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Introduction
In this contribution, we summarize all issues discussed on beam management and timings associated with beam-based operation for new SCSs to support NR from 52.6 GHz to 71 GHz in RAN#106bis-e.
Timings Associated with Beam-based Operation
Support of additional values of beamSwitchTiming, beamReportTiming and timeDurationForQCL
Observations and Proposals from Contributions

	Company
	Observations and Proposals from Contributions

	[Huawei/HiSi, 1]
	Proposal 1: There is no need to introduce any additional candidate value of “timeDurationForQCL”, “beamSwitchTiming” and “beamReportTiming” for 120kHz, 480kHz and 960kHz SCS. (Alt-1)

	[FUTUREWEI, 2]
	Proposal 5: Support Alt-1: For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming no additional candidate values are supported for 120 kHz, 480 kHz and 960 kHz 

	[ZTE/Sanechips, 4]
	Proposal 2: For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, Alt-1 is preferred.
· Alt-1: No additional candidate values are supported for 120 kHz, 480 kHz and 960 kHz 

	[vivo, 5]
	Proposal 1:	For timeDurationForQCL, no additional candidate value is needed for 480 and 960 kHz.

	[CATT, 8]
	Proposal 4: 28 and 56 symbols are supported as additional candidate values for 480 kHz and 960 kHz for the timeDurationForQCL, beamSwitchTiming and beamReportTiming.

	[xiaomi, 9]
	Proposal 1: For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, Support Alt-1.

	[Ericsson, 10]
	Proposal 5	For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, support Alt-2 from the RAN1#106-e agreement, i.e.,  28 and 56 symbols are supported as additional candidate values for 480 kHz and 960 kHz, respectively

	[Samsung, 12]
	Proposal 1: Support Alt-1 (no additional candidate values) for timeDurationForQCL, beamSwitchTiming and beamReportTiming for new SCSs

	[MediaTek, 13]
	Proposal 1: Defer the discussion of additional values of timeDurationForQCL, beamSwitchTiming and beamReportTiming for 480 kHz and 960kHz till the BD/CCE limits are specified for 480kHz and 960kHz.

	[Intel, 14]
	Proposal 1: Support additional candidate values of 28 OFDM symbols and 56 OFDM symbols for SCS 480 kHz and SCS 960 kHz, respectively, for each of the parameters: timeDurationQCL, beamReportTiming and beamSwitchTiming.

	[InterDigital, 18]
	Observation 1: The current minimum candidate values, 56 and 12 symbols, take only 125 us, which is short enough for efficient operation. 
Observation 2: If 28 and 56 symbols are supported for 480 kHz and 960 kHz, UE needs to receive and decode PDCCH, change UE reception beam for PDSCH and generate beam report within 62.5 us, which can lead processing burden for the UE implementation. 
Proposal 1: No additional candidate values are supported for 480 kHz and 960 kHz (Alt-1). 

	[LGE, 19]
	Proposal #1: For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, 28 and 56 symbols are supported as additional candidate values for 480 kHz and 960 kHz, respectively (i.e., Alt-2 in the agreement made in RAN1#106-e).

	[Qualcomm, 22]
	Proposal 4: For timeDurationForQCL, beamSwitchTiming and beamReportTiming, no additional candidate values are supported for 120 kHz, 480 kHz and 960 kHz.



Summary of views
In RAN1#106-e, the following agreement on timeDurationForQCL. beamSwitchTiming and beamReportTiming is agreed.
	Agreement:
For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, 
· Support one of the following alternatives
· [bookmark: _Hlk83902462]Alt-1: No additional candidate values are supported for 120 kHz, 480 kHz and 960 kHz 
· Alt-2: 28 and 56 symbols are supported as additional candidate values for 480 kHz and 960 kHz, respectively 
· For UE capability signaling, UE reports one value of the candidate values in OFDM symbols per each SCS



Based on the above agreement, the following companies’ views are observed.
	[bookmark: _Hlk84541972]#
	Issue
	Companies’ views

	1.1
	Support additional values of beamSwitchTiming, beamReportTiming and timeDurationForQCL
	No additional candidate values (Alt-1)
· Huawei/HiSi, FUTUREWEI, ZTE/Sanechips, vivo, xiaomi, Samsung, IDCC, Qualcomm
· [Huawei/HiSi]: The motivation to introduce additional candidate values are not clear. Due to limited time in this agenda item, we do not see a need to introduce any additional candidate values for these parameters.
· [Qualcomm]: For the candidate values of timeDurationForQCL, beamSwitchTiming, and beamReportTiming, we prefer not to support 28 and 56 symbols as additional candidate values for 480 kHz and 960 kHz, respectively. Those values are too short compared with scaled values from 120 kHz.
Support 28 and 56 symbols for 480 kHz and 960 kHz, respectively (Alt-2)
· CATT, Ericsson, Intel, LGE
· [Ericsson]: Since these are only candidate values, this does not mandate the UE to support them. However, if the UE is capable of supporting such values it makes for more responsive (faster) beam management, and we think this is good for the technology.
· [Intel]: However, the simple scaling means no speed up in beam management operations for the new NR UE devices, which are intended to work on these frequencies, comparing with current UE devices operating in NR FR2. Therefore, it seems necessary to provide optional UE capabilities for faster beam switching and beam reporting assuming some reasonable progress in signal processing of UE devices for NR extension from 52.6 GHz up to 71 GHz.
Hold the discussion
· MediaTek
· [MediaTek]: Defer the discussion of additional values of timeDurationForQCL, beamSwitchTiming and beamReportTiming for 480 kHz and 960kHz till the BD/CCE limits are specified for 480kHz and 960kHz.



1st round discussion 
Observation 1
For timeDurationForQCL, beamSwitchTiming and beamReportTiming, majority of companies indicated no additional candidate values (Alt-1). The moderator requests additional inputs of the companies which did not express their positions. In addition, MediaTek proposed to defer the discussion until BD/CCE limits are specified for 480kHz and 960kHz. The moderator asks MediaTek’s detailed technical background to defer the discussion. 

Proposal 1
For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, 
· No additional candidate values are supported for 120 kHz, 480 kHz and 960 kHz 
· Note: this is Alt-1 from the RAN1#106 agreement.

	Company
	Input

	LG Electronics
	We support Alt-2, i.e., 28 and 56 symbols for 480 kHz and 960 kHz, respectively. We couldn’t understand why we cannot support additional values as UE capability.

	OPPO
	support

	Ericsson
	Agree with LGE. These are candidate values, hence it seems reasonable not to support them for UEs that are capable of faster beam management.

	Lenovo, Motorola Mobility
	We support the Proposal 1

	vivo
	Support Proposal 1. 

	Futurewei
	Support proposal-1. Questions on Feasibility of new values have to be settled first.

	Nokia/NSB
	Do not support. Share view with LGE and Ericsson.

	MediaTek
	Thanks to Moderator for asking the reasoning of our proposal. 
The existing candidate values in Rel-15/16 timeDurationForQCL, beamSwitchTiming and beamReportTiming have been verified to achieve the balance of implementation and system efficiency, which is the reason we support reusing the same associated absolute time duration of 120kHz for the candidate values of 480kHz and 960kHz in previous agreement. For the new candidate values, we are open to discuss but it is important to us the evaluation of new values. To achieve this, we at least need the BD/CCE limit of PDCCH monitoring for 480kHz and 960kHz since timeDurationForQCL, beamSwitchTiming and beamReportTiming are related to how fast UE can obtain the control information for the upcoming scheduling. The agreement for the basic PDCCH monitoring capability for 480kHz and 960kHz is still missing and we simply can’t justify the smaller values from the implementation point of view. However, we are also aware that there are only two meetings left and some conclusion on the new values should be made sooner than later. Therefore, we would like to hear the technical background on 28symbols for 480kHz and 56 symbols for 960kHz to facilitate the discussion.

We don’t against the new values but we just prefer to be more careful on determining the new candidate values to ensure those values are meaningful. I hope this clarify our intention.  
  

	Qualcomm
	Support Proposal 1

	Apple 
	Support Proposal 1. 

Our view is that adopting smaller value should be justified by a possibility to implement it in a meaningful future by some chipset vendors. The approach of introducing smaller values with ‘optional’ UE capability is not enough; otherwise, we can even introduce a smaller values than those proposed in Alt-2. 

	Samsung
	Support Proposal 1

	Huawei, HiSilicon
	Support Proposal 1

	ZTE, Sanechips
	Support Proposal 1

	Intel
	Do not support.
Our preference is Alt-2, i.e., 28 and 56 symbols for 480 kHz and 960 kHz, respectively, as part of optional UE capability.

We would like to aske companies who do not prefer to add additional capabilities to reconsider. The support of additional values should not impact UEs or gNB that do not support smaller latency.
This only enables support of more advanced UEs/gNBs to be implemented in the future.

Given that it seems unlikely that 60 GHz enhancement WI to be in Rel-18, we think it is extremely important to enable advance features for future proofing the specification. 


	DOCOMO
	Support Proposal 1.

	Xiaomi
	Support proposal 1.



1st round discussion summary 
Proposal 1 was discussed in the GTW session, but no clear conclusion was made. The following is a summary of company views.
Support proposal 1: OPPO, Lenovo/MotM, vivio, Futurewei, Qualcomm, Apple, Samsung, Huawei/HiSi, ZTE/Sanechips, Docomo, Xiaomi
Support 28 symbols for 480 kHz and 56 symbols for 960 kHz: LGE, Ericsson, Nokia/NSB, Intel, CATT
[bookmark: _Hlk84950606]While the companies supporting Proposal 1 still prefer to keep the absolute time duration and believe that adopting smaller value should be justified by a possibility to implement it in a meaningful future by some chipset vendors. However, the companies supporting 28 symbols for 480 kHz and 56 symbols for 960 kHz believe that beam related operation based on the current candidate values provides limited flexibility and there should be candidate values that advanced UEs support if possible. 

2nd round discussion 
Companies are requested to share their company view if they did not share their view on Proposal 1. 
Proposal 1
Conclusion
For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, 
· No additional candidate values are supported for 120 kHz, 480 kHz and 960 kHz 
· Note: this is Alt-1 from the RAN1#106 agreement.

	Company
	Input

	LG Electronics
	We still prefer Alt-2, i.e., additionally supporting 28/56 symbols for 480/960 kHz. It does not affect specification impact at all and do consider advanced UE/gNB implementation in the future.

	ZTE, Sanechips
	We support FL’s conclusion.

	CATT
	We share similar view with LGE.

	Transsion
	We support FL’s conclusion.

	DOCOMO
	Support the conclusion. 

	Lenovo, Motorola Mobility
	We support FL’s conclusion

	Intel
	We don’t prefer this conclusion.

We support Alt-2 with additional values of 28 symbols and 56 symbols for 480 kHz and 960 kHz, respectively. We agree with LGE arguments that this does not hurt the specification. At the same time this is a kind of provision for an optional UE capability corresponding to high performing devices.

We would like other companies, supporting the conclusion, to note that this is unlikely that NR extension from 52.6 GHz up 71 GHz will be enhanced in Rel-18. Therefore, now may be the only opportunity for RAN1 to provide options for future advanced UEs like faster beam management processing with less delay/timing for beam switching/reporting.

	Apple 
	We support FL proposal. 
It should be clear based on the inputs that no chipset vendor has interest to implement this shorter value and it is likely a purely paperwork. 

	Samsung
	Support the conclusion

	Ericsson
	We also prefer Alt-2 as commented by LGE and Intel. We don't think there is an issue with defining additional candidate values, since the UE will anyway indicate what values it actually supports. This builds in some future proofness.

	Nokia/NSB
	Share view with Ericsson and LGE.  Prefer Alt-2.

	MediaTek
	We support the proposal. It is hard to see the justification of the smaller values since the whole PDCCH monitoring in 60GHz is still holding.  

	vivo
	Support this conclusion given no consensus to adopt other values.

	CATT
	Prefer Alt-2

	Huawei, HiSilicon
	We support the conclusion. 

	Xiaomi
	Support this conclusion.

	OPPO
	Support this conclusion

	Moderator
	The following is a summary of the discussion.
Support the conclusion (Alt-1): ZTE/Sanechips, Transsion, Docomo, Lenovo/MotM, Apple, Samsung, MediaTek, vivo, Huawei/HiSi, Xiaomi, OPPO
Alt-2: LG, CATT, Intel, Ericsson, Nokia/NSB

The moderator observed no compromise during the discussion and believe that we need GTW session. Companies which support Alt-2, please remember that no conclusion also means Alt-1. 




maxNumberRxTxBeamSwitchDL (closed)
Observations and Proposals from Contributions
	Company
	Observations and Proposals from Contributions

	[Huawei/HiSi, 1]
	Proposal 2: For maxNumberRxTxBeamSwitchDL, support 4 as a candidate value for 960kHz SCS in addition to the agreed candidate value 2. (Alt-2)
Proposal 4:  UL-DL or DL-UL w/o spatial domain filter change should be counted as a beam switch in maxNumberRxTxBeamSwitchDL.

	[FUTUREWEI, 2]
	Proposal 3: Support Alt-1: For maxNumberRxTxBeamSwitchDL support {1, 4 and [7]} as candidate values for 960 kHz in addition to the agreed candidate values 2. 

	[Spreadtrum, 3]
	Proposal 1: For maxNumberRxTxBeamSwitchDL, support 1 and 4 for 960 kHz.

	[ZTE/Sanechips, 4]
	Proposal 1: For FR2-2, the values of maxNumberRxTxBeamSwitchDL in Alt-1 are preferred for 960 kHz SCS.
· Alt-1: Support 1, 4 and 7 as candidate values for 960 kHz in addition to the agreed candidate value 2


	[vivo, 5]
	Proposal 2:	the definition of maxNumberRxTxBeamSwitchDL should be discussed in case of different numerology configuration for DL and UL.

	[OPPO, 6]
	Proposal 1: Support 1 and 4 as candidate values for 960 kHz in addition to the agreed candidate values 2.

	[CATT, 8]
	Observation 2: When SCS is 480 kHz or 960 kHz, the duration of each OFDM symbol would be shorter. UE may not support performing beam switching as much as 14 times within a slot.
Proposal 3: For SCS 480/960 kHz, the candidate value of maxNumberRxTxBeamSwitchDL can be {2, 4, 7} and {1, 2, 4} respectively.

	[Ericsson, 10]
	Proposal 7	For maxNumberRxTxBeamSwitchDL for 960 kHz, support Alt-2 from the RAN1#106-e agreement, i.e., support candidate values 2 and 4 for 960 kHz SCS.

	[Nokia/NSB, 11]
	Proposal 1: Support 4 as a candidate value for 960 kHz in addition to the agreed candidate values 2.

	[Samsung, 12]
	Proposal 2: Support Alt-2 (Support 4 as a candidate value for 960 kHz) for maxnumberRxTxBeamSwitchDL

	[MediaTek, 13]
	Proposal 2: For maxNumberRxTxBeamSwitchDL for 960kHz, support {1,4,[<=7]} the condition that [<=7] should be discussed after the RAN4 decision on the beam switching time for 960kHz.

	[Intel, 14]
	Proposal 2: For maxNumberRxTxBeamSwitchDL in case of SCS 960 kHz: Candidate value set is {1, 2, 4, 7} switches.

	[InterDigital, 18]
	Observation 4: Switching Rx/Tx beam 7 times within 15.625 us can be serious burden for UE implementation.
Proposal 3: Support 4 as a candidate value for 960 kHz (Alt-2). 

	[LGE, 19]
	Proposal #3: For maxNumberRxTxBeamSwitchDL of 960 kHz, support 4 as a candidate value in addition to the agreed candidate values 2 (i.e., Alt-2 in the agreement made in RAN1#106-e).

	[Qualcomm, 22]
	Proposal 3: For maxNumberRxTxBeamSwitchDL, support at least 1 and 4 as candidate values for 960 kHz in addition to the agreed candidate value 2.



Summary of views
In RAN1#106-e, the following agreements on maxNumberRxTxBeamSwitchDL are agreed.
	Agreement:
For maxNumberRxTxBeamSwitchDL,
· Support at least 2 and 4 as candidate values for 480 kHz
· FFS: 7
· Support at least 2 as a candidate value for 960 kHz
· FFS: Support for additional candidate value(s) including 4

Agreement:
For maxNumberRxTxBeamSwitchDL,
· For 480 kHz, support 7 as a candidate value for 480 kHz in addition to the agreed candidate values 2 and 4
· For 960 kHz, support one of the following alternatives
· Alt-1: Support 1, 4 and [7] as candidate values for 960 kHz in addition to the agreed candidate values 2
· Alt-2: Support 4 as a candidate value for 960 kHz in addition to the agreed candidate values 2
· No additional candidate values are supported



Based on the above agreement, the following companies’ views are observed.
	#
	Issue
	Companies’ views

	2.1
	maxNumberRxTxBeamSwitchDL
	Support 1, 4 and [7] as additional candidate values for 960 kHz (Alt-1)
· FUTUREWEI, Spreadtrum (without 7), ZTE/Sanechips, Oppo (without 7), CATT (without 7), MediaTek, Intel, Qualcomm (without 7)
· [CATT]: When SCS is 480 kHz or 960 kHz, the duration of each OFDM symbol would be shorter. UE may not support performing beam switching as much as 14 times within a slot.
· [MediaTek]: For maxNumberRxTxBeamSwitchDL for 960kHz, support {1,4,[<=7]} in the condition that [<=7] should be discussed after the RAN4 decision on the beam switching time for 960kHz.
Support 4 as an additional candidate value for 960 kHz (Alt-2)
· Huawei/HiSi, Ericsson, Nokia/NSB, Samsung, IDCC, LGE
· [Samsung]: Since the candidate value {7} for 480 kHz has been agreed, we think ‘4’ for 960 kHz which has similar capability can be supported. However, in our view, the value ‘1’ is too restrictive for the UE which supports multi-panel operation. Consequently, we support Alt-2 for maxNumberRxTxBeamSwitchDL
· [IDCC]: Switching Rx/Tx beam 7 times within 15.625 us can be serious burden for UE implementation.



1st round discussion
Observation 2
For maxNumberRxTxBeamSwitchDL, it is observed that majority of companies indicated their support on 1 and 4 as additional candidate values for 960 kHz (Alt-1 without [7]). Based on the majority view, the moderator provides proposal 2. Please continue discussion based on proposal 2. 
Proposal 2
For maxNumberRxTxBeamSwitchDL, support 1 and 4 as candidate values for 960 kHz in addition to the agreed candidate value 2.
· Note: this is Alt-1 without [7] from the RAN1#106 agreement.

	Company
	Input

	LG Electronics
	Support Proposal 2.

	OPPO
	support

	Ericsson
	We are fine to remove [7]. We support candidate value 4. However, we think that 1 beam switch per slot is too low a number. Consider a CSI-RS resource set configured with repetition = ‘on’ (i.e., the so-called P3 procedure for UE Rx beam refinement). Given that CSI-RS resource sets are restricted to 1 slot, this means that a maximum of 2 CSI-RS resources could be configured for L1-RSRP measurements. This is very restrictive, e.g., for multi-panel UEs as pointed out by Samsung.

	Lenovo, Motorola Mobility
	We support proposal 2

	vivo
	Support proposal 2

	Futurewei
	Support proposal 2

	Nokia/NSB
	Do not support. We have the same view as Ericsson. We are fine to remove 7 but also want to remove 1 which is too restrictive for multi-beam management not supporting measuring of multiple SSB or CSI-RS resources in a slot.  

	MediaTek
	Support the proposal.

	Qualcomm
	Support Proposal 2

	Apple 
	We are fine with Proposal 2.
 
It should be noted that value of ‘1’ is the lowest value and advanced UE can always indicate the larger value, e.g., 4 for 960kHz SCS. If we compare BM efficiency with this value of 960kHz SCS with 120kHz SCS case, value of ‘1’ with 960kHz SCS equivalently means 8*2=16 times of beam switching within a 120kH slot duration, which is quite faster compared to the values defined for 120kHz SCS. In other words, even this value already makes it challenging to reuse the existing hardware of 120kHz SCS for higher SCS.   

	Samsung
	Do not support. As we mentioned in our tdoc, the value 1 seems too restrictive.

	Huawei, HiSilicon
	We prefer to support {2,4} only.  

	ZTE, Sanechips
	Support Proposal 2

	Intel
	We don’t support removing 7 switches and keeping 1 switch per slot. We are ok to remove all together 1 and 7 or keep them together. We are also fine with 4 switches per slot.

	DOCOMO
	We are fine with Proposal 2.

	Xiaomi
	Ok with proposal 2.

	Moderator
	This discussion is closed. Please check the agreement in 2.2.3.3.



Conclusions from GTW session
Agreement:
For maxNumberRxTxBeamSwitchDL, support 1, 4 and 7 as candidate values for 960 kHz in addition to the agreed candidate value 2.
· Note: this is Alt-1 from the RAN1#106 agreement.

Additional beam switching time delay d
Observations and Proposals from Contributions

	Company
	Observations and Proposals from Contributions

	[Huawei/HiSi, 1]
	Proposal 3:  For the additional beam switching time delay d, when triggering PDCCH with 120kHz  (480kHz) has a smaller subcarrier spacing than AP-CSI-RS or PDSCH, the supported value is obtained by multiplying a factor of two (eight) to the corresponding value for 60 kHz SCS.

	[ZTE/Sanechips, 4]
	Proposal 3: The following values can be considered for additional beam switching time delay d for triggering AP-CSI-RS when triggering PDCCH with 120/480kHz has a smaller SCS than AP-CSI-RS.
	µPDCCH
	d [PDCCH symbols]

	3
	28

	5
	56




	[CATT, 8]
	Proposal 5: 28 symbols are supported as additional candidate values for 120 kHz for the additional beam switching time delay d.

	[Ericsson, 10]
	Proposal 6	For additional beam switch delay d, support Alt-1 from the RAN1#106-e agreement, i.e., d = 14 symbols for 120 kHz. For 480 kHz support the value for 120 kHz scaled by 4x, i.e., d = 56 symbols for 480 kHz.

	[Nokia/NSB, 11]
	Proposal 2: Additional beam switching time delay d of 120 kHz is 14 symbols.
Proposal 3: Additional beam switching time delay d of 480 kHz is 28 symbols.

	[Samsung, 12]
	Proposal 3: Support Alt-2 (28 symbol) for 120 kHz and 56 symbol for 480 kHz for additional beam switching time delay d

	[MediaTek, 13]
	Proposal 3: For the additional beam switching time delay  of 120 kHz and 480kHz when the scheduling DCI SCS  is smaller than the triggered aperiodic CSI-RS SCS , support  symbols for DCI SCS=120kHz and  symbols for DCI SCS=480kHz.

	[Intel, 14]
	Proposal 3: For additional beam switching delay , support [14] PDCCH symbols when  (SCS 120 kHz), support [56] PDCCH symbols when  (SCS 480 kHz).

	[InterDigital, 18]
	Observation 3: As well as timeDurationForQCL, beamSwitchTiming and beamReportTiming, further processing time reduction is difficult considering the similar DCI payload size and the more complex UE implementation.
Proposal 2: It is preferred to support values 28 symbols for 120 kHz (Alt-2) and 112 symbols for 480 kHz, respectively. 

	[LGE, 19]
	Proposal #2: For beam switching time delay d of 120 kHz, support 28 symbols (i.e., Alt-2 in the agreement made in RAN1#106-e). In addition, for beam switching time delay d of 480 kHz, support 112 symbols.

	[Apple, 20]
	Proposal 1: For additional beam switching time delay ‘d’, reuse the absolute time defined for 60kHz i.e., 28 symbols for 120kHz and 112 symbols for 480kHZ.  

	[Qualcomm, 22]
	Proposal 5: For additional beam switching time delay d for PDCCH SCS = 120 kHz, support 28 symbols.



Summary of views
In RAN1#106-e, the following agreements on additional beam switching time delay d are agreed.
	Agreement:
For the threshold values 48 or 48+  mentioned in Clauses 5.2.1.5.1 and 5.2.1.5.1a of 38.214, scale 48 to 4*48 for 480 kHz and 8*48 for 960 kHz.
Agreement:
· For additional beam switching time delay d of 120 kHz, support one of the following alternatives
· Alt-1: 14 symbols
· Alt-2: 28 symbols
· FFS: value for 480 kHz



Based on the above agreement, the following companies’ views are observed.
	#
	Issue
	Companies’ views

	3.1
	Value of additional beam switching time delay d for 120 kHz
	14 symbols (Alt-1)
· Ericsson, Nokia/NSB, Intel
· [Ericsson]: An upper bound on the value of the additional beam switching delay for cross-carrier triggering of aperiodic CSI-RS on carriers with different numerologies is d = 14 and 56 for µPDCCH = 3 and 5, respectively. Further discuss if these values can be tightened, e.g., by a factor of 2.
28 symbols (Alt-2)
· Huawei/HiSi, ZTE/Sanechips, CATT, Samsung, MediaTek, IDCC, Apple, Qualcomm, LGE
· [Apple]: Given the fact that the higher frequency band is sort of FR2-1 extension to beyond 52.6GHz, processing time for new SCSs is preferrable to allow reusing the existing FR2-1 hardware regardless of SCS. It is the reason that RAN1 agreed the following in the RAN1 #104 e-meeting as a general guideline for timeline related discussions [1]

	3.2
	Value of additional beam switching time delay d for 480 kHz
	28 symbols
· Nokia/NSB, Intel
· [Nokia/NSB]: As already the main delay component is scaled with 4 or 8 for 480 and 960 kHz, respectively, compared to 120 kHz, the additional beam switching timing delay d does not need to scale similarly.
56 symbols
· ZTE/Sanechips, Ericsson
· [Ericsson]: For additional beam switch delay d, support Alt-1 from the RAN1#106-e agreement, i.e., d = 14 symbols for 120 kHz. For 480 kHz support the value for 120 kHz scaled by 4x, i.e., d = 56 symbols for 480 kHz.112 symbols (Value of 60 kHz SCS scaled by 8x)
112 symbols
· Huawei/HiSi, MediaTek, IDCC, Apple, LGE
· [LGE]: For beam switching time delay d of 120 kHz, support 28 symbols (i.e., Alt-2 in the agreement made in RAN1#106-e). In addition, for beam switching time delay d of 480 kHz, support 112 symbols.



1st round discussion
Observation 3
For 120kHz, majority of companies indicated their support on 28 symbols while 4 other companies support 14 symbols. Based on the majority view, the moderator provides For 480 kHz, no proposal supported by majority companies is observed. Please continue discussion. 
Please indicate your preference on beam switching time delay d for 480 kHz.
	Company
	Input

	Ericsson
	As we discuss below, we think that for 120 kHz d should be 14 symbols. For 480 kHz we agree with Nokia’s view that “the main delay component is scaled with 4 or 8 for 480 and 960 kHz, respectively, compared to 120 kHz, the additional beam switching timing delay d does not need to scale similarly.”
Hence, we can be open to 2 x 14 = 28 symbols in addition to our original proposal of 4 x 14 = 56 symbols.

	Nokia/NSB
	As we already indicated, no need for further scaled up of “d”. We have spent already 4 slots of 120kHz SCS. Further addition of 2 slots or 8 slots strongly restrict the scheduling of AP-CSI RS with given TDD frame structure.  
Support 14 symbols for 120kHz, and 28 symbols for 480kHz. 

	MediaTek
	Unless there will be capability signaling for this parameter, we prefer to use the same scaling principle for 120kHz and 480kHz to cover the required processing time in all the scenarios.

	Qualcomm
	We prefer 112 symbols for 480 kHz

	Samsung
	In order to keep similar capability as 120 kHz d, we prefer 112 symbols for 480 kHz.

	Intel
	We support 14 symbols for 120 kHz and 56 symbols for 480 kHz. However, we are open to 28 symbols for 480 kHz



Proposal 3
· For additional beam switching time delay d of 120 kHz, support 28 symbols. 
· Note: this is Alt-2 from the RAN1#106 agreement.

	Company
	Input

	LG Electronics
	We support Proposal 3 and our preference on Alt-2 is added in the above summary.

	OPPO
	Support

	Ericsson
	Our preference is still Alt-1. We don’t see why for 120 kHz that d needs to be larger than 1-slot. Our understanding is that this allows time for PDCCH decoding. On a 120 kHz carrier, is this expected to be longer than 1 slot? Furthermore, the 

We note that in FR1, for PDCCH on either a 15 or 30 kHz carrier that schedules a carrier with larger SCS, d is roughly ½ slot (8 symbols) in both cases. For FR2, following the same scaling principle, d can be the same value for either a 60 or 120 kHz carrier scheduling a carrier with larger SCS. For the case of 60 kHz, d = 1 slot (14 symbols is specified). Hence, we think for 120 kHz d should also be 14 symbols, i.e., Alt-1.

	Lenovo, Motorola Mobility
	We support proposal 3

	vivo
	Support proposal 3

	Futurewei
	Support proposal 3

	Nokia/NSB
	Do not support. We prefer alt-1. The same view as Ericsson.

	Qualcomm
	Support Proposal 3

	Apple 
	Support proposal 3. 

	Samsung
	Support Proposal 3

	Huawei, HiSilicon 
	We Support Proposal 3. 

We prefer to be consistent and support the absolute time domain values with respect to the values in FR2-1. Therefore, we support 28 symbols for 120 kHz and 112 symbols for 480 kHz. It is noteworthy that is added to timeDurationForQCL and beamSwitchTiming which are obtained for 480 and 960 kHz following the same principle (using the same absolute time values for 120 kHz in FR2-1).

	ZTE, Sanechips
	Support Proposal 3

	Intel
	Do not support.
Our preference is Alt-1. We share the same view as Ericsson

	DOCOMO
	We are fine with Proposal 3.

	Xiaomi
	Support proposal 3.

	Moderator
	Additional beam switching time delay d for 120 kHz is agreed as 28 symbols in GTW session. Please check the agreement in 2.3.3.4.



1st round discussion summary. 
For 120 kHz, additional beam switching time delay d is agreed as 28 symbols in GTW session. For 480 kHz, the moderator observed following inputs. 
· 28 symbols: Nokia/NSB, Intel
· 56 symbols: ZTE/Sanechips, Ericsson
· 112 symbols: Huawei/HiSi, MediaTek, InterDigital, Apple, LGE
The companies supporting 112 symbols prefer to keep the absolute time duration in FR2-1 for 480 kHz. The companies believe that it is difficult to reduce additional latency for 480 kHz. However, the companies supporting 28 symbols or 56 symbols believe that 112 symbols would significantly reduce gNB flexibility. In addition, Nokia/NSB believes that additional beam switching time delay d is to align the symbol/slot boundaries and not related to actual PDCCH decoding time or beam switching time. 

Conclusions from GTW session
Agreement:
For additional beam switching time delay d of 120 kHz, support 28 symbols. 
· Note: this is Alt-2 from the RAN1#106 agreement.

2nd round discussion
Based on the inputs, the moderator provides Proposal 3a with 3 alternatives. Please share your company view on Proposal 3a and your company preference on the alternatives as well. 
Proposal 3a
· For additional beam switching time delay d of 120 480 kHz, support one of the following alternatives. 
· Alt-1: 28 symbols
· Alt-2: 56 symbols
· Alt-3: 112 symbols

Proposal 3b
· For additional beam switching time delay d of 480 kHz, support one of the following alternatives56 symbols. 
· Alt-1: 28 symbols
· Alt-2: 56 symbols
· Alt-3: 112 symbols

Proposal 3c
· For additional beam switching time delay d of 480 kHz, support 56 symbolsintroduce UE capability signaling which indicates 56 symbols or 112 symbols. 

	Company
	Input

	LG Electronics
	Proposal 3a should be d value of 480 kHz (not 120 kHz). Our first preference is alt-3 but we can accept smaller value than 112 if consensus can be made.

	ZTE, Sanechips
	We support Alt-2 that is scaled by 4x based on the value of 60KHz SCS

	Transsion
	We support Alt-3.

	DOCOMO
	We are fine with Alt-1 or Alt-2.

	Lenovo, Motorola Mobility
	Our first preference is Alt-2, but we are also ok with Alt-3. 

	Qualcomm
	Support Alt3 or 84 symbols

	Intel
	Assuming that the d value discussed in the Proposal 3a is for PDCCH SCS 480 kHz, we prefer either Alt-1 or Alt-2.

	Apple 
	Alt.3. 

Our preference is to apply ‘scaling’ approach for all channels such that the existing hardware of FR2 can be reused. Introducing an exceptional handling for ‘d’ value would break the rule and make it difficult to reuse the hardware. We do not think this parameter is so important to make it exceptional. 

	Samsung
	We prefer 112 symbols for additional beam switching time delay d for 480 kHz to keep absolute time duration as 120 kHz. However, we understand other companies’ concern on 112 symbols. So we are fine with either Alt-2 or Alt-3.

	Moderator
	Thanks LGE for pointing out the typo. The SCS value is updated to 480 kHz. It seems that Alt-2 is acceptable to most of companies. In addition, the moderator sympathizes Nokia/NSB’s previous comment in GTW session that this is additional delay for cross-carrier operation. Based on the understanding, the moderator provides Proposal 3b with 56 symbols. Please comment if you object this proposal. 

	Ericsson
	Our first preference is Alt-1 of Proposal 3a; however, we can accept Proposal 3b as a compromise.

	LG Electronics
	We can accept Proposal 3b.

	Intel
	Support Proposal 3b.

	Futurewei
	We can accept proposal 3b

	Nokia/NSB
	We still prefer 28 symbols, however, for the sake of progress, we can compromise with 56 symbols as in Proposal 3b.

	MediaTek
	We support Alt3. We don’t think the logic that beam switching time is scaled but the additional time for different SCS scheduling is reduced is consistent.

	CATT
	We prefer alt1 but can be also ok with alt2

	Huawei, HiSilicon
	We think that no company has done any real analysis on this issue and both of 56 and 112 are speculative. In this case, we prefer be more cautious and go with the same absolute time between 120 kHz and 480 kHz. 


	Xiaomi
	Ok with proposal 3b.

	Samsung
	We can accept Proposal 3b

	OPPO
	We prefer keeping the same absolute duration as 120kHz. But can make compromise for proposal 3b. 

	Moderator
	The following is a summary of the discussion. 

Support proposal 3b: Ericsson, LG, Intel, Futurewei, Nokia/NSB, CATT, Huawei/HiSi, Xiamoi, Samsung, OPPO
Object: MediaTek, Huawei/HiSi

	Qualcomm
	We can live with 3b, in the spirit of mutual compromise/understanding

	Huawei, HiSilicon
	As we discussed above, we think that no company has done any real analysis on this issue and both of 56 and 112 are speculative. In this case, we prefer be more cautious and go with the same absolute time between 120 kHz and 480 kHz. 
If all companies are leaning towards or can live with the value of 56, the compromise that we can make is to introduce a one-bit UE capability for d for 480 kHz and include {56, 112} as options for the reported values.


	Apple 
	We cannot agree with Alt.3b as elaborated earlier, which creates risk of reusing the existing hardware and violates the general design spirit of processing timeline. We also object proposal 3b. 

Solution proposed by HW to introduce a UE capability can be considered for us to move forward on this topic and leave it for vendor-choice to pick one of two values {56,112} for 480kHz SCS case.  

We suggest moderator to create a new proposal 3C for Alt.3 in proposal 3a (Example below), as handling proposal 3b. 
· For additional beam switching time delay d of 480 kHz, support one of the following alternatives112 symbols. 
· Alt-1: 28 symbols
· Alt-2: 56 symbols
· Alt-3: 112 symbols

We can count how many companies support and how many companies object, since we observed more companies support Alt.3 than Alt.2 based on earlier comment.

At least in summary, we recommend FL to formulate status of both Alt.2 and Alt.3 both, instead of focusing Alt.2 only to list support vs. object

	DOCOMO
	We can accept Proposal 3b.

	ZTE,Sanechips
	We support Proposal 3b.

	Lenovo, Motorola Mobility
	We support proposal 3b

	Nokia/NSB
	Support 3b

	Moderator
	Proposal 3c is added based on Huawei’s suggestion.

	MediaTek
	We still think Alt3 is a more consistent approach. However, Proposal 3C can be a compromise if majority of companies prefer Alt2 over Alt3 with the following comment: should we make 112symbols as mandatory and the capability is only for supporting additional capability on [56]symbols.



2nd round discussion summary. 
TBU
Beam switching gap and scheduling restrictions for higher SCSs
Observations and Proposals from Contributions
	Company
	Observations and Proposals from Contributions

	[Huawei/HiSi, 1]
	Observation 1: For 960 kHz and 480 kHz SCS, current scheduling restrictions cannot protect the reception or transmission of a signal with a higher priority when an adjacent symbol carries a signal with a lower priority and using a different beam.
Proposal 5: For 960 kHz and 480 kHz SCS and within one slot, UE is not expected to be scheduled/configured with a signal/channel with a lower priority on one symbol before to and one symbol after of a signal/channel with a higher priority and a different QCL-D assumption. 
· Use the following table to prioritize DL signal/channels where a smaller priority index indicates a higher priority
	Priority index
	Signal(s)

	0
	SSB, RLM-RS

	1
	CORESET 0

	2
	CORESET N, N=1, 2, …

	3
	CSI-RS for tracking/CQI

	4
	PDSCH DMRS

	5
	PDSCH data symbol



Proposal 6: A UE can drop the low priority signal(s)/channel(s) in a slot when additional beam switch is required and the number of beam switches has already reached maxNumberRxTxBeamSwitchDL.

	[FUTUREWEI, 2]
	Proposal 1: For both 480 kHz and 960 kHz SCS, UE is not expected to be able receive downlink data or control channel or reference signals with different QCL-TypeD properties on adjacent symbols within a slot if that exceeds its signaled beam switch capability.
Proposal 2: Analogous to the overlapping PDCCH/PDSCH and PDCCH/PDCCH with different QCL-TypeD situation in FR2-1, in FR2-2 a precedence relation is necessary for UEs incapable of adjacent symbol reception with beam switching.	
Proposal 4: UE is expected to prioritize reception based on a priority ranking and is expected to receive at-least those symbols in a slot (using their corresponding beams) that are associated with signals (or channels) whose priorities are in the top maxNumberRxTxBeamSwitchDL highest priorities among signals of all symbols in that slot. 
	FFS: Details of priority ranking

	[ZTE/Sanechips, 4]
	Observation 1: Rel-15/16 NR specifications have enough flexibility to support beam switching for non-SSB channels/signals with new SCSs 480 kHz and 960 kHz, even if the lengths of CP are not enough for beam switching.

	[NEC, 7]
	Proposal 2: A gap for beam switching or directional LBT should be introduced for multiple QCL assumption in multiple-PDSCH scheduling.

	[CATT, 8]
	Observation 4: In order to guarantee the reception performance of PDSCH, the additional beam switching gap need to be reserved before the PDSCH.
Proposal 7: When the additional beam switching gap is introduced, QCL assumption needs to be investigated.

	[Ericsson, 10]
	Proposal 8	To allow efficient configuration of reference signal resource sets for beam management for 480/960 kHz SCS, RAN1 should further discuss the introduction of some form of UE capability signalling that can provide the network with knowledge related to the UE beam switch time (on the order of 10s of ns, rather than 10s or 100s of OFDM symbols).

	[Samsung, 12]
	Proposal 4: Reserve one symbol for beam switching gap when using 480 kHz and 960 kHz SCSs.
Proposal 6: If beam switching gap is required, use indicated QCL assumption when an enough gap for beam switching is provided, otherwise keep default QCL assumption.

	[NTT DOCOMO, 15]
	Proposal 1: For timing parameters associated with beam based operation,
· For beam switching between SRS/PUCCH/PUSCH, whether/how to define the beam switching gap depends on RAN4 conclusion on “transient period” and “UE beam switching time (beam direction switch only)”.
· Value(s) for the SRS antenna switching gap should be defined for 480 and 960kHz SCS.

	[Lenovo/MotM, 17]
	Observation 1: For supporting NR from 52.6 GHz to 71 GHz in Rel. 17, with higher subcarrier spacings (numerologies) such as 960kHz for SSB, beam switching issue would appear between the contiguous SSB beams since the CP length would not be enough for beam switching, and an extra gap might be needed to prevent performance degradation
Observation 2: For NR operation between 52.6 GHz and 71 GHz, the new indicated common TCI state may not be applicable for the scheduled PDSCHs even the PDSCHs are received after the application time when the UE cannot switch it RX beams to the new indicated common TCI state between two continuous PDSCH transmissions 
Proposal 1: For supporting NR from 52.6 GHz to 71 GHz in Rel. 17, for higher subcarrier spacings (numerologies) such as 960kHz for SSB, to allow the beam switching between contiguous SSBs and between SSB and CORESET#0, a gap (for example a symbol gap or post-fix) should be supported for beam switching at least for 960kHz

	[InterDigital, 18]
	Observation 6: When multiple PDSCHs are scheduled by a single DCI, suitable slot level or symbol level gaps between the scheduled PDSCHs could be used to switch the QCL assumption in between reception of the first and the last scheduled PDSCHs. 

	[Qualcomm, 22]
	Proposal 1: Introduce a minimum interval between start of two consecutive beam switches.
· The value can be X symbols per SCS and can be UE capability. 
Proposal 2: Introduce explicit beam switch gaps at least in the following scenarios for 480 and 960 KHz SCSs.
· Between different SSBs.
· Between CSI-RS resources in a resource set with higher layer parameter Repetition configured as ON.



Summary of views
	#
	Issue
	Companies’ views

	4.1
	Introduction of beam switching gap or scheduling restriction
	Beam switching gap: NEC, CATT, Samsung, IDCC, Qualcomm
· [NEC]: A gap for beam switching or directional LBT should be introduced for multiple QCL assumption in multiple-PDSCH scheduling.
· [Lenovo/MotM]: For supporting NR from 52.6 GHz to 71 GHz in Rel. 17, for higher subcarrier spacings (numerologies) such as 960kHz for SSB, to allow the beam switching between contiguous SSBs and between SSB and CORESET#0, a gap (for example a symbol gap or post-fix) should be supported for beam switching at least for 960kHz.
Scheduling restriction: Huawei/HiSi, FUTUREWEI
· [Huawei/HiSi]: For 960 kHz and 480 kHz SCS, current scheduling restrictions cannot protect the reception or transmission of a signal with a higher priority when an adjacent symbol carries a signal with a lower priority and using a different beam.
· [FUTUREWEI]: For both 480 kHz and 960 kHz SCS, UE is not expected to be able receive downlink data or control channel or reference signals with different QCL-TypeD properties on adjacent symbols within a slot if that exceeds its signaled beam switch capability.
UE capability: Ericsson
· [Ericsson]: To allow efficient configuration of reference signal resource sets for beam management for 480/960 kHz SCS, RAN1 should further discuss the introduction of some form of UE capability signalling that can provide the network with knowledge related to the UE beam switch time (on the order of 10s of ns, rather than 10s or 100s of OFDM symbols).
Hold the discussion: Docomo
· [Docomo]: For timing parameters associated with beam based operation,
· For beam switching between SRS/PUCCH/PUSCH, whether/how to define the beam switching gap depends on RAN4 conclusion on “transient period” and “UE beam switching time (beam direction switch only)”.
· Value(s) for the SRS antenna switching gap should be defined for 480 and 960kHz SCS.
No: ZTE/Sanechips 
· [ZTE/Sanechips]: Rel-15/16 NR specifications have enough flexibility to support beam switching for non-SSB channels/signals even if the lengths of CP are not enough for beam switching

	4.2
	Introduction of SRS antenna switching gap
	Value(s) for the SRS antenna switching gap should be defined for 480 and 960 kHz SCS: Docomo
Table: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2






1st round discussion
Observation 4
No proposal supported by majority companies is observed by the moderator. Please answer following questions.
Q1. Do you think RAN1 needs to hold the discussion for beam switching gap/scheduling restrictions until RAN4 conclusion on transient period?
Q2. If not, please share your views on whether/how to support beam switching gaps/scheduling restrictions.
Q3. Please share your views on whether to support SRS antenna switching gap for new SCSs.

	Company
	Input

	Ericsson
	Q1: It is not clear to us what is the intended scope of the discussion on beam switching gap/scheduling restrictions. It seems that different companies have different ideas in mind. Could the moderator try to focus the discussion to a particular case or set of cases? Until there is an issue that has been clearly identified, then we suggest to hold discussion.
Q3: Regarding the minimum guard time between SRS resources for antenna switching, the values of Y are based on RAN4 requirements. Hence, RAN1 should wait until RAN4 discusses this issue.

	Lenovo, Motorola Mobility
	Q1: We agree to postpone the discussion until a feedback from RAN4 is received

	Nokia/NSB
	Q1: similar view as Ericsson
Q3: this should be based on RAN4 decision.

	Qualcomm
	[bookmark: _Hlk84853360]Q1: Prefer not to wait given the limited remaining time. 
Q2: Below are our preference, which can be UE capability
· 1 symbol gap for both 480 and 960 kHz at least 
· Between adjacent SSBs
· Between adjacent CSI-RS resources in a resource set with higher layer parameter Repetition as ON (for Rx beam sweep)
· Between adjacent DL symbols with different QCL-TypeD sources
· Between adjacent UL symbols with different spatial relation RSs
· 2, 4, 8 symbol gap for 240, 480, and 960 kHz between DL and UL switching
Q3: Support, the gap should also be scaled based on SCS

	Samsung
	Q1: We prefer to wait until a feedback from Ran4 is received.

	Huawei, HiSilicon
	Q1: We don’t think RAN1 should hold the discussion for beam switching gap/scheduling restrictions until RAN4 reach a conclusion on transient period. Up to 200ns beam switch time at the UE side is suggested in ongoing discussions in RAN4. Even if the 100ns beam switching gap is agreed, this cannot be absorbed the CP length of 73ns in 960kHz. Also, considering other impairments such as effects of channel dispersion, synchronization errors, and gNB MIMO TAE, 146ns CP in 480 kHz does not seem to be enough. We think that it is quite clear already that some scheduling restrictions are required at least for 960 kHz. If we wait for RAN4, we essentially have to take on this important issue entirely in the maintenance phase. We don’t think this would be such a good idea.

Q2: Scheduling restrictions should be supported for 960 kHz and 480 kHz. In our view, for 960 kHz and 480 kHz, UE should not be scheduled/configured with a signal/channel with a lower priority on one symbol before to and one symbol after of a signal/channel with a higher priority and a different QCL-D assumption.

Q3: This can be discussed as a part of Q2.

	LG Electronics
	Q1: As we introduced beam switching gap (at least 1 symbol) for adjacent SSBs in the last meeting, we can consider to support symbol-level beam switching gap between DL signals/channel or between UL signals/channels, before RAN4 reply to RAN1’s LS.
Q3: As Ericsson pointed out, we also think gap between SRSs need to be investigated in RAN4. On the other hand, we can consider at least 1 symbol gap for 960 kHz for the examples from Qualcomm.

	Intel
	Q1: We are ok to postpone this discussion

	Xiaomi
	Q1: We think this discussion should be holded until the feedback from RAN4.

	Futurewei
	Q1: We prefer not to wait for RAN4 at this juncture. 
Q2: We prefer to have some behavior specified for the UE when it is presented with adjacent symbol reception and beam switching in 960 kHz and possibly 480 kHz. This would be an extension analogous to the UE behavior specified in FR 2-1 for beam collision scenarios such as overlapping PDCCH/PDSCH with different QCL-D and overlapping PDCCH/PDCCH with different QCL-D. We are also open to provisioning explicit symbol gaps.
Q3: We are open to discuss this together with explicit provisioning of gaps in Q2.


	DOCOMO
	Q1: We think RAN1 should start the discussion without waiting for RAN4.
Q2: Support.
Q3: Support. We think the value for 480/960 kHz SCS should be defined to make the SRS antenna switching gap values complete.



1st round discussion summary 
This is a summary of the current status for introduction of beam switching gap/scheduling restriction. 
· Support: Qualcomm, Huawei/HiSi, LGE, Futurewei
· Hold the discussion: Ericsson, Lenovo/MotM, Nokia/NSB, Samsung, Intel, Xiaomi
Following is a view from the moderator:
· As a moderator, I am not sure that we can hold the discussion until RAN4’s feedback. RAN4 does not have a meeting in this cycle and upcoming meeting is RAN4#101-e in 11/01/21 – 11/12/21. The schedule means that we can have the response in RAN1#107-e if RAN4 decides it in the upcoming meeting. If not, the response will be further delayed. Given the situation, I agree with Qualcomm that it would be better to decide this meeting if any specification support is needed. Otherwise, there will be not much time to discuss actual specification detail. Given the situation, the moderator does not prefer to hold the discussion. 
· However, as I commented to Ericsson, the moderator could not observe any majority proposal to focus on as the contributions are focusing on different use cases. If there’s no consensus on any major use cases, I feel that there would be no way to support any specification support. 

2nd round discussion
Having said that, the moderator provides following alternatives:
· Alt-1: Support any specification support on beam switching gap/scheduling restriction
· If you support this alternative, please identify use cases and required specification impacts. The following is an example from Qualcomm. 
	Below are our preference, which can be UE capability
· 1 symbol gap for both 480 and 960 kHz at least 
· Between adjacent SSBs
· Between adjacent CSI-RS resources in a resource set with higher layer parameter Repetition as ON (for Rx beam sweep)
· Between adjacent DL symbols with different QCL-TypeD sources
· Between adjacent UL symbols with different spatial relation RSs
· 2, 4, 8 symbol gap for 240, 480, and 960 kHz between DL and UL switching



· Alt-2: No consensus on the support of beam switching gap/scheduling restriction in Rel-17. 
· The moderator believes that no specification support would be an only way if there’s no majority proposal. 
Please share your preference on Alt-1 and Alt-2. If you support Alt-1, please make sure to provide use cases and required specification impacts.

	Company
	Input

	LG Electronics
	We support Alt-1 and the following X symbol gap can be defined:
· X (FFS for X) symbol gap for both 480 and 960 kHz at least 
· Between adjacent DL symbols/channels with different QCL-TypeD sources
· Between adjacent UL symbols/channels with different spatial relation RSs


	ZTE, Sanechips
	We support Alt-2.

	CATT
	We support Alt-2.

	Transsion
	We support Alt-2

	DOCOMO
	We support Alt-1. As many companies mentioned in the first round, the CP length will not be able to cover the time needed for beam switching for 480/960 kHz SCS. For the example cases proposed by Qualcomm, we think the first bullet for adjacent SSBs should be removed since 3-symbol gap between adjacent SSBs is agreed already. Furthermore, we still believe guard symbols for SRS antenna switching should also be considered. We would like to point out that RAN4 defines the requirement for SRS antenna switching for FR1 only now, while RAN1 defines guard symbols even for 120kHz SCS. This fact implies that guard symbols for FR2-1 was specified without RAN4 requirement for the FR, rather it was specified based on FR1 requirement. Following this approach, we believe guard symbols for 480 and 960 kHz SCS should be defined in RAN1 in Rel-17, regardless of RAN4 activity. We agree with Qualcomm approach (scaling based on SCS).

	Lenovo, Motorola Mobility
	We prefer Alt-1

	Qualcomm
	Support Alt-1. Btw, the 7 us DL/UL switching time is already agreed in RAN4 according to our RAN4 colleague. The 2, 4, 8 symbol gap in Alt1 is based on the agreement.  

Agreement
· Proposal 1:  60 GHz UE requires 7.015 µsec for TX/RX beam switching for all SCS




	Intel
	We support Alt-2.
We acknowledge that time gaps may be needed for beam switching. However, our view is that it’s possible to provide necessary beam switching gaps relying on existing frameworks, for example, rate matching (RM) configuration or the use of multiple ZP-CSI-RS resources with RE patterns interlacing in the frequency domain (to effectively exclude the entire OFDM symbol from PDSCH transmission).

	Apple 
	Alt.1. We support use cases listed by Qualcomm except the SSB gap has been agreed in initial access session and should be excluded. 

In addition, Alt.2 apparently is incorrect as it is contradicted with RAN4 agreement cited by Qualcomm. RAN4 already agreed that TX/RX beam switching is needed, and the value is 7.015us. While Alt.2 states that ‘No consensus on the support of beam switching gap/scheduling restriction’ since RAN4 has concluded to support this value and it should considered as scheduling restriction. The exact way to implement this restriction e.g., ZP-CSI-RS or RM pattern can be up to gNB, but it should be clearly that restriction is needed per RAN4 agreement. 

Our understanding on Qualcomm Proposal is that it is quantified the RAN4 absolute value into symbol granularity. Otherwise, we even do not need the 2nd bullet and the value agreed by RAN4 should be fulfilled in any case of DL/UL Beam Switching.  

	Samsung
	We do not object to support on beam switching gap/scheduling restriction, but we prefer to wait for Ran4’s reply. However, given the situation as the moderator commented, we are open to discuss in this meeting. In our view, PDCCH/PDSCH overlapping with different QCL-D should be considered.

	Moderator
	This is an intermediate summary from the moderator. 
· Alt-1: LGE, Docomo, Lenovo/MotM, Qualcomm, Apple
· Alt-2: ZTE/Sanechips, CATT, Transsion, Intel
As shown, the moderator could not observe any majority support yet. 
Other companies’ inputs are requested if they did not express their views yet. 

	Ericsson
	We think that Alt-2 is a bit strong in that we should not prevent discussion for Rel-17; we are fine with discussing the issues. However, we strongly feel that more progress is needed in RAN4 so the issues can be treated holistically in RAN1. We understand that the next RAN4 meeting ends just as the last RAN1 meeting of the WI begins in November, which may mean that some issues need to be discussed in maintenance. But is it better that RAN1 has a clear view based on RAN4 feedback than to take guesses at this point. 
In summary, we propose to defer discussion for now, but revisit if necessary once the picture from RAN4 is more clear.

	NEC
	We support Alt-1 at least for the case adjacent DL symbols/channels with different QCL assumptions as the CP length would not be enough for beam switching at least for 960 kHz SCS.


	Moderator
	Based on the inputs, the moderator believes that support UE capability signaling for beam switching time and handling the beam switching time based on gNB implementation is an only way to progress. Having said that, the moderator provides proposal 4. Please provide your inputs on proposal 4. 



Proposal 4
Support UE capability signaling for following cases:
· Beam switching time between DL signals/channels with different QCL Type-D source RSs
· The UE does not expect to receive adjacent DL signals/channels within the indicated beam switching time
· FFS: Which DL signals/channels should be supported
· Beam switching time between UL signals/channels with different spatial relation RSs
· The UE does not expect to transmit adjacent UL signals/channels within the indicated beam switching time
· FFS: Which UL signals/channels should be supported

Proposal 4a
Support UE capability signaling for following cases:
· Beam switching time between DL signals/channels with different QCL Type-D source RSs
· The UE does not expect to receive adjacent DL signals/channels within the indicated beam switching time
· FFS: Which DL signals/channels should be supported
· FFS: Whether apply the same beam switching time between DL signals/channels without or with same QCL Type-D source RS, e.g. between SSBs, between CSI-RS resources in resource set with Repetition ON
· Beam switching time between UL signals/channels with different spatial relation RSs
· The UE does not expect to transmit adjacent UL signals/channels within the indicated beam switching time
· FFS: Which UL signals/channels should be supported

Proposal 4b
Support UE capability signaling for following cases:
· Beam switching time between DL signals/channels with different QCL Type-D source RSs
· The UE does not expect to receive adjacent DL signals/channels within the indicated beam switching time
· FFS: Which DL signals/channels should be supported
· FFS: Whether apply the same beam switching time between CSI-RS resources DL signals/channels without QCL Type-D source RS or between DL signals/channels with same QCL Type-D source RS, e.g. between SSBs, between CSI-RS resources in resource set with Repetition ON
· Beam switching time between UL signals/channels with different spatial relation RSs
· The UE does not expect to transmit adjacent UL signals/channels within the indicated beam switching time
· FFS: Which UL signals/channels should be supported

	Company
	Input

	Intel
	We are fine with Proposal 4

	Futurewei
	We support Proposal 4 in spirit. We think to be more accurate we can say:
·  The UE does not expect to receive such DL signals/channels on a pair of symbols whenever the time gap between those symbols is less than the indicated beam switching time minus the CP length
Similar comment applies to UL case.
The UE does not expect to transmit such UL signals/channels on a pair of symbols whenever the time gap between those symbols is less than the indicated beam switching time minus the CP length

	LG Electronics
	We are fine with Proposal 4, but do not support modification from Futurewei. We haven’t decided the unit of beam switching time yet and don’t need to account for CP length.

	Moderator
	@Futurewei: The moderator tends to agree with LG. The detailed aspects can be further discussed later based on the FFS points. 

	Nokia/NSB
	We don’t think there is consensus on the issue. 

	Futurewei-2
	We can live with this proposal for the sake of progress. Our intention was to clarify the proposal (to cover at-least the necessary condition for the UE not being able to receive adjacent symbols with different QCL-D: actual switching time cannot be accommodated in the CP length).  

	MediaTek
	Thanks FL for the suggested proposal. One clarification question: what should be the relation between the beam switching capability UE signals and the (future) RAN4 requirements? For example, can UE signals a smaller gap than RAN4 requirements? Or can UE signals a much larger gap than RAN4 requirements? Or those are FFS if this proposal is supported?

	Qualcomm
	Support Proposal 4 with the following FFS, which may also require Rx beam switch.


Support UE capability signaling for following cases:
· Beam switching time between DL signals/channels with different QCL Type-D source RSs
· The UE does not expect to receive adjacent DL signals/channels within the indicated beam switching time
· FFS: Which DL signals/channels should be supported
· FFS: Whether apply the same beam switching time between DL signals/channels without or with same QCL Type-D source RS, e.g. between SSBs, between CSI-RS resources in resource set with Repetition ON
· Beam switching time between UL signals/channels with different spatial relation RSs
· The UE does not expect to transmit adjacent UL signals/channels within the indicated beam switching time
FFS: Which UL signals/channels should be supported

	 
	

	Moderator
	@Futurewei: Thanks for the flexibility. I think we can clarify it in further discussion.
@MediaTek: I think signaling details should be discussed in UE capability session.
@Qualcomm: Proposal 4a is added based on your proposal. 

	Huawei, HiSilicon
	Although we think that scheduling restriction is necessary, we can accept introducing a UE capability as our FL suggested.  

Proposal:
· Regarding beam switch time, support the following
· Support a UE capability signaling for beam switch time.
· Within each slot, UE is not expected to be scheduled/configured with a signal/channel on one symbol before to and one symbol after of another signal/channel if the signals/channels have two different QCL-D assumptions and the indicated beam switch time of UE is larger than X us.
· FFS: Value of X and whether it depends on the CP time of the operating SCS. 


	Ericsson
	Agree with comment from Nokia.
We still feel that more clarity is needed from RAN4. Why is it necessary to jump the gun on this?

	DOCOMO
	We support Proposal 4 but we are not sure about the intention to add the FFS proposed by Qualcomm, especially the “without or with same QCL Type-D source RS”. Can Qualcomm explain it a bit clearer? Is there any difference for “with different QCL Type-D source RSs” in the main bullet and the “without same QCL Type-D source RS” in the added FFS?

	Xiaomi
	Support proposal 4a
And the problem mentioned by the new added FFS in red should be discussed for UL case too, that is whether to apply the same beam switching time between UL signals/channels without or with same spatial relation.

	Samsung
	We are fine with Proposal 4a

	Ericsson2
	@Yan: Thanks for your explanation provided by email (I have copied below). I understand that the UE may try to tune its Rx beam based on multiple occasions of the same SSB index, and that the consequence is that the Rx beam would vary across adjacent SSB beams. That might happened even if the UE is not trying to refine it’s Rx beam. However, if the UE provides a capability to the network about this, what is the gNB supposed to do with this information? It cannot change the SSB pattern, and it cannot configure anything else differently to help the UE with long Rx beam switch time.   
Because UE may beam sweep across different occasions of same SSB ID to refine Rx beam for that SSB ID. So the Rx beam may vary across adjacent SSBs, which have no QCL-TypeD source.
I agree that it might make sense that the UE provide capability on beam switch time for the case of CSI-RS in a set configured with repetition = “ON.” In this case, the gNB could actually do something with the capability information, e.g., configure a gap between the CSI-RS resources in the set. But for SSB, reporting capability information seems quite useless.

@Seonwook: Thank-you for your suggestion by email on how to clarify the FFS. Based on the above comment to Yan, I would suggest the following:
· FFS: Whether apply the same beam switching time between DL signals/channels with same QCL Type-D source RS, e.g., CSI-RS resources in a set configured with repetition = ON
@All. As we commented earlier, we are not opposed to defining a capability; however, we think it is premature to be making agreements when we have not yet had feedback from RAN4. Hence, we think that Proposal 4a should be an FFS on whether or not to include a capability. Then we can see if there is some feedback from RAN4 in the next meeting. If not, then we can agree to a capability during RAN1#107 as a place holder to be further defined during maintenance during which time RAN4 will provide feedback (since they have one addition quarter compared to RAN1).
Updated proposal
FFS: Whether/how to support UE capability signaling for following cases:
· Beam switching time between DL signals/channels with different QCL Type-D source RSs
· The UE does not expect to receive adjacent DL signals/channels within the indicated beam switching time
· FFS: Which DL signals/channels should be supported to which this should apply
· FFS: Whether this also applies to the same beam switching time between DL signals/channels without or with same QCL Type-D source RS, e.g.,between SSBs, between CSI-RS resources in resource set configured with repetition ON
· Beam switching time between UL signals/channels with different spatial relation RSs
· The UE does not expect to transmit adjacent UL signals/channels within the indicated beam switching time
· FFS: Which UL signals/channels should be supported to which this should apply


	Moderator
	@All: The moderator provided Proposal 4b based on the comments from email discussion. The revised FFS from Qualcomm is reflected. 
@Ericsson: In my view, the moderator believes that Proposal 4b is not premature considering following aspects. 
· We already studied this aspect during whole Rel-17 and discussed similar proposal in RAN1#106-e. 
· As Qualcomm captured in the discussion, RAN4 already made following agreement.
Agreement
· Proposal 1:  60 GHz UE requires 7.015 µsec for TX/RX beam switching for all SCS
     Having said that, what would be the reason to delay the discussion? Is it because we couldn’t receive the LS yet?

	LG Electronics
	We are OK with Proposal 4b.

	Huawei, HiSilicon
	While it seems that defining UE capability has the majority support and we can accept it, we are not sure we fully understand what Proposal 4 (and its variation Proposal 4a and the proposal by Ericsson) actually mean: All the proposed variations have these following two sub-bullets which, in our view, are vague and problematic:
· The UE does not expect to receive adjacent DL signals/channels within the indicated beam switching time
· The UE does not expect to transmit adjacent UL signals/channels within the indicated beam switching time

Let’s assume UE report 100ns beam switch time and operates in 960 kHz with 72 ns CP. Let’s only consider the UL case (DL case has a similar issue). The way that the proposals are currently written, they mean that if UE is scheduled to transmit in OS#n with beam 1 and OS#n+1 with beam 2 (different from beam 1), then UE does not transmit in the last 100ns of OS#n (or the first 100 ns of OS#n+1) and leaves this 100 ns for beam switch time. We don’t think that such a solution would be feasible and if the indicated beam switch time is larger than X (X can depend on the SCS, for instance X = 50 ns for 960 kHz and X =100 ns for 480 kHz), one symbol gap needs to be used. In other words, we cannot devise a “fraction of an OFDM symbol” gap. As such, we would like to reiterate our earlier proposal while adding Ericsson’s suggested FFS:
Proposal:
· Regarding beam switch time, support the following
· Support a UE capability signaling for beam switch time.
· Within each slot, UE is not expected to be scheduled/configured with a signal/channel on one symbol before to and one symbol after of another signal/channel if the signals/channels have two different QCL-D assumptions and the indicated beam switch time of UE is larger than X us ns.
· FFS: Value of X and whether it depends on the CP time of the operating SCS (eg X =[60] ns for 960 kHz and X=[120] ns for 480 kHz SCS). 
· FFS: Whether this also applies to the same beam switching time between DL signals/channels without or with same QCL Type-D source RS, e.g.,between SSBs, between CSI-RS resources in resource set configured with repetition ON



	Apple
	The proposal from Huawei sounds reasonable for us to avoid fractional symbol generation and RF handling/gating operation, which creates unnecessary trouble for both base band and RF, especially UL. From this regard, ‘symbol’ granularity for gap is needed. 


	Lenovo, Motorola Mobility
	We support the proposal provided by Huawei




Proposal 4c
The minimum guard period Y between two SRS resources of an SRS resource set for antenna switching is supported for 480 kHz and 960 kHz
· FFS: values of Y

Proposal 4d
Like in Rel-15, Thea minimum guard period Y between two SRS resources of an SRS resource set for antenna switching is supported for 480 kHz and 960 kHz
· FFS: values of Y dependent on RAN4 feedback on the switching time requirement. 

	Company
	Input

	Moderator
	Based on the offline request and the 1st round discussion, the moderator provided Proposal 4c. Please provide your company input. 

	LG Electronics
	We share the necessity on the discussion of guard symbols between SRSs for new SCSs. But, will the value of Y be decided by RAN1 or RAN4?

	Qualcomm
	Support 4c

	Ericsson
	In Rel-15, RAN4 supplied the time requirement for SRS antenna switching, and RAN1 decided on a value in terms of # of symbols. The same approach will undoubtably be followed here. Hence we recommend the following change:

Like in Rel-15, a minimum guard period Y between two SRS resources of an SRS resource set for antenna switching is supported for 480 kHz and 960 kHz
· FFS: values of Y dependent on RAN4 feedback on the switching time requirement


	DOCOMO
	Support 4c. This is important to support DL CSI acquisition by SRS in 52.6-71GHz. 
For the question raised by LGE, we think Y should be determined in RAN1 as it is specified in 38.214, while it may surely be dependent on RAN4 requirements. 
We would like to point out that, even for FR2-1, RAN4 does not specify any requirements for SRS antenna switching, while RAN1 specifies guard symbols for SRS antenna switching with 120kHz SCS. Thus we think we may need to proceed with this discussion without RAN4 progress. To send an LS to RAN4 asking about it (e.g. request to specify corresponding requirements, or ask for the guidance from RAN4 perspective) would also be fine for us.

	Samsung
	Support the proposal

	ZTE,Sanechips
	We think it is unnecessary to introduce any beam switching gap or scheduling restriction, configuration implementation can solve the problem of beam switching. But for the sake of progress, we can support to introduce UE capability signaling if most companies agree.

	Lenovo, Motorola Mobility
	We see the necessity of having guard symbols between SRS and agree with Ericsson’s change to include the dependency on RAN4 feedback.

	Intel
	Agree with Proposal 4c

	Nokia/NSB
	We are fine with Ericsson update. 

	Moderator
	@Ericsson: Honestly, I don’t see big difference between two proposals, but I added your proposal as Proposal 4d. 
@ZTE/Sanechips: This is not to introduce new beam switching gap. This is the existing specification, but values are not defined for new SCSs. Please check 6.2.1.2 of TS38.214. 

Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2






2nd round discussion summary
TBU

Multiple QCL Assumptions for Multiple PDSCHs/PUSCHs
Multiple QCL assumptions based on timeDurationForQCL for single TRP and multi-TRP
Observations and Proposals from Contributions

	Company
	Observations and Proposals from Contributions

	[Huawei/HiSi, 1]
	Observation 2: In the slots with offset smaller than timeDurationForQCL, UE may receive and buffer signals in each slot using a different beam associated with the lowest CORESET ID of the latest monitored slot.
Proposal 7: For multi-PDSCHs scheduled by a single DCI, when a PDSCH scheduling offset is less than timeDurationForQCL, UE receives the PDSCH with the same QCL assumption used to monitor the CORESET with the lowest controlResourceSetId in the latest slot that precedes the PDSCH and in which one or more CORESETs are monitored by the UE (Case 2 Alt 2 in RAN1 106-e Agreement). 
Proposal 8: For multi-PDSCHs scheduled by a single DCI, when some of PDSCHs collide with semi-static UL symbols and skipped, no additional QCL assumption specification is required for the remaining non-colliding PDSCHs.

	[FUTUREWEI, 2]
	Proposal 6: For Case-2, default QCL assumption is derived using a configured value of the first scheduled PDSCH slot offset, i.e., configured choice of the slot containing PDSCH with the smallest scheduling offset. The default QCL assumption derived for this PDSCH slot, is the same as that specified in Rel. 16 for single-PDSCH scheduling when the scheduling offset is less than timeDurationForQCL.
  	FFS: Details of configured value.
Proposal 7: Any PDSCH whose one or more symbols collide with  semi-statically configured UL symbols is ignored for the purpose of QCL determination. The remaining symbols of that PDSCH can be regarded as gap symbols.

	[Spreadtrum, 3]
	Proposal 4: For PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL, support Alt 1 where Single QCL assumption is applied for all scheduled PDSCHs.

	[ZTE/Sanechips, 4]
	Proposal 4: If all PDSCHs scheduled by a single DCI with scheduling offsets less than the threshold timeDurationForQCL, same default QCL assumption(s) can be adopted.
· All scheduled PDSCHs follows a same default QCL assumption as the first PDSCH
Proposal 5: If some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL
· All PDSCH(s) that has scheduling offset less than timeDurationForQCL follows a same default QCL assumption, as given in Proposal 4
· All PDSCH(s) that has scheduling offset equal to or greater than timeDurationForQCL follows a same QCL assumption
Proposal 6: When some of PDSCHs are collided with semi-static UL symbols, the following can be considered:
· These PDSCHs can be skipped when determining the scheduling offset from the scheduled PDSCH to the scheduling PDCCH
The first PDSCH for deriving default QCL assumption should be a first non-collided PDSCH
Proposal 7: For multi-PDSCH scheduling with M-DCI based mechanism, each TRP in multi-TRP can adopt the same method of QCL acquisition as for single-TRP.
Proposal 8: For multi-PDSCH scheduling with S-DCI based mechanism, the same method of QCL acquisition as for single-TRP can be applied, including:
· All PDSCH(s) that has scheduling offset less than timeDurationForQCL follows a same default QCL assumption
· All PDSCH(s) that has scheduling offset equal to or greater than timeDurationForQCL follows a same QCL assumption

	[vivo, 5]
	Proposal 3:	Support Alt1 (single QCL assumption is applied for all scheduled PDSCHs) for default beam determination of Multi-PDSCHs when PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL.
Proposal 4:	PDSCH skipping does not affect the original default beam rule.
Proposal 5:	Legacy default beam behavior in Rel16 can be reused for Multi-PDSCHs scheduling in the scenario of M-TRP.

	[OPPO, 6]
	Proposal 2: For multiple PDSCHs/PUSCHs scheduled by a single DCI for single TRP, if the offset between the reception of the DL DCI and any scheduled PDSCH is less than the threshold timeDurationForQCL, the UE shall follow the QCL assumption of the CORESET on the latest slot to determine the QCL assumption of each PDSCH.

	[NEC, 7]
	Proposal 1: For case 2 PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL, the current Rel-16 behavior can be directly extended to multiple-PDSCH scheduling, and Alt 2 multiple QCL assumption can be supported for multiple-PDSCH transmission.

	[CATT, 8]
	Observation 3: For the case 2, two options could be selected for multi-PDSCH scheduled by single DCI, and they could achieve reception gain in different scenarios. The scenarios benefit to Alt1 could be easily satisfied by gNB scheduling. And considering UE complexity, Alt1 is preferred than Alt2.
Proposal 6: When some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL and some have scheduling offset equal to or greater than timeDurationForQCL, Alt-1 below should be supported.
· Alt 1: Single QCL assumption is applied for all scheduled PDSCHs. The scheduled PDSCHs quasi co-located with the RS(s) based on the activated TCI states in the first slot with the scheduled PDSCH.
· Alt 2: Multiple QCL assumptions are applied. The scheduled PDSCHs quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the indicated TCI state in DCI.

	[Ericsson, 10]
	Proposal 1	QCL Indication for single-TRP operation
· In the RAN1#106-e agreement for single-TRP operation, Alt-1 is supported for Case 2, i.e., single QCL assumption is applied for all scheduled PDSCHs
· The single QCL assumption is given by the existing Rel-16 QCL assumption for single-PDSCH scheduling
· Note: The existing Rel-16 QCL assumption corresponds to the CORESET with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE
· For multi-PDSCH scheduling, the “latest slot” monitored by the UE for PDCCH is determined with respect to the earliest scheduled PDSCH that does not overlap any OFDM symbol classified as ‘U’ in the semi-static TDD DL/UL pattern


	[Nokia/NSB, 11]
	Proposal 4: Support single QCL assumption for the multi-PDSCH transmission in case of some of the PDSCHs are having lower scheduling offset than timeDurationForQCL.
Proposal 5: QCL assumption for the all the PDSCHs is the same as the one used for the first PDSCH in case of some of the PDSCHs are having lower scheduling offset than timeDurationForQCL. I.e. the same default QCL assumption for all scheduled PDSCHs as for the for the first PDSCH. 
Proposal 6: In multi-TRP case, single QCL assumption is applied for the multiple scheduled PDSCHs per TRP.

	[Samsung, 12]
	Proposal 5: Support Alt-2 of Case 2 (multi QCL assumptions). Use indicated QCL assumption if scheduling offset is equal or greater than timeDurationForQCL.

	[MediaTek, 13]
	Proposal 4: For the reception of multi-PDSCHs scheduled by a single DCI within the duration specified by timeDurationForQCL, current Rel-15/16 default beam assumption should be applied.

	[Intel, 14]
	Proposal 5: For Case 2 when PDSCH scheduling offset is less than timeDuraionForQCL, the UE should apply the default QCL assumption(s) which corresponds to one of the semi-statically configured PDSCH TCI states for the UE.
· FFS: Which TCI state from the dedicated UE configuration is the default.

	[NTT DOCOMO, 15]
	Proposal 2: For multi-PDSCH/PUSCH scheduled by single DCI for single TRP case, 
· Regardless of the offset between scheduling DCI and PDSCHs relative to timeDurationForQCL, TCI states for PDSCHs scheduled by a single DCI follows the TCI state applied for the first PDSCH.
· If the offset between the first PDSCH and PDCCH is less than timeDurationForQCL, default QCL assumption of the first PDSCH is same as CORESET with the lowest CORESETID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.

	[Sony, 16]
	Proposal 3	: For the case of single DCI scheduled multiple PDSCH of single-TRP, when any of the scheduled PDSCHs < timeDurationForQCL, UE applies the same default Rx beam from the 1st PDSCH to the last PDSCH.

	[Lenovo/MotM, 17]
	Proposal 3: For NR operation between 52.6 GHz and 71 GHz when multiple PDSCHs are scheduled via single DCI to be received from two TRPs (not all PDSCHs received from one TRP), then the duration for which each TCI state is valid should also be indicated
Proposal 4: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, specify enhancements to support multiple default beams association for multiple PDSCHs scheduled by single DCI:
· PDCCH CORESET can be associated with multiple QCL assumptions (beams) that can be used to determine multiple default beams based on lowest CORESET ID
Duration/applicability for each of the default beams can also be associated to allow UE to determine when to switch from one default beam to another during the duration of multiple PDSCH transmission
Proposal 5: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, if a UE is going to transmit a set of consecutive PUSCH transmissions including both dynamically scheduled PUSCH transmissions and CG-PUSCH transmissions, the UE can select the latest indicated UL Tx beam to transmit the consecutive UL CG and DG transmissions

	[InterDigital, 18]
	Observation 5: More performance gain can be achieved by using an optimized beam indicated by a TCI state field in DCI rather than using a default beam.
Proposal 4: Support multiple QCL assumptions (Alt 2) when PDSCH scheduling offset for any PDSCH < timeDurationForQCL (Case 2).
Observation 8: While multi-TRP scenarios are one of the important deployment scenarios, given the remaining time for Rel-17, it is preferred to minimize the required specification efforts as much as possible.
Proposal 6: To minimize the specification efforts, it is preferred to apply the identical TCI state determination mechanism as single TRP.
· When PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL (Case 1), support single QCL assumption (i.e., one TCI state for all PDSCHs from 1st TRP and another one TCI state for all PDSCHs from 2nd TRP).
When PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL (Case 2), RAN1 jointly decides whether to apply single QCL assumption (Alt 1) or multiple QCL assumption (Alt 2) for both single TRP and multi-TRP scenarios.

	[LGE, 19]
	Proposal #4: If PDSCH scheduling offset for any of PDSCHs scheduled by a single DCI is less than timeDurationForQCL (i.e., Case 2), the single QCL assumption is applied for all scheduled PDSCHs and is determined based on the lowest index CORESET in the latest slot from the first valid PDSCH (which is not collided with semi-static UL symbols).
Proposal #5: In order to determine Case 1 (i.e., PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL) or Case 2 (PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL), only valid PDSCHs are taken into account and PDSCHs skipped due to collision with semi-static UL symbols are excluded.

	[Apple, 20]
	Proposal 2: Support a mechanism to allow a single QCL assumption at least for multi-PDSCH scheduled by a single DCI that have scheduling offset less than timeDurationForQCL.  

	[Convida, 21]
	Proposal 2:  Alt-2 (i.e. multiple QCL assumptions are applied) is preferred when the scheduling offset shorter than timeDurationForQCL for single DCI scheduling multi-PDSCH with single TRP.

	[Qualcomm, 22]
	Proposal 8: In case of PDSCH scheduling offset for any scheduled PDSCH with offset < timeDurationForQCL, UE applies the single default PDSCH beam to remaining scheduled PDSCH with offset > timeDurationForQCL. 
· This is regardless of whether the indicated TCI state is same as the single default PDSCH beam or not.
Proposal 9: In case of mDCI mTRP for any scheduled PDSCH with offset < timeDurationForQCL, support a single default PDSCH beam applied to all PDSCHs scheduled by a DCI associated with a CORESET for a given CORESETPoolIndex.
· gNB can dynamically update the single default PDSCH beam per CORESETPoolIndex via MAC-CE.
Proposal 10: In case of sDCI mTRP for any scheduled PDSCH with offset < timeDurationForQCL, support the two default PDSCH beams defined in R16 to be applied to all PDSCHs scheduled by a DCI.
Proposal 11: Support new RRC parameter to indicate UE to follow either the R17 enhanced PDSCH default beam & QCL rule for multi-PDSCH scheduling or the corresponding R15/16 rule.
· The RRC parameter can be introduced separately for sTRP, sDCI mTRP, and mDCI mTRP.



Summary of views
In RAN1#106-e, the following agreements on QCL assumptions of PDSCH for single TRP are agreed.
	Agreement:
For the single TRP case, for multi-PDSCHs scheduled by a single DCI with a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· Case 1: PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL 
· Case 1-1: tci-PresentInDCI enabled 
· Single QCL assumption based on the indicated codepoint of the single DCI field ‘Transmission Configuration Indication’ is applied for all scheduled PDSCHs
· Case 1-2: tci-PresentInDCI not present 
· Single QCL assumption of the single scheduling DCI scheduled multi-PDSCHs is applied for all scheduled PDSCHs
· Case 2: PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
· Down select one of the following alternatives 
· Alt 1: Single QCL assumption is applied for all scheduled PDSCHs 
· FFS: Details of single QCL assumption
· Alt 2: multiple QCL assumptions are applied 
· FFS: Details of multiple QCL assumptions
· FFS: When some of PDSCHs are collided with semi-static UL symbols and then skipped
· FFS: The multi-TRP case



Based on the above agreement, the following companies’ views are observed.
	#
	Issue
	Companies’ views

	5.1
	Whether to support single QCL assumption or multiple QCL assumptions for Case 2


	Single QCL assumption (Alt 1): FUTUREWEI, Spreadtrum,  vivo, CATT, Ericsson, Nokia/NSB, Intel, NTT Docomo, Sony, LGE, Apple, Qualcomm 
· [Spreadtrum]: For Case 2, we don’t see any need to introduce multiple QCL assumptions. Single QCL assumption is enough and is the simplest solution. Specifically, the QCL corresponding lowest CORESET-id can be chosen as the default QCL assumption.
· [Sony]: For the case of single DCI scheduled multiple PDSCH of single-TRP, when any of the scheduled PDSCHs < timeDurationForQCL, UE applies the same default Rx beam from the 1st PDSCH to the last PDSCH.
Multiple QCL assumption (Alt 2): Huawei/HiSi, OPPO, NEC, Samsung, MediaTek, Lenovo/MotM, IDCC, Convida, ZTE/Sanechips (including multi-TRP),
· [Oppo]: For multiple PDSCHs/PUSCHs scheduled by a single DCI for single TRP, if the offset between the reception of the DL DCI and any scheduled PDSCH is less than the threshold timeDurationForQCL, the UE shall follow the QCL assumption of the CORESET on the latest slot to determine the QCL assumption of each PDSCH. 
· [NEC]: For case 2 PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL, the current Rel-16 behavior can be directly extended to multiple-PDSCH scheduling, and Alt 2 multiple QCL assumption can be supported for multiple-PDSCH transmission.
· [IDCC]: More performance gain can be achieved by using an optimized beam indicated by a TCI state field in DCI rather than using a default beam.
· [ZTE/Sanechips]: If some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL
· All PDSCH(s) that has scheduling offset less than timeDurationForQCL follows a same default QCL assumption, as given in Proposal 4
· All PDSCH(s) that has scheduling offset equal to or greater than timeDurationForQCL follows a same QCL assumption
· 

	5.2
	Handling of skipped PDSCHs due to collision with semi-static UL symbols
	No additional specification support: Huawei/HiSi, vivo, NTT Docomo
· [vivo]: PDSCH skipping does not affect the original default beam rule.
Ignore skipped PDSCH symbols: FUTUREWEI, ZTE/Sanechips, 
· [Futurewei]: Any PDSCH whose one or more symbols collide with semi-statically configured UL symbols is ignored for the purpose of QCL determination. The remaining symbols of that PDSCH can be regarded as gap symbols.



1st round discussion
Observation 5
No proposal supported by majority companies is observed for QCL assumptions based on timeDurationForQCL and handling of skipped PDSCHs due to collision with semi-static UL symbols. Please share your views on the following questions. 
Q1. Whether to support single QCL assumption or multiple QCL assumptions for case 2 for single TRP?
Q2. Whether to introduce new specification impacts to handle skipped PDSCHs due to collision with semi-static UL symbols. If needed, what would be the new specification impacts?

	Company
	Input

	OPPO
	We are fine to support single QCL assumption for case 2 for single TRP if majority wants to go this direction. Our original concern is that if there is a CORESET/SS set configured within the set of multi-PDSCH scheduled, single QCL assumption may result in a PDSCH reception cancellation if the CORESET TCI state is different from the single QCL assumption. Thus, enhancement could be done to improve this aspect. But single QCL assumption is also acceptable to us. 

	Ericsson
	Q1: We support single QCL assumption for simplicity. Furthermore, the QCL assumption can be based on a straightforward extension of the Rel-16 as follows:
· [bookmark: _Toc84001312]The single QCL assumption is given by the existing Rel-16 QCL assumption for single-PDSCH scheduling
· [bookmark: _Toc84001313]Note: The existing Rel-16 QCL assumption corresponds to the CORESET with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE

Regarding how to interpret the “latest slot” in the case of multi-PDSCH scheduling, a straightforward approach is as follows (let’s call this Alt-1):
· [bookmark: _Toc84001314]Alt-1: For multi-PDSCH scheduling, the “latest slot” monitored by the UE for PDCCH is determined with respect to the earliest scheduled PDSCH that does not overlap any OFDM symbol classified as ‘U’ in the semi-static TDD DL/UL pattern

The following could work too:
· Alt-2: For multi-PDSCH scheduling, the “latest slot” monitored by the UE for PDCCH is determined with respect to the earliest scheduled PDSCH regardless of potential overlap with any OFDM symbol classified as ‘U’ in the semi-static TDD DL/UL pattern

Q2: Please see the above two alternatives (Alt-1 and Alt-2) for how to handle this.

	Lenovo, Motorola Mobility
	Considering the limited remaining time, we are OK to consider a single QCL assumption.

	Vivo
	Q1: we support Single QCL assumption (Alt 1).
Q2: Two cases are defined in previous agreement. Case 1: PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL and Case 2: PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL. For a single DCI scheduled multi-PDSCH, it’s either case 1 or case 2. However, we don’t see any specification impact needed to handle “when some of PDSCHs are collided with semi-static UL symbols and then skipped”.


	Futurewei
	Q1: We appreciate the simplicity of single QCL operation and prefer using an approach that determines QCL-D based on a first scheduled PDSCH. Our concern is on UE determination of its first scheduled PDSCH in terms of how soon can it decode its DCI and retrieve the indicated row of the TDRA table. In case this operation itself imposes a delay of several slots, we prefer some simple specification in terms of UE assumption of its first scheduled PDSCH slot (which can be different from the actual first PDSCH slot indicated by the DCI). The latter will not require a UE to complete decoding of its DCI for the purposes of determining its default beam.

	Nokia/NSB
	Q1: support single QCL assumption. We don’t see any usecase having multiple QCL assumption other than repetition scheme. 
Q3: we can consider possible options similar as Ericsson proposals later. 

	MediaTek
	Q1: We prefer to adopt the same default beam assumption used in 
Rel-15/16. Otherwise, if a new behavior is adopted, how can UE know which default beam assumption need to apply before DCI decoding?
Q2: if Rel-15/16 default beam assumption can be adopted, we don’t see the need for further spec update.  

	Qualcomm
	Q1: Support single QCL assumption for selecting best beam to maximize SNR. We are also fine to have multiple QCL assumption, e.g. R15 default PDSCH beam rule, as baseline, i.e. gNB can configure UE which mode to use
Q2: We don’t see the need for new spec change

	Apple
	Q1: Support single QCL due to quite short slot duration with larger SCS. 
Q2: We do not see the additional specification impact for ‘PDSCH skipping’ due to collision with UL symbol indicated by semi-static as the following rule defined in TS 38.213 seems sufficient to handle this case: 
	For a set of symbols of a slot that are indicated to a UE as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL- ConfigurationDedicated, the UE does not receive PDCCH, PDSCH, or CSI-RS when the PDCCH, PDSCH, or CSI-RS overlaps, even partially, with the set of symbols of the slot. 




	Convida Wireless
	Rel-15/16 default beam can be considered for the baseline which the UE can determine the latest monitored slot and use the QCL assumption associated with the CORESET with lowest ID in that slot for the PDSCH reception QCL assumption. 

	Samsung
	Q1: Support multi QCL assumptions for Case2 for Single TRP to achieve better SNR.
Q2: We don’t see the need for new spec change

	Huawei, HiSilicon
	Q1: We support Alt 2 of Case 2 (multiple QCL assumptions are applied in the case of PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL) due to the following reasons:
1) In the case that some PDSCHs are before timeDurationForQCL and some after, we think using a single QCL assumption for all PDSCHs is quite sub-optimal. UE has to use default QCL assumptions(s) for the PDSCHs before timeDurationForQCL which are not necessarily associated with optimal beams for the corresponding PDSCHs. However, we don’t think it is well-justified to deprive UE from using the optimal QCL assumption (indicated by the TCI field in the scheduling DCI to receive PDSCHs after timeDurationForQCL) just because UE has used other default beam(s) for the PDSCHs before timeDurationForQCL.
2) We don’t think using a single default QCL assumption reduces UE processing complexity for the case that some scheduled PDSCH are before timeDurationForQCL. Let’s assume that DCI schedules 8 PDSCHs in 8 slots (which may even be non-consecutive slots and, hence, span a much longer set of slots) were one, some, or all of the scheduled PDSCHs are before timeDurationForQCL. It is quite likely that UE has to monitor CSS in some of the scheduled PDSCHs slots (or some slots within the span of the scheduled PDSCH slots) for, eg, CORESET#0. If we are tempted to use only a single default QCL assumption for all the scheduled slots under the pretext of simplifying UE operation, then we may need to also note that UE anyways has to change its receive beam to monitor CORESET#0 unless it always use the QCL assumption used for monitoring CORESET#0 as the default QCL assumption for all PDSCHs. Such an assumption would certainly be suboptimal. 
3) The definition of “timeDurationForQCL” is brought below:
	timeDurationForQCL
Defines minimum number of OFDM symbols required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing as described in TS 38.214 [12] clause 5.1.5. UE shall indicate one value of the minimum number of OFDM symbols per each subcarrier spacing of 60kHz and 120kHz.



Based on our understanding of the above definition, for up to timeDurationForQCL symbols after the last symbol of DCI arrives at UE buffer, it is undetermined whether or not UE has completed PDCCH reception which requires channel estimation for PDCCH, demodulation, decoding, and DCI content parse. In other words, for up to timeDurationForQCL symbols after the last symbol of DCI arrives at UE buffer, it is undetermined whether or not UE knows a DCI whose CRC scrambled by its C-RNTI has already arrived in its buffer. Of course, one may argue that it takes less than timeDurationForQCL symbols (let’s say X symbols) to decode the DCI as timeDurationForQCL symbols also include the time for DCI content parsing and applying spatial QCL information received in DCI for PDSCH processing. However, to our understanding, the value of X symbols is unspecified. The only thing that is guaranteed about its value is that X<= timeDurationForQCL. Therefore, any reasonable design should assume that X= timeDurationForQCL.
Given above, note that timeDurationForQCL for 480 and 960 kHz can be quite large in terms of number of slots. We already agreed to 28 symbols * 4 = 8 slots for 480 kHz and 28 symbols * 8 = 16 slots for 960 kHz. 
Now, let’s for the sake of argument, assume that UE’s  timeDurationForQCL is equal to  16 slots in 960 kHz. Let’s say a DCI whose CRC scrambled by UE’s RNTI arrives to UE’s buffer in some slot. This DCI schedules 8 PDSCHs in the 3rd slot, 4th slot, 5th slot,…, 10th slot after. However, considering that UE timeDurationForQCL is 16 slots, UE may know that that there is a DCI for it only at 16th slot after the DCI arrives at its buffer! So, for such a scenario, how is it possible to mandate the UE to use a “single QCL assumption” to receive PDSCHs that arrive in its buffer 3rd slot, 4th slot, 5th slot,…, 10th slot after the DCI arrived in its buffer when UE would know that there is a DCI in its buffer only after 16 slots? By the time that UE realizes that there is a DCI for it, all PDSCHs have already been buffered! For such scenario, during the time interval that UE is still unaware of the presence of a DCI in its buffer, the only choice for UE is to keep buffering the received signals using its default behavior: Each slot, including PDSCH slots, is buffered based on the QCL assumption of the lowest CORESET ID in the latest monitored slot.
Q2: In our view, no additional QCL assumption specification is required for the remaining non-colliding PDSCHs. Among all PDSCHs that have not collided with semi-static UL symbols, QCL assumption for the PDSCHs whose offsets are larger than timeDurationForQCL is derived from Case 1 in the Agreement in RAN1 106-e and the QCL assumption for PDSCHs whose offsets are smaller than timeDurationForQCL is the same as the QCL assumption of the lowest CORESET ID in the latest monitored slot.

	LG Electronics
	Q1: Support single QCL assumption to have a common behavior with Case 1.
Q2: The specification impact to handle invalid PDSCH may not exist as Apple pointed out. However, the main point of the previous FFS point regarding invalid PDSCH is, how to determine Case 1 or 2 if some PDSCHs are skipped, e.g., due to collision with semi-static UL symbols.
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Let’s take an example, as shown above. 4 PDSCHs are scheduled by a multi-PDSCH scheduling DCI but the first two PDSCHs are cancelled owing to the conflict with semi-static UL symbols. Then, if the scheduling offset from the DCI to the first two (but cancelled) PDSCHs are less than timeDurationForQCL but the scheduling offset from the DCI to the last two PDSCHs are larger than timeDurationForQCL, which between Case 1 and Case 2 will be applied? Our preference for that example is that UE applies Case 1.

	NEC
	Q1: For case 2, we think the same default beam assumption used in Rel-15/16 should be adopt, and multiple QCL assumptions can be applied, as the reference latest slot may be different for different PDSCH. Otherwise, new behavior should be introduced for multiple-PDSCH scheduling to determine which QCL assumption /TCI state should be applied for all the scheduled multiple PDSCHs, or which slot considered as the reference latest slot should be defined.
Q2: If Rel-15/16 default beam assumption can be adopted, we don’t see the need for further spec update.

	ZTE, Sanechips
	Q1: It should be clarified we in fact support Alt 2 ‘multiple QCL assumption’, so some changes were made to the table in 3.1.2. We think different scheduled PDSCH having different offsets can apply different QCL assumption, e.g. PDSCH(s) that has scheduling offset equal to or greater than timeDurationForQCL can follow the TCI state indicated by DCI.
Q2: We agree with Alt 1 provided by Ericsson, whether which has spec impacts can FFS.

	Intel
	Q1: We support single QCL assumption
Q2: We don’t understand why it’s needed “to introduce new specification impacts to handle skipped PDSCHs due to collision with semi-static UL symbols”.

	Xiaomi
	Q1: Support single QCL assumption for case 2 for single TRP
Q2: No need to introduce new specification impacts to handle skipped PDSCHs due to collision with semi-static UL symbols. And for the case mentioned by LG, we think the already agreed QCL assumption can handle this.

	LG Electronics
	Question to Xiaomi: Thanks for the response to our view. If already agreed QCL assumption can handle the case we pointed out, what is your view to our example (i.e., between Case 1 and Case 2)?

	Transsion
	Q1: We support single QCL assumption.
Q2: We don’t see the necessity to change the spec. 

	DOCOMO
	Q1: Support single QCL assumption for case 2.
Q2: We share similar view as Ericsson that the key point of Q2 is whether the single QCL assumption is determined based on slot offset between the first scheduled PDSCH or first valid PDSCH. From simplicity perspective, we think the single QCL assumption can be determined based on slot offset between the first scheduled PDSCH, i.e. Alt 2 proposed by Ericsson. We think no special handling needs to be defined with Alt 2. 

	Moderator
	The following is a summary of the inputs on Q1.
· Single QCL assumption: Ericsson, Lenovo/MotM, vivo, Nokia/NSB, Qualcomm, Apple, LGE, Intel, Xiaomi, Transsion, Docomo
· Multiple QCL assumptions: Convida, Samsung, Huawei/HiSi, MediaTek, NEC, ZTE/Sanechips
Based on the summary, the moderator observed single QCL assumption as a majority view. Having said that, the moderator provides proposal 5. Please note that the moderator copied Ericsson’s alternatives for the definition of the latest slot (Alt-2 and Alt-3). If there’s any other views than the alternatives, please share your views. 
@Futurewei: What would be the meaning of “we prefer some simple specification in terms of UE assumption of its first scheduled PDSCH slot (which can be different from the actual first PDSCH slot indicated by the DCI).”? Could you please explain?
The following is a summary of the inputs on Q2.
· No spec enhancement is needed: vivo, Apple, Samsung, Huawei/HiSi, Xiaomi, Transsion, 
· Support spec enhancement: Ericsson, Nokia/NSB, LGE, Docomo



Proposal 5
For multi-PDSCHs scheduled by a single DCI with a single TRP and a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· If PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL, single QCL assumption is applied for all scheduled PDSCHs 
· The single QCL assumption is based on a TCI state of a monitored search space with the lowest controlResourceSetId in the latest slot of the active BWP
· For a definition of the latest slot, down select one of the following alternatives:
· Alt-1: Reuse Rel-15/16 definition
· Alt-2: For multi-PDSCH scheduling, the “latest slot” monitored by the UE for PDCCH is determined with respect to the earliest scheduled PDSCH that does not overlap any OFDM symbol classified as ‘U’ in the semi-static TDD DL/UL pattern
· Alt-3: For multi-PDSCH scheduling, the “latest slot” monitored by the UE for PDCCH is determined with respect to the earliest scheduled PDSCH regardless of potential overlap with any OFDM symbol classified as ‘U’ in the semi-static TDD DL/UL pattern

Proposal 5a
For multi-PDSCHs scheduled by a single DCI with a single TRP and a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· If PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL, single QCL assumption is applied for all scheduled PDSCHs 
· The single QCL assumption is based on a TCI state of a monitored search space with the lowest controlResourceSetId in the latest slot of the active BWP
· For a definition of the latest slot, down select one of the following alternatives:
· Alt-1: For multi-PDSCH scheduling, the “latest slot” monitored by the UE for PDCCH is determined with respect to the earliest scheduled PDSCH Reuse Rel-15/16 definition
· Alt-2: For multi-PDSCH scheduling, the “latest slot” monitored by the UE for PDCCH is determined with respect to the earliest scheduled PDSCH that does not overlap any OFDM symbol classified as ‘U’ in the semi-static TDD DL/UL pattern
· Alt-3: For multi-PDSCH scheduling, the “latest slot” monitored by the UE for PDCCH is determined with respect to the earliest scheduled PDSCH regardless of potential overlap with any OFDM symbol classified as ‘U’ in the semi-static TDD DL/UL pattern

Proposal 5b
For multi-PDSCHs scheduled by a single DCI with a single TRP and a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· If PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL, single QCL assumption is applied for all scheduled PDSCHs 
· For PDSCH(s) with scheduling offset < timeDurationForQCL, a TCI state of a monitored search space with the lowest controlResourceSetId for each PDSCH is applied as supported in Rel-16
· For PDSCH(s) with scheduling offset ≥ timeDurationForQCL, down select one of following alternative:
· Alt-1: apply the single TCI state indicated by the single DCI field ‘Transmission Configuration Indication’
· Alt-2: apply a TCI state of a monitored search space with the lowest controlResourceSetId for the last PDSCH with PDSCH scheduling offset < timeDurationForQCL  
· The single QCL assumption is based on a TCI state of a monitored search space with the lowest controlResourceSetId in the latest slot of the active BWP
· For a definition of the latest slot, down select one of the following alternatives:
· Alt-1: For multi-PDSCH scheduling, the “latest slot” monitored by the UE for PDCCH is determined with respect to the earliest scheduled PDSCH 
· Alt-2: For multi-PDSCH scheduling, the “latest slot” monitored by the UE for PDCCH is determined with respect to the earliest scheduled PDSCH that does not overlap any OFDM symbol classified as ‘U’ in the semi-static TDD DL/UL pattern
· Alt-3: For multi-PDSCH scheduling, the “latest slot” monitored by the UE for PDCCH is determined with respect to the earliest scheduled PDSCH regardless of potential overlap with any OFDM symbol classified as ‘U’ in the semi-static TDD DL/UL pattern

Proposal 5c
For multi-PDSCHs scheduled by a single DCI with a single TRP and a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· If PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL, single QCL assumption is applied for all scheduled PDSCHs 
· The UE does not expect that different QCL assumption is applied for any of the scheduled PDSCHs
· The single QCL assumption is based on a TCI state of a monitored search space with the lowest controlResourceSetId in the latest slot of the active BWP
· For a definition of the latest slot, down select one of the following alternatives:
· Alt-1: Reuse Rel-15/16 definition
· Alt-2: For multi-PDSCH scheduling, the “latest slot” monitored by the UE for PDCCH is determined with respect to the earliest scheduled PDSCH that does not overlap any OFDM symbol classified as ‘U’ in the semi-static TDD DL/UL pattern
· Alt-3: For multi-PDSCH scheduling, the “latest slot” monitored by the UE for PDCCH is determined with respect to the earliest scheduled PDSCH regardless of potential overlap with any OFDM symbol classified as ‘U’ in the semi-static TDD DL/UL pattern

Proposal 5d
For multi-PDSCHs scheduled by a single DCI with a single TRP and a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· If PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL, single QCL assumption is applied for all scheduled PDSCHs 
· The single QCL assumption is based on an activated PDSCH  TCI state of a monitored search space with the lowest controlResourceSetId in the latest slot of the active BWP

Proposal 5e (proposed by Samsung)
For multi-PDSCHs scheduled by a single DCI with a single TRP and a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· If PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL, single QCL assumption is applied for all scheduled PDSCHs 
· For PDSCH(s) with scheduling offset < timeDurationForQCL, a TCI state of a monitored search space with the lowest controlResourceSetId for each PDSCH is applied as supported in Rel-16
· The UE does not expect that different QCL assumption is applied for any of the scheduled PDSCHs

· For PDSCH(s) with scheduling offset ≥ timeDurationForQCL, down select one of following alternative:
· Alt-1: apply the single TCI state indicated by the single DCI field ‘Transmission Configuration Indication’
· Alt-2: apply a TCI state of a monitored search space with the lowest controlResourceSetId for the last PDSCH with PDSCH scheduling offset < timeDurationForQCL  

Proposal 5f (proposed by Ericsson)
For multi-PDSCHs scheduled by a single DCI with a single TRP and a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· If PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL, single QCL assumption is applied for all scheduled PDSCHs 
· The single QCL assumption is based on a TCI state of a monitored search space with the lowest controlResourceSetId in the latest slot of the active BWP
· For a definition of the latest slot, down select one of the following alternatives:
· Alt-1: Reuse Rel-15/16 definition
· Alt-21: For multi-PDSCH scheduling, the “latest slot” monitored by the UE for PDCCH is determined with respect to the earliest scheduled PDSCH that does not overlap any OFDM symbol classified as ‘U’ in the semi-static TDD DL/UL pattern
· Alt-32: For multi-PDSCH scheduling, the “latest slot” monitored by the UE for PDCCH is determined with respect to the earliest scheduled PDSCH regardless of potential overlap with any OFDM symbol classified as ‘U’ in the semi-static TDD DL/UL pattern

Proposal 5g
For multi-PDSCHs scheduled by a single DCI with a single TRP and a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· If PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL, single QCL assumption is applied for all scheduled PDSCHs 
· FFS: How to determine the single QCL assumption. 
· The single QCL assumption is based on a TCI state of a monitored search space with the lowest controlResourceSetId in the latest slot of the active BWP
· For a definition of the latest slot, down select one of the following alternatives:
· Alt-1: For multi-PDSCH scheduling, the “latest slot” monitored by the UE for PDCCH is determined with respect to the earliest scheduled PDSCH that does not overlap any OFDM symbol classified as ‘U’ in the semi-static TDD DL/UL pattern
· Alt-2: For multi-PDSCH scheduling, the “latest slot” monitored by the UE for PDCCH is determined with respect to the earliest scheduled PDSCH regardless of potential overlap with any OFDM symbol classified as ‘U’ in the semi-static TDD DL/UL pattern


	Company
	Input

	Ericsson
	We support Proposal 5 in principle.
But we don’t think that Atl-1 even works since there is no reference point for determining “latest slot.” For single-PDSCH scheduling the reference point is clear as in Rel-15/16. However, for multi-PDSCH scheduling, it is necessary to define the reference otherwise there is an ambiguity. This was the intention of Alt-2 and Alt-3 to try and define that reference.

	LG Electronics
	We support Proposal 5, but share the view with Ericsson. It is not clear how Alt-1 works. Rather, we can discuss further between Alt-2 and Alt-3.

	Moderator
	@Ericsson/LGE: I tend to agree with your point, however, as shown in the above summary, many companies are supporting no specification enhancement as well. Given the situation, the moderator believes that having an agreement with alternatives and discussing down selection should be an only way to progress for now. Anyway, if Alt-2 and Alt-3 are valid, we can select it for down selection. 

	Intel
	We can accept Proposal 5

	Samsung
	Our preference is multi-QCL, which achieves higher SNR than single-QCL by using optimized TCI. However, for the sake of progress, we can accept the proposal. 
For a definition of the latest slot we think reusing Rel-15/16 definition is fine. In Ran1#104b the following agreement was made:
Agreement:
· For a DCI that can schedule multiple PUSCHs,
· TDRA: Alt 2 (TDRA table is extended such that each row indicates up to 8 multiple PUSCHs (that can be non-continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is implicitly indicated by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.), as per agreement made in RAN1#104-e
· FFS: signaling details
· Note: Alt 2 does not preclude continuous resource allocation in time-domain.
· For a DCI that can schedule multiple PDSCHs,
· TDRA: TDRA table is extended such that each row indicates up to 8 multiple PDSCHs (that can be non-continuous in time-domain). Each PDSCH has a separate SLIV and mapping type. The number of scheduled PDSCHs is implicitly indicated by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· FFS: signaling details
· Note: This does not preclude continuous resource allocation in time-domain.
· Note: Multi-PDSCH scheduling for the case of 120 kHz SCS is still FFS as per prior agreement. This case can be addressed after this FFS has been decided.
Our understanding of the highlighted sentence in the agreement is that the scheduled PDSCHs are valid. Therefore we don’t think it is necessary to define reference point for multi-PDSCH scheduling.

	LG Electronics
	We still don’t understand what Alt-1 means. Multi-PDSCH scheduling is newly introduced in Rel-17 and the agreement that Samsung cited was also made in Rel-17. What Rel-15/16 definition is referring to in Alt-1?

	Moderator
	Based on the comments from Ericsson and LG, the moderator provided Proposal 5a.

	LG Electronics
	Consequently, Alt 1 seems to be the same as Alt 3. Thus, we can remove one between Alt 1 and Alt 3.

	Nokia/NSB
	Similar understanding with LGE. However, we have a question on the discussion point.
Default QCL assumption is made when UE doesn’t know any information about PDSCH scheduling. So, UE cannot know if potential overlapping with UL symbols. 
What we can agree is UE doesn’t expect different QCL/TCI state is applied all scheduled PDSCHs by single DCI, which can be controlled by gNB. And, if TCI is included in DCI, this shall be aligned with the single QCL principle. So, we don’t think the discussion of the alternatives is still necessary.    

	Futurewei
	We have some concerns on alternatives in 5/5a.
We believe that for Alt-2 in 5a, decoding DCI is necessary in order to retrieve indicated TDRA row and determine earliest valid PDSCH (which can take multiple slot durations). It is not clear what default beam would be used by UE to buffer those slots that are within this DCI decoding delay.
For Alt 1 in 5a, to be a viable distinct alternative we suggest: 
Alt-1: For multi-PDSCH scheduling, the “latest slot” monitored by the UE for PDCCH is determined with respect to a reference slot.  
This reference slot can be configured/controlled by gNB.  
   

	MediaTek
	We also share the same concern with Nokia. Before decoding PDCCH, how can UE know where is the earliest scheduled PDSCH in all the alternatives? Also, all the alternatives can have different default beam assumption than the one used in Rel-15/16 single PDSCH scheduling and how can a UE know which default beam assumption should be used? Therefore, we don’t think Futurewei’s proposal can resolve the issue completely.
If companies really want single beam to receive all the PDSCHs, Nokia’s proposal where gNB ensures all the PDSCHs are received by the same TCI based on gNB scheduling and Rel-15/16 default beam assumption can be considered.

	Intel
	We can accept Proposal 5a but with either Alt-1 or Alt-3 to be removed because they seem to be the same.

	Huawei, HiSilicon
	We think the use of multiple QCL assumption (Case 2 Alt2) is the only functional solution and we are not ready to accept either of the proposals 5 or 5a  due to the following reasons:
1- We have raised three main concerns regarding the use of single QCL assumption in our input in the first round of discussions but, as long as we reviewed companies’ views, none of the proponent companies of single QCL assumption has addressed any of our concerns. 
2- We cannot see how any of the alternatives in Proposals 5 or 5a could actually work in practice because they all rely on “the “latest slot” monitored by the UE for PDCCH is determined with respect to the earliest scheduled PDSCH”. To explain our concern with such an approach, let’s provide a specific example: Consider 960 kHz SCS and, for the sake of simplicity, assume that there is no semi-static UL symbols/slots anywhere within the slots of concern. Assume that:
a. UE has received a DCI in its buffer in slot 0.
b. This DCI schedules 8 PDSCHs to the UE in slots 5, …, 12.
c. UE is configured to monitored SS in slots 2, 6, 10,….
d. UE timedurationforQCL is 8*28 symbols = 16 slots.   
To our understanding, based on the alternatives in Proposal 5 or 5a, since the earliest scheduled PDSCH is in slot 5, UE should use the same beam that it uses for monitoring SS in slot 2 (latest monitoring slot with respect to the earliest PDSCH in slot 5) to also receive PDSCHs in slots 5, ….12. 
Before going further, Let’s review the definition of timedurationforQCL:

	timeDurationForQCL
Defines minimum number of OFDM symbols required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing as described in TS 38.214 [12] clause 5.1.5. UE shall indicate one value of the minimum number of OFDM symbols per each subcarrier spacing of 60kHz and 120kHz.



Based on our understanding of the above definition, for up to timeDurationForQCL symbols (16 slots) after the last symbol of DCI arrives at UE buffer, it is undetermined whether or not UE has completed PDCCH reception which requires channel estimation for PDCCH, demodulation, decoding, and DCI content parse. This simply means that UE may not even know that is was scheduled with PDSCHs in slots 5,…, 12 until slot 16! Between slot 0 to slot 16 UE only buffers the signal and, in parallel, reads the PDCCH that was arrived in its buffer in slot0. Given this issue, how is it possible for the UE to know that the latest monitored slot prior to the earliest PDSCH is slot 2 (and not 6 or 10) when UE does not even know where the earliest PDSCH is located until it has already buffered the 16th slot? Of course, at slot 16 UE realizes that the earliest PDSCH was in slot 5 and not , eg, slot 7 or slot 11 and hence the corresponding latest monitored SS is the one in slot 2 and not in slot 6 or slot 10. But, by then, all these 16 slots are already in UE’s buffer with whatever beam that UE has used.
So, in our view, the only viable solution seems to be receiving slots 2-5 based on the default beam used to monitor SS in slot 2, receiving slots 6-9 based on the default beam used to monitor SS in slot 6, and receiving slots 10-12 based on the default beam used to monitor SS in slot 10 (Alt 2 of Case 2 in the agreement in RAN1 106-e). 

	vivo
	We support Proposal 5a.

	Futurewei-2
	To respond to Mediatek: we believe the modified Alt-1 we offered is viable. Here the UE is configured by gNB to use a reference slot instead of the earliest scheduled slot. As a result, the UE will use a common default beam to buffer its symbols (for which corresponding RX beam is not already known to it). This default beam can be determined by UE without having to decode a DCI. 
With respect to the example given by HW above, if the reference slot is set to be 3 then the UE uses beam used for monitoring SS in slot 2 as its default RX beam since that would be the latest monitored slot prior to that reference slot. UE will use this default beam to buffer symbols. If upon decoding DCI, UE finds no valid PDSCH were buffered it can ignore buffered invalid PDSCH and switch to case-1 behavior. Otherwise, it can retain default beam to buffer remaining valid PDSCH.
Basically, this is just a way for making the UE use a beam used for monitoring a particular SS as its default beam.
We are open to Alt-2 and Alt-3 if the proponents can address the problem posed by DCI decoding/processing delay.


	Qualcomm
	We agree on the single QCL assumption applied to all PDSCHs. But both Proposal 5 and 5a do not work to our understanding. Below are detailed reasons.
For Proposal 5
· Alt-1: It cannot ensure single QCL across PDSCHs in different slots. Because the R15/16 default beam varies in different slots
· Alt-2 & Alt-3: The earliest scheduled PDSCH cannot be known before the DCI is decoded. For example, if DCI and 1st PDSCH are in slot 1 and 2nd PDSCH is in slot 2 with timeDurationForQCL as 2 slots, UE in slot 2 cannot know 1st PDSCH arrives in slot 1, since the DCI is not decoded yet. 

For Proposal 5a
· Alt-1 to 3 may not work for the same reason as for Alt-2 & Alt-3 for Proposal 5

To our understanding, the single QCL applied to PDSCHs with offset < timeDurationForQCL cannot rely on detection/info of the scheduling DCI, because UE cannot perform Rx beam change based on the DCI info within timeDurationForQCL after the DCI. This is the meaning of timeDurationForQCL capability. Most alternatives in Proposal 5 and 5a rely on the knowledge of the 1st scheduled PDSCH, which essentially requires changing Rx beam based on DCI decoding and is not feasible for the Rx beam change within timeDurationForQCL after the DCI.

timeDurationForQCL
Defines minimum number of OFDM symbols required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing as described in TS 38.214 [12] clause 5.1.5. UE shall indicate one value of the minimum number of OFDM symbols per each subcarrier spacing of 60kHz and 120kHz.

Therefore, we suggest to consider single QCL determination not based on the detection/info of the scheduling DCI as alternatives in the following Proposal 5x, which are at least feasible to our understanding. 

Proposal 5x
For multi-PDSCHs scheduled by a single DCI with a single TRP and a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· If PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL, single QCL assumption is applied for all scheduled PDSCHs 
· The single QCL assumption is based on
· Alt-1: QCL assumption of a monitored CORESET
Alt-2: An activated PDSCH TCI state

	Moderator
	Thanks for the discussion. 
Now, I tend to agree with Huawei, Nokia/MediaTek and Qualcomm. Before timeDurationForQCL, the UE is not aware of PDSCH scheduling, so there is no way to avoid different QCL assumption if there is any search space is configured with different QCL Type-D source RS. Based on the understanding, I provided Proposal 5b. However, the specification support may be very complex in this case. 
Having said that, another possible proposal would be handling based on gNB implementation as proposed in Proposal 5c. However, I see a lot of drawbacks from Proposal 5c. First of all, as multi-slot PDSCH may span up to 8 slots, multi-PDSCH may not be supported with default QCL assumption. For example, timeDurationForQCL is 56 and 112 symbols which are 4 slots and 8 slots in 480kHz SCS, respectively. In that case, if gNB wants to schedule 8 slot PDSCH and timeDurationForQCL is 56 symbols, then scheduling multi-PDSCH with 8 slots before timeDurationForQCL is impossible. In addition, although timeDurationForQCL is long enough to support multi-PDSCH, scheduling multi-PDSCH is impossible if any search spaces are configured before timeDurationForQCL. 
Another proposal would be supporting single QCL assumption based on an activated PDSCH TCI state as proposed by Qualcomm. In this case, as the UE is already aware of the default TCI state, the UE is already aware of it by receiving a MAC CE activation command. 
Please share your company view on Proposal 5b, 5c and 5d. 

	Ericsson
	We support Proposal 5a (But we point out that alt-1 and Alt-3 are equivalent).
Regarding the discussion on whether or not the UE has decoded the DCI, here is an extract from the Rel-16 rule for QCL assumption from 38.214 Section 5.1.5:
Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to ‘typeD’, 
-	the UE may assume that the DM-RS ports of PDSCH(s) of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the qcl-Type is set to ‘typeD’ of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). 

38.214 clearly refers to the offset between the reception of the DL DCI and the corresponding PDSCH. Hence, even for Rel-16 with single PDSCH scheduling, the UE has decoded the DCI and knows the slot offset from the TDRA table. It is no different for Rel-17 with multi-PDSCH.

	DOCOMO
	Or preference is Proposal 5a and we also think Alt-1 and Alt-3 are the same.
We don’t support Proposal 5d. In our understanding, the “activated PDSCH TCI state” seems a new scheme compared to Rel-15/16, which is not preferred by us. 
Based on discussions above, if it is difficult to rely the single QCL assumption on the scheduling information. Then, we think the simplest way is to relying on gNB to guarantee that scheduling offset is always larger than timeDurationQCL for multi-PDSCH scheduling, as Nokia suggested.   

	Xiaomi
	It seems that we have not reached a consensus on Q1 yet. We think the details should be discussed after that we come to an agreement about Q1. The main reason to support multiple QCL assumption is the performance and for supporting single QCL assumption is the complexity. And we prefer multiple QCL assumption, namely proposal 5b.

	Samsung
	Our preference is combination of Proposal 5b and Proposal 5c as follows:

Proposal 5b+5C
For multi-PDSCHs scheduled by a single DCI with a single TRP and a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· If PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL, single QCL assumption is applied for all scheduled PDSCHs 
· For PDSCH(s) with scheduling offset < timeDurationForQCL, a TCI state of a monitored search space with the lowest controlResourceSetId for each PDSCH is applied as supported in Rel-16
· The UE does not expect that different QCL assumption is applied for any of the scheduled PDSCHs

· For PDSCH(s) with scheduling offset ≥ timeDurationForQCL, down select one of following alternative:
· Alt-1: apply the single TCI state indicated by the single DCI field ‘Transmission Configuration Indication’
· Alt-2: apply a TCI state of a monitored search space with the lowest controlResourceSetId for the last PDSCH with PDSCH scheduling offset < timeDurationForQCL  
· 

Highlighted part from Proposal 5c is added in Proposal 5b. In this way, we think it can reduce complexity and increase performance. Furthermore, we prefer Alt-1 in the above proposal.


	OPPO
	We would like to check proposal 5b, does the proposal suggest multiple TCI states for multi-PDSCH? Because when we read this proposal, we understand that the PDSCH not satisfiying the timeDurationForQCL may have different TCI state from those satisfying the timeDurationForQCL. Is it a correct interpretation? If so, it seems that Samsung’s proposal by combining proposal 5b and 5c may have mutual confliction. 

	Moderator
	@Samsung: I added your proposal in Proposal 5e.
@Ericsson: I added your proposal in Proposal 5f. However, I still believe that there may be problematic cases as Huawei mentioned. If all CORESETs are using a same QCL type-D source RS, then there’s no problem. However, if the CORESETs are using different QCL type-D source RSs, then the problem may exist. This is the case.
CORESET#1 (QCL type-D: A and PDCCH #1) – PDSCH #1 – CORESET #2 (QCL type-D: B) – PDSCH #2 – timeDurationForQCL
In the above case, the UE blindly decodes PDCCH in CORESET #1 and saved signal PDSCH #1 with QCL Type-D: A, however, the UE needs to blindly decode CORESET #2 and save PDSCH #2 with QCL type-D: B as timeDurationForQCL didn’t pass yet (i.e., the UE didn’t decode the PDCCH and change the beam yet). So, in this case, there’s no way to receive PDSCH #2 with QCL type-D: A. I hope this clarifies my intention.  
@OPPO: Yes. Proposal 5b is to support multiple TCI states. For Samsung’s proposal, I hope they provide their response. 

	Futurewei
	We thank the moderator for this good clarification. We have same concerns with Ericsson’s reply. 
We think “reception of DL DCI” means just “buffering of PDCCH monitoring occasion symbols that can contain DCI” and does not imply DCI has been decoded. 
We note that the TimeDurationforQCL threshold and UE behavior of using default beam(s) on symbols that lie within that threshold even applies when DCI field ‘Transmission Configuration Indication’ is not present. In-fact this behavior applies in case of DCI format 1_0 also where there is no TCI indicated. In the above two cases if the UE could immediately decode the DCI (as we understood Ericsson suggests) and since UE already has the PDCCH CORESET beam available, then what would be the need to have this behavior? 

@ Response to Moderator’s question: Thank you for your earlier question and we apologize for missing it. As we replied to Mediatek. Our objective is to make UE apply Rel.15/16 rule on some reference slot (for which UE does not need to decode DCI). This can achieve the objective of making UE use QCL of a monitored coreset as default beam.
 
We think original form suggested by Qualcomm should be retained as 5d:
For multi-PDSCHs scheduled by a single DCI with a single TRP and a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· If PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL, single QCL assumption is applied for all scheduled PDSCHs 
· Atl-1: The single QCL assumption is based on QCL assumption of a monitored CORESET
· Alt-2: The single QCL assumption is based on an activated PDSCH TCI state

Also, proposal 5b actually covers 5c. Isn’t 5c just 5b with gNB scheduling restriction?

	LG Electronics
	We support Proposal 5f, to apply the single QCL assumption to all PDSCHs. To address the concern from Huawei (even though the scenario might not occur frequently), we can add the sentence that “The UE does not expect that different QCL assumption is applied for any of the scheduled PDSCHs” to Proposal 5f.
We do not support Proposal 5e since it requires PDSCH beam change.
Regarding Proposal 5d, we have a question to Qualcomm. Does it mean that UE applies two different rules for default QCL, i.e., one is for single PDSCH DCI as legacy and the other is for multi-PDSCH DCI?

	Qualcomm
	Support 5d, which is flexible in determining the single QCL. Also, both 5c and 5e are feasible to our understanding. 5a, 5b, 5f are not feasible as explained above. 
To E///’s quoted spec. That part has no problem at all. Because the latest monitored slot is pre-configured and hence is known by UE in advance without requiring decoding any DCI. The issue for 5a, 5b, 5f is the determination of the earliest scheduled PDSCH occasion. This requires DCI decoding, and UE cannot change Rx beam based on DCI within timeDurationForQCL after the end of DCI

	Huawei, HiSilicon
	In our view, still the only functional solution for each PDSCH with scheduling offset < timeDurationForQCL is to use the QCL assumption of the CORESET with lowest controlResourceSetId in the latest monitored slot with respect to that PDSCH (multiple QCL assumption solution). For each PDSCH with scheduling offset > timeDurationForQCL QCL assumption can be based on the 106-e Agreement on Case 1. We propose the following which uses the text in 38.214 (in grey) as much as possible with minimum change (in blue):
Proposal
For multi-PDSCHs scheduled by a single DCI with a single TRP and a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· If PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL,
· For each PDSCH with scheduling offset < timeDurationForQCL, the UE may assume that the DM-RS ports of the PDSCH(s) of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot prior to that PDSCH in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
· For every PDSCH with scheduling offset ≥ timeDurationForQCL, 
· If tci-PresentInDCI is enabled, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the indicated TCI state.
· If tci-PresentInDCI not present, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption whichever is applied for the CORESET used for the PDCCH transmission within the active BWP of the serving cell.
We don’t see how a single QCL assumption can work for case that some PDSCH with scheduling offset < timeDurationForQCL:
· As we discussed in our earlier comment (and our view is also shared by some other companies), it is impossible to use the QCL assumption of the latest CORESET with respect to the earliest scheduled PDSCH as UE would not know where its earliest scheduled PDSCH is (and hence what is the latest monitored SS prior to that PDSCH) until timeDurationForQCL symbols after receiving DCI. (Please see our more detailed explanation in our earlier comment)
· If we use the single QCL assumption that is based on QCL assumption of a monitored CORESET or an activated PDSCH TCI state (as proposed by Qualcomm), the question is which monitored CORESET or activated PDSCH TCI state should be used that is relevant, and more importantly, is known to the UE at the time between buffering DCI and timeDurationForQCL? For instance, such a monitored CORESET cannot be the monitored CORESET of the scheduling DCI. To see this, let’s consider this example:
· Consider 960 kHz SCS and, for the sake of simplicity, assume that there is no semi-static UL symbols/slots anywhere within the slots of concern. Assume that:
· UE has received a DCI in its buffer in slot 0.
· This DCI schedules 8 PDSCHs to the UE in slots 0, …, 7.
· UE is configured to monitor SS in slots 0, 1, 2, 3, …. 
· UE timedurationforQCL is 8*28 symbols = 16 slots. 
      Please note that UE may not even know that there is a DCI for it in slot 0 until slot 2 or 3 when it has done blind detection on SS in slot0. Then how UE is supposed to know that it should keep the same beam it used to monitor SS in slot 0 also to monitor slot 1 or slot 2 when it is already configured to monitor SS in slot 1 and slot 2 with possibly different TCI states of CORESET than the TCI state of the CORESET in slot 0? 
One may argue that gNB can configure the same TCI state for all the CORESETs that fall between DCI and timeDurationForQCL so that UE does not need to change its beam. We don’t think it would be a good solution. As both CORESET0 in a CSS and other CORESETs in USS may be located in the time interval between DCI and timeDurationForQCL. In such a case, the only way to use the same QCL assumption is to use the same TCI state for the CORESET in USS as the CORESET0. This would not be a preferred solution as PDCCH in CORESET0 is typically transmitted with a much wider beam than the PDSCH in USS and different beams should be used to receive them. 


	Ericsson
	@Qualcomm:
Thank-you for the explanation on “latest slot.” I had the impression that in the current spec for single-PDSCH “latest” was with respect to the scheduled PDSCH, and I stand corrected for that misinterpretation. But there is still something in the current spec (see highlighted part below) that I would like to clarify. How is “offset between the reception of the DL DCI and the corresponding PDSCH” defined even for single-PDSCH scheduling in the current spec? The DCI indicates K0 (scheduling offset), so how does the UE know to even apply the yellow procedure if it hasn’t decoded DCI and doesn’t know the offset? It seems like there is causality problem. I understand this is a very basic question that goes to the heart of Rel-15 (not related to multi-PDSCH). But I would like to hear your explanation.
Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to ‘typeD’, 
-	the UE may assume that the DM-RS ports of PDSCH(s) of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the qcl-Type is set to ‘typeD’ of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). 

	DOCOMO
	We support Proposal 5f. 
Regarding the issue mentioned by Huawei, we are fine to add limitation that the case is not expected, i.e. avoided by gNB scheduling.
In principle, we support single QCL assumption. But if it is not possible for case 2 due to DCI decoding is required, or if it is difficult to reach consensus, we are also fine with that gNB avoids the case 2 when multiple PDSCHs are scheduled.

	Samsung
	@OPPO: Thank you for pointing out. The intention of Proposal 5e is to apply single-QCL assumption for PDSCH(s) with scheduling offset < timeDurationForQCL, and apply the single TCI state indicated by the single DCI field for PDSCH(s) with scheduling offset ≥ timeDurationForQCL. In this way, beam switching can be minized and optimum TCI state can be applied. 

Following is our view after reading companies thoughts:
· For PDSCH(s) with scheduling offset < timeDurationForQCL, if single-QCL assumption is not possible due to DCI decoding, multiple default beam is natural way to go.
· For PDSCH(s) with scheduling offset > timeDurationForQCL, we think it is strange not to use TCI state when TCI field preset in DCI. If companies want to apply single QCL assumption, it should be applied for PDSCH(s) scheduled by a DCI format not having the TCI field present.


	ZTE, Sanechips
	For Case 2 (PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL), we prefer multi-QCL assumptions. 
For Proposal 5b, when PDSCH(s) with scheduling offset ≥ timeDurationForQCL, Alt-1 description is not accurate as it also needs to be divided into two cases s in Case 1: tci-PresentInDCI is enabled and tci-PresentInDCI is not present. If tci-PresentInDCI is enabled, the single TCI state indicated by the single DCI field is applied. But if tci-PresentInDCI is not present, single QCL assumption of the single scheduling DCI scheduled multi-PDSCHs is applied. We made changes accordingly in the following green-highlighted part. 
Modified Proposal 5b
For multi-PDSCHs scheduled by a single DCI with a single TRP and a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· If PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL, single QCL assumption is applied for all scheduled PDSCHs 
· For PDSCH(s) with scheduling offset < timeDurationForQCL, a TCI state of a monitored search space with the lowest controlResourceSetId for each PDSCH is applied as supported in Rel-16
· For PDSCH(s) with scheduling offset ≥ timeDurationForQCL, down select one of following alternative:
· Alt-1: apply the single TCI state indicated by the single DCI field ‘Transmission Configuration Indication’apply single QCL assumption as supported in Case 1-1 and Case 1-2
· Alt-2: apply a TCI state of a monitored search space with the lowest controlResourceSetId for the last PDSCH with PDSCH scheduling offset < timeDurationForQCL
For all PDSCH(s) with scheduling offset < timeDurationForQCL, we support applying single default QCL assumption for all scheduled PDSCHs.  But for the sake of progress, we can also accept the mechanism given in the first sub-bullet in Proposal 5b. With the combination of the mechanism in the first sub-bullet and Alt-1 in modified Proposal 5b, regardless the cases with offsets are greater than timeDurationForQCL or with offsets are smaller than timeDurationForQCL, we think both cases can reuse Rel-15/16 mechanism. We can just regard each of multiple PDSCH scheduled by a DCI in Rel-17 as a single PDSCH in Rel-15/16. 

	Lenovo, Motorola Mobility
	In principle we tend to agree with Samsung that at least for PDSCH that has a scheduling offset greater than the time duration for QCL, that TCI indicated in the scheduling DCI should be applied. Based on this we prefer 5e with Alt-1.

	Intel
	We support single (default) QCL assumption for all scheduled PDSCH transmission when scheduling delay is less than the timeDurationForQCL (Case 2).
Among the proposals, our preference is Proposal 5c. The exact default QCL could be defined later on based on alternatives provided in Proposal 5f and Proposal 5d

	Nokia/NSB
	Thanks for your good discussion. I think every company support the principle of single QCL assumption even for the company proposing multiple QCL assumption.
In that sense, we are fine with Proposal 5b either Alt-1 and alt-2 or Proposal 5c.
It is also fine to combine them into one. We don’t have any reason gNB schedule different TCI state than default QCL assumption in this case. So, we can simply reuse Rel-15 principle for simplicity but making sure single QCL assumption by NW scheduling. 
Proposal 5b alt + 5c
For multi-PDSCHs scheduled by a single DCI with a single TRP and a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· If PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL,
· For PDSCH(s) with scheduling offset < timeDurationForQCL, a TCI state of a monitored search space with the lowest controlResourceSetId for each PDSCH is applied as supported in Rel-16
· For PDSCH(s) with scheduling offset ≥ timeDurationForQCL, apply the single TCI state indicated by the single DCI field ‘Transmission Configuration Indication’
· The UE does not expect that different QCL assumption is applied for any of the scheduled PDSCHs


	Moderator
	Based on the discussions, it seems that majority of companies support single QCL assumption, however. it is premature to decide what would be the single QCL assumption given the remaining discussion time. Having said that, I provided proposal 5g which proposes to support single QCL assumption, but the details are FFS. 

	Ericsson
	After reading through all of the responses, we are starting to have second thoughts on whether the "single QCL assumption" option is the correct way to go.
First, I'd like to point out something that has not been part of the discussion so far. In our understanding of 38.214 section 5.1.5, for the case of Rel-15 with PDSCH slot aggregation (multi-slot PDSCH), when the scheduling offset >= timeDurationForQCL, the same QCL assumption is applied for all slots:
When the UE is configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH.
However, for the case when the scheduling offset < timeDurationForQCL, the UE applies different (multiple) QCL assumptions for each slot according to the QCL assumption for PDCCH in the latest slot. This can be seen by the below text in green that says the UE prioritizes reception of PDCCH in a slot, meaning it should use the Rx beam activated for PDCCH monitoring, and if that changes over the multiple slots of the PDSCH transmission, the UE would use that same beam for PDSCH. Effectively, it means that the beam used for PDSCH reception in the multiple slots should "follow" the same beam used for PDCCH reception:
Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
-	the UE may assume that the DM-RS ports of PDSCH(s) of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the qcl-Type is set to 'typeD' of the PDSCH DM-RS [sic: and] is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). 
The case of multi-PDSCH scheduling is directly analogous to the multi-slot PDSCH case from Rel-15, and we start to think that it would be simpler and more in-line with current implementations to reuse the current rule in the spec, i.e., allow multiple QCL assumptions. We don't think it is necessary to enforce the gNB to ensure that the PDCCH beam would remain the same over the time duration of all scheduled PDSCHs.
Furthermore, we don't think it is necessary to optimize by having a different rule for the PDSCHs scheduled by the same DCI that have offset < timeDurationForQCL and those that have offset >= timeDurationForQCL. That becomes too complicated.
We understand that we are shifting our position, but this is based on active discussion from many views expressed by different companies.
Proposal:
· Case 2: PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· This means that for all PDSCHs scheduled by the same DCI, the following Rel-16 rule is applied:
· The UE may assume that the DM-RS ports of PDSCH(s) of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.

	MediaTek
	We share the same view with the latest Ericsson comment that having the same default beam assumption as the one for multi-slot PDSCH (same TB with repetition) and for single-PDSCH scheduling introduced in Rel-15/16 is a better approach. Before decoding the DCI, UE has no knowledge about the following scheduling and how to adopt between different default beam assumption will become an issue.



1st round discussion summary
TBU

Multiple TCI states/SRIs for multiple PDSCHs/PUSCHs with multi-TRPs
Observations and Proposals from Contributions

	Company
	Observations and Proposals from Contributions

	[Huawei/HiSi, 1]
	Proposal 9: The design of multi-TRP multi-PDSCH scheduling should be considered as a lower priority discussion in this WI.

	[FUTUREWEI, 2]
	Proposal 8: Multi-TRP scenario should be considered once all remaining details in the single-TRP case have been addressed.

	[Spreadtrum, 3]
	Proposal 2: Confirm the following working assumption:
Working assumption:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
FFS: Details of multiple TCI state association with multiple PDSCHs
Proposal 3: Cyclic mapping/Sequential mapping/half-half mapping can be considered for association among multiple TCI state and multiple PDSCHs.

	[vivo, 5]
	Proposal 6:	Confirm the work assumption without FFS.

	[OPPO, 6]
	Proposal 3: Confirm the working assumption for multi-PDSCH scheduling for the multi-TRP case. 

	[CATT, 8]
	Proposal 8: The multi-PUSCH/PDSCH scheduling by the same DCI should be grouped when the number of scheduling PUSCH/PDSCH is more than two.

	[xiaomi, 9]
	Proposal 2: In case of multi-DCI based multi-TRP, there is no need to discuss the beam indication for the multiple PDSCHs/PUSCHs, because each TRP has its own DCI which is similar with single TRP case.
Proposal 3: In the case of single DCI based mTRP, there are two alternatives for the association between the multiple PDSCHs/PUSCHs and the indicated TCI state(s):
· Alt.1: Some of these PDSCHs/PUSCHs are from TRP 1 and others are from TRP2
· Alt.2: There is a so-called “multiple PDSCHs/PUSCHs” for each TRP

	[Ericsson, 10]
	Proposal 3	Confirm the working assumption on multi-PDSCH for multi-TRP from RAN1#106-e
Proposal 4	QCL Indication for multi-TRP operation
· For multi-PDSCH scheduling for the multi-TRP case, support the following for Case 1-1, Case 1-2, and Case 2 where the definition of the 3 cases is the same as in the RAN1#106-e agreement for single-TRP:
· For single-DCI based multi-TRP mechanism
· The existing Rel-16 QCL assumption per TRP for single-PDSCH scheduling is applied for all scheduled PDSCHs
· For multi-DCI based multi-TRP mechanism
· The existing Rel-16 QCL assumption for single-PDSCH scheduling is applied to all scheduled PDSCHs per TRP
· For multi-PDSCH scheduling, the “latest slot” monitored by the UE for PDCCH in the Rel-16 QCL assumption (if applicable) is interpreted with respect to the earliest scheduled PDSCH that does not overlap any OFDM symbol classified as ‘U’ in the semi-static TDD DL/UL pattern
· Note: The existing Rel-16 QCL assumption for the 3 cases is given as follows
· Case 1: PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL 
· Case 1-1: tci-PresentInDCI enabled
· The existing Rel-16 QCL assumption corresponds to the one or two TCI states associated with a codepoint of the detected DCI
· Case 1-2: tci-PresentInDCI not present
· The existing Rel-16 QCL assumption corresponds to the CORESET used for the PDCCH transmission within the active BWP of the serving cell
· Case 2: PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
· If neither enableTwoDefaultTCI-States nor enableDefaultTCI-StatePerCoresetPoolIndex is configured
· The existing Rel-16 QCL assumption corresponds to the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE 
· For single-DCI based multi-TRP if enableTwoDefaultTCI-States is configured
· The existing Rel-16 QCL assumption corresponds to the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states
· For multi-DCI based multi-TRP mechanism if enableDefaultTCI-StatePerCoresetPoolIndex is configured
· The existing Rel-16 QCL assumption corresponds to CORESET associated with a monitored search space with the lowest controlResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE


	[Nokia/NSB, 11]
	Proposal 7: Confirm working assumption:
Working assumption:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
· FFS: Details of multiple TCI state association with multiple PDSCHs

	[Samsung, 12]
	Proposal 7: Reuse Rel-16 TCI indication mechanism of single DCI based multi-TRP configured by repetitonNumber for that of multi-PDSCH scheduled by single DCI for single DCI based multi-TRP
Proposal 8:  Reuse TCI indication mechanism of multi-PDSCH scheduled by single DCI for single-TRP for that of multi-PDSCH scheduled by single DCI for multi DCI based multi-TRP

	[MediaTek, 13]
	Proposal 5: Deprioritize the discussion of multi-PDSCH scheduling enhancements for multi-TRP application.

	[Intel, 14]
	Proposal 4: Confirm the working assumption on multi-PDSCH scheduling for multi-TRP. The indicated TCI states should correspond to all scheduled PDSCHs.

	[NTT DOCOMO, 15]
	Proposal 3: For multi-PDSCH/PUSCH scheduled by single DCI for multi-TRP case, 
· Multi-PDSCH scheduling by single DCI is supported only for multi-DCI based multi-TRP case in Rel-17.
· Regardless of the offset between scheduling DCI and PDSCHs relative to timeDurationForQCL, TCI states for PDSCHs scheduled by a single DCI follows the TCI state applied for the first PDSCH.
If the offset between the first PDSCH and PDCCH is less than timeDurationForQCL, default QCL assumption of the first PDSCH is same as CORESET with lowest CORESETID among the CORESETs with same value of CORESETPoolIndex as the PDCCH scheduling the PDSCH in the latest slot in which one or more CORESETs associated with the same value of CORESETPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE.

	[Sony, 16]
	Proposal 2	: For single-DCI scheduled multi-PUSCH for multi-TRP, support up to 2 SRIs and each SRI is pointed to each TRP.

	[Lenovo/MotM, 17]
	Proposal 2: For supporting NR from 52.6 GHz to 71 GHz in Rel. 17, confirm the following working assumption:
Working assumption:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
FFS: Details of multiple TCI state association with multiple PDSCHs

	[InterDigital, 18]
	Observation 7: Multi-TRP deployment is one of the important deployment scenarios for NR in higher frequencies.
Proposal 5: Confirm the working assumption on TCI state indication mechanism for multi-TRPs.

	[LGE, 19]
	Proposal #6: For multi-PDSCH scheduling for multi-TRPs, the followings can be considered for each multiplexing scheme that was introduced for Rel-16 single DCI based multi-TRP operation.
· SDM: Similar to Rel-16, when DCI indicates two TCI states and two CDM groups, UE can apply SDM scheme to each of scheduled PDSCHs.
· FDM scheme A/B: Similar to Rel-16, when DCI indicates two TCI states and one CDM group, UE can apply FDM scheme A or B to each of scheduled PDSCHs (or only to the first PDSCH)
· TDM scheme A: When DCI indicates two TCI states and one CDM group, UE can apply TDM scheme A only to the first PDSCH, or apply only the first TCI state to all of PDSCHs and ignore the second TCI state.
· TDM scheme B: TDRA row index can be used to differentiate TDM scheme B (configured with repetitionNumber) with multi-PDSCH scheduling (configured with multiple SLIV values).


	[Qualcomm, 22]
	Proposal 6: For multi-PDSCH scheduling for multi-TRPs, confirm the WA to support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for both sDCI and mDCI based multi-TRPs.
· The indicated one or two TCI states are applied to each scheduled PDSCH.



Summary of views
In RAN1#106-e, the following assumption on the support of multiple TCI states for multi-TRP are agreed.
	Working assumption:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
· FFS: Details of multiple TCI state association with multiple PDSCHs



Based on the above agreement, the following companies’ views are observed.
	#
	Issue
	Companies’ views

	6.1
	Whether to support multi-PDSCH scheduling by a single DCI for single-DCI based multi-TRP transmission
	Confirm working assumption: Spreadtrum, vivo (without FFS), OPPO, CATT, xiaomi, Ericsson, Nokia/NSB, Samsung, Intel, Lenovo/MotM, IDCC, LGE, Qualcomm
Deprioritize multi-TRP scheduled by a single DCI: Huawei/HiSi (low priority), MediaTek, NTT Docomo
· [Huawei/Hisi]: The design of multi-TRP multi-PDSCH scheduling should be considered as a lower priority discussion in this WI.



1st round discussion
Observation 6
The moderator observed that majority of companies indicated their support on confirmation of the working assumption. Based on the observation, the moderator provides proposal 6.
Proposal 6
The following working assumption is confirmed:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
FFS: Details of multiple TCI state association with multiple PDSCHs

	Company
	Input

	OPPO
	Support

	Ericsson
	We support confirming the WA. 

Question to moderator: In addition to the above, it is also necessary to discuss how to extend the default QCL assumptions for multi-TRP to the case of multi-PDSCH scheduling, i.e., for the case when any of the scheduling offsets < timeDurationFor QCL. We had a long discussion in the last meeting on Case 1-1,1-2, and Case 2 for single TRP. We think the same framework applies to multi-TRP, and that for each case a straightforward extension of the Rel-16 rules will work for each of these cases. However, we still need to have that discussion. Does the moderator plan to discuss it this meeting?

Also, please see our comment with respect to Proposal 8 below. There is a need to also discuss the default QCL assumptions for cross-carrier scheduling + multi-PDSCH scheduling depending on the configuration of the RRC parameter enableDefaultBeamForCCS.

	Lenovo, Motorola Mobility
	We support confirming the working assumption. Regarding the FFS, we need to further discuss the details on how the two TCI states are applied to multiple PDSCHs

	vivo
	We’d like to get a clarification on what exactly is the intention of FFS.
1. Does the FFS only apply to the first bullet when “the single DCI field ‘Transmission Configuration Indication’ indicates two TCI states associated with a code point for single DCI based multi-TRP mechanism”? 
2. The main sentence of the WA says “as in Rel-16 TCI state indication mechanism for multi-TRPs”. It is our understanding that we will follow that. However, FFS seems can be interpreted differently.
  

	Nokia/NSB
	Support.

	Qualcomm
	Support

	Apple 
	We are fine to confirm the working assumption. 

It is also unclear for us regarding the FFS. TCI state association for PDSCH repetition has been agreed in MIMO session. The difference between Multi-PDSCH and PDSCH repetition is the TBs transmitted over multiple SLIVs. The TCI association rule defined in MIMO session can be simply reused here for multi-PDSCH scheduling.  


	Convida Wireless
	We are ok with the moderator’s proposals. 

	Samsung
	Support Proposal 6

	Huawei, HiSilicon
	We still don’t think WA should be confirmed. We do not see the WA confirmation as a progress or move in a right direction considering the very limited remaining time in Rel-17. We have the following  two major reasons: 

1) Extensions of supported Rel-16 m-TRP schemes to Rel-17 m-TRP multi-PDSCH are not clearly specified in Rel-17 yet. Many relevant details for such extensions are not even discussed. We are not sure that is well-justified to make an agreement on the QCL assumption for m-TRP multi-PDSCH when more fundamental aspects of m-TRP multi-PDSCH are not even discussed in Rel-17. 
For instance, note that in Rel-16 single-DCI m-TRP, the following four schemes are supported (RP-202803): 
	
A) ‘FDMSchemeA’: When two TCI states, i.e. two TRPs, are indicated in a DCI and the UE is set to ‘FDMSchemeA’, the UE shall receive single PDSCH transmission occasion of the TB with each TCI state associated to a non-overlapping frequency domain resource allocation in a manner of comb-like PRGs allocation (or half/half for wideband). 
B) ‘FDMSchemeB’: When two TCI states, i.e. two TRPs, are indicated in a DCI and the UE is set to ‘FDMSchemeB’, the UE shall receive two PDSCH transmission occasions of the same TB with each TCI state associated to non-overlapping frequency domain resource allocation in a manner of comb-like PRGs allocation (or half/half for wideband). 
C) ‘TDMSchemeA’  (Intra-slot): When two TCI states are indicated in a DCI and the UE is set to ‘TDMSchemeA’, the UE shall receive two PDSCH transmission occasions of the same TB with each TCI state associated to a PDSCH transmission occasion which has non-overlapping time domain resource allocation with respect to the other PDSCH transmission occasion. Both PDSCH transmission (corresponding to two TRPs respectively) occasions with mapping Type B only shall be received within a given slot with a symbol-level gap configured by StartingSymbolOffsetK. 
D) “repetitionNumber-r16” (Inter-slot): When a UE is configured by the higher layer parameter repetitionNumber-r16 in PDSCH-TimeDomainResourceAllocation-r16, the UE may expect to be indicated with one or two TCI states in a codepoint of the TCI field. When two TCI states are indicated in a DCI, the UE may expect to receive multiple slot level PDSCH transmission occasions of the same TB with two TCI states associated to repetitionNumber-r16 consecutive slots (up to 16). Each PDSCH transmission occasion is expected to have the same SLIV. The UE may be configured with either cyclicMapping or sequentialMapping for given TCI state mapping pattern so that the first TCI state is applied to the first PDSCH transmission occasion and the second TCI state is applied to the second PDSCH transmission occasion. 




In our view, before discussing the QCL assumption for m-PDSCH m-TRP, we first need to discuss whether and how to extend above four cases to m-PDSCH m-TRP in Rel-17.  This is far from being a trivial problem. For instance, we need to answer the following questions:
I) Whether and how to extend the TDMASchemeA (intra-slot) or repetitionNumber-r16 (Inter-slot) scheme to multi-PDSCH scenario? How would be the resource allocation of N PDSCHs of TRP1 relative to N PDSCHs of TRP2 (Interlaced in time domain? No special order? Or all the PDSCHs of the second TRP are scheduled after those of the first TRP? Can some PDSCHs of the two TRPs overlap?....)  
II) Whether and how to extend FDMSchemeA and FDMSchemeB to m-PDSCH case? Are 2N PDSCHs allocated to 2 Frequency beans each with N shared time slots where Frequency bean 1 carries N PDSCHs of TRP 1 and Frequency bean 2 carries N PDSCHs of TRP 2 or interlacing of N PDSCHs of each TRP in Frequency domain is allowed? 
Similar problems should also be resolved in the case of multi-DCI m-PDSCH m-TRP. For instance, can some or all of the N PDSCHs of TRP1 overlap with some or all N PDSCHs of TRP2? For instance, do we support the time domain location of N PDSCHs of TRP1 to be M slot shifted version of the time domain location of N PDSCHs of TRP2 so that N-M PDSCHs of TRP1 are fully overlapped with N-M PDSCHs of TRP2 while the rest of M slots are non-overlapping? In the case that only non-overlapped PDSCHs are supported and the PDSCHs span at least 2N slots what are the possible implications on, for instance, the UE buffer?

2) Even if the WA is confirmed, the first immediate problem that needs to be answered is to specify QCL assumption for the case that some or all PDSCHs are before timeDurationForQCL. However, in our view, it is clear that this problem first needs to be resolved for the single TRP case (in Section 3.1). This means that we have to first choose between Case 2 Alt 1 and Case 2 Alt 2 for single TRP and, in the second step, clearly specify the default CQL assumption (e.g., QCL assumption corresponding to the lowest CORESETId in the latest monitoring slot or the QCL assumption corresponding to the first scheduled PDSCH or other alternatives).   



	LG Electronics
	We do not object to confirm the previous working assumption. But we prefer to clarify the FFS part. If we simply apply the rule defined in MIMO session for multi-PDSCH scheduling case (as Apple stated), we wonder if simple extension is possible especially for TDM schemes.

	NEC
	We are ok to confirm the working assumption. 


	ZTE, Sanechip
	Support to confirm the working assumption

	Intel
	Support confirmation of the WA

	DOCOMO
	We share similar view as Huawei, and we prefer to prioritize discussion for multi-PDSCH scheduling for single TRP case for Rel-17.

	Xiaomi
	Fine with the confirmation of this WA. And the association between the multiple PDSCHs/PUSCHs and the indicated TCI state(s) may need to be clarified.

	Futurewei
	We agree with DOCOMO and prefer to prioritize all issues in single-TRP multi-PDSCH scheduling case at-least in this meeting.

	CATT
	Support

	Transsion
	We support this proposal.

	Moderator
	The following is a summary of the company inputs. 
· Support: Ericsson, Lenovo/MotM, vivo (without FFS), Nokia/NSB, Qualcomm, Apple (unclear FFS), Convida, Samsung, Huawei/HiSi, LGE (unclear FFS), NEC, ZTE/Sanechip, Intel, Docomo, Xiaomi, CATT, Transsion
· Prioritize single TRP: Huawei/HiSi, Docomo, Futurewei

@Ericsson: The moderator agrees with Ericsson that we need to discuss default QCL assumptions for multi-TRP as well as single TRP. However, the moderator believes that the working assumption should be confirmed to discuss the issue. As shown in the above summary, three companies prefer to prioritize single TRP issue first. 
@vivo, Apple, LGE: The intention of the working assumption is to reuse Rel-16 TCI state indication mechanism which indicates up to TCI states per codepoint. The FFS point is not to introduce new mechanism, but to clarify how to support the association between the indicated TCI states and multi-PDSCHs. According to the Moderator’s understanding, in Rel-16, there are five schemes ‘SDM’, ‘FDMSchemeA’, ‘FDMSchemeB’, ‘TDMSchemeA’ and ‘repetitionNumber’ as mentioned by Huawei/HiSi. Having said that, the moderator believes that at least some discussion is needed. One possible way forward from the moderator would be simply extending Rel-16 mechanism i.e., 1st TCI state for 1st CDM group and 2nd TCI state for 2nd CDM group for ‘SDM’, ‘FDMSchemeA’, ‘FDMSchemeB’ and ‘TDMSchemeA’. For ‘repetitionNumber’, the moderator believes that multiplexing intrainter-slot repetition mechanism with multi-slot PDSCHs would be very complex. 
Based on the above understanding, the moderator provides Proposal 6a. Please express your concern if any.  



Proposal 6a
The following working assumption in RAN1#106-e is confirmed with the following update:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· When two TCI states are indicated, the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table, and the second TCI state corresponds to the other CDM group as supported in Rel-16 
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
· The UE does not expect to be configured with higher layer parameter repetitionNumber
FFS: Details of multiple TCI state association with multiple PDSCHs

Proposal 6b
The working assumption in RAN1#106-e is confirmed with the following update:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· When two TCI states are indicated and the UE is not configured with higher layer parameter repetitionScheme, the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table, and the second TCI state corresponds to the other CDM group as supported in Rel-16 
· When two TCI states are indicated and the UE is configured with higher layer parameter repetitionScheme and the UE is set to ‘fdmSchemeA’ or ‘fdmSchemeB’, the UE shall receive a single PDSCH transmission occasion of the TB with each TCI state associated to a frequency domain resource allocation as supported in Rel-16 
· When two TCI states are indicated and the UE is configured with higher layer parameter repetitionScheme and the UE is set to ‘tdmSchemeA’, the UE shall receive two PDSCH transmission occasions of the TB with each TCI state associated to a PDSCH transmission occasion within a given slot as supported in Rel-16 
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
· The UE does not expect to be configured with higher layer parameter repetitionNumber

Proposal 6c
The working assumption in RAN1#106-e is confirmed with the following update:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· When two TCI states are indicated, reuse Rel-16 association rules between the two TCI states and two PDSCHs in a slotthe first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table, and the second TCI state corresponds to the other CDM group as supported in Rel-16 
· The UE does not expect to be configured with higher layer parameter repetitionNumber
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
· The UE does not expect to be configured with higher layer parameter repetitionNumber

Proposal 6d
The working assumption in RAN1#106-e is confirmed with the following update:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· When two TCI states are indicated, reuse Rel-16 association rules between the two TCI states and two PDSCHs in a slot if the two TCI states for each PDSCH scheduled by  a multi-PDSCH scheduling DCI
· The UE does not expect to be configured with higher layer parameter repetitionNumber
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
· Within the TDRA table for multi-PDSCH scheduling, the UE does not expect to be configured with the higher layer parameter repetitionNumber

	Company
	Input

	Ericsson
	We support Proposal #6a

	LG Electronics
	It should be clarified which schemes among ‘SDM’, ‘FDMSchemeA’, ‘FDMSchemeB’, ‘TDMSchemeA’ and ‘repetitionNumber’ are supported by Proposal #6a. From our understanding, for ‘SDM’, two CDM groups are indicated, so Proposal #6a can allow ‘SDM’. On the other hand, for ‘FDMSchemeA’, ‘FDMSchemeB’, and ‘TDMSchemeA’, those schemes are enabled when one CDM group is indicated in Rel-16. If this is the case, to support ‘FDMSchemeA’, ‘FDMSchemeB’, and ‘TDMSchemeA’, Proposal #6a needs to be modified accordingly.

	Moderator
	@LGE: Thanks for the good comment. The moderator provided Proposal #6b based on your comment.  

	Intel
	Do we need the last bullet in Proposal 6b? Without this bullet, Proposal 6b looks fine for us.

	Samsung
	Regarding the last bullet, our understanding is that ‘repetitionNumber’ configures inter-slot repetition for multi-TRP, and it can be applied to multi-PDSCH TCI state indication. If the intention is to preclude intra-slot repetition, higher layer parameter should be ‘repetitionScheme’ set to ‘tdmSchemeA’.

	LG Electronics
	Still further clarification seems necessary.

‘SDM’ can be applied when ‘repetitionNumber’ or ‘repetitionScheme’ is configured. Therefore, the blue-highlighted part needs to be removed.

· When two TCI states are indicated and the UE is not configured with higher layer parameter repetitionScheme, the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table, and the second TCI state corresponds to the other CDM group as supported in Rel-16 

For ‘FDMSchemeA’ or ‘FDMSchemeB’, is it intended that FDM scheme is applied to each of scheduled PDSCHs?
Also for ‘TDMSchemeA’, is it intended that TDM scheme A is applied to each of scheduled PDSCHs?

	Moderator
	@Intel: The intention in not supporting inter-slot repetition and multi-PDSCH scheduling simultaneously as it needs complex discussion on how to multiplex inter-slot repetition and multi-PDSCH scheduling in moderator’s understanding. In addition, even in Rel-16, simultaneous application of multi-slot repetition and inter-slot repetition is not supported according to the following specification.

If a UE is configured with higher layer parameter repetitionNumber or if the UE is configured by repetitionScheme set to one of ‘ fdmSchemeA’, ‘ fdmSchemeB’ and ‘tdmSchemeA’, the UE does not expect to be configured with pdsch-AggregationFactor.
@Samsung: Thanks for pointing this out. There was a typo. The moderator’s intention is to preclude inter-slot repetition, not intra-slot repetition. 

@LG: ‘SDM’ can be applied when ‘repetitionNumber’ or ‘repetitionScheme’ is configured. Therefore, the blue-highlighted part needs to be removed.  This is not my understanding. Following is a specification for SDM.
When a UE is not indicated with a DCI that DCI field ‘Time domain resource assignment’ indicating an entry which contains repetitionNumber in PDSCH-TimeDomainResourceAllocation, and it is indicated with two TCI states in a codepoint of the DCI field ‘Transmission Configuration Indication’ and DM-RS port(s) within two CDM groups in the DCI field ‘Antenna Port(s)’, the UE may expect to receive a single PDSCH where the association between the DM-RS ports and the TCI states are as defined in Clause 5.1.6.2. 
In the above, it is clearly mentioned that repetitionNumber is not indicated to the UE. In addition, if repetitionScheme is configured, then one of ‘fdmSchemeA’, ‘fdmSchemeB’ or ‘tdmSchemeA’ should be supported which are not SDM. Please correct me if I am wrong.


	LG Electronics
	@Moderator,
Thanks for the response. However, my understanding on the captured sentence is that “if repetitionNumber is configured for a row index of TDRA table but the row index is not indicated” or “if repetitionScheme is configured”, ‘SDM’ can be applied when DCI indicate two CDM groups. Thus, ‘SDM’ actually can be enabled independently of the configuration of repetitionNumber or repetitionScheme. Maybe other companies can confirm which is correct. 

You may have missed other questions, so I repeated here.

For ‘FDMSchemeA’ or ‘FDMSchemeB’, is the proposal intended that FDM scheme is applied to each of scheduled PDSCHs?
Also for ‘TDMSchemeA’, is the proposal intended that TDM scheme A is applied to each of scheduled PDSCHs?

	MediaTek
	Our understanding is aligned with Moderator that SDM can’t be configured with other repetition schemes (fdmSchemeA, fdmSchemeB, tdmSchemeA, and repetition number). In fact, we don’t think  SDM and FDM or TDM can work together since the mapping of the TCI states are defined separately for each repetition schemes.
We have one clarification on the TDM enhancement and the following agreement. I guess the following agreement is for single TRP case?
Agreement:
· For a UE and for a serving cell, scheduling multiple PDSCHs by single DL DCI and scheduling multiple PUSCHs by single UL DCI are supported.
· Each PDSCH or PUSCH has individual/separate TB(s) and each PDSCH/PUSCH is confined within a slot.
· FFS: The maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI
· FFS: Whether multiple PDSCH scheduling applies to 120 kHz in addition to 480 and 960 kHz
· At least for 120 kHz SCS, single-slot scheduling with slot-based monitoring will still be supported as specified in Rel-15/Rel-16
· The followings will not be considered in this WI.
· Single DCI to schedule both PDSCH(s) and PUSCH(s)
· Single DCI to schedule one or multiple TBs where any single TB can be mapped over multiple slots, where mapping is not by repetition
· Single DCI to schedule N TBs (N>1) where a TB can be repeated over multiple slots (or mini-slots)
· Note: This does not imply that existing slot aggregation and/or repetition for PDSCH and PUSCH by single DCI is precluded for the serving cell.


	Intel
	@Moderator,
We share the same intention not to support inter-slot repetition and multi-PDSCH scheduling simultaneously.
However, could you or someone clarify, if the “UE does not expect to be configured with higher layer parameter repetitionNumber”, as stated in the last main bullet, how to handle the case when “two TCI states are indicated and the UE is configured with higher layer parameter repetitionScheme”, as stated in the two last subbullets of the first may bullet, within the same proposal?
It seems that Proposal 6a is simpler. Then the details (SDM, TDM schemes, FDR schemes, etc.) could be clarified later.

	Huawei, HiSilicon
	We do not support either of Proposal 6a or 6b. 

We still believe that confirming WA (with or without above modification) is premature and the focus should be on finalizing the single-TRP case. Specifically, please note that Proposal 6a and 6b seem to try to solve two complicated problems in one shot.

A) Which of the multi-TRP ‘SDM’, ‘FDMSchemeA’, ‘FDMSchemeB’, ‘TDMSchemeA’ and ‘repetitionNumber’ schemes from Rel-16 can be extended to multi-TRP multi-PDSCH case in Rel-17; 
B) For the extended schemes, how to associate indicated TCI states to the multiple PDSCHs. 

We don’t think embarking on solving A and B at the same time and as part of a WA that was meant to only consider B is the correct approach. In particular, whether or not ‘SDM’, ‘FDMSchemeA’, ‘FDMSchemeB’, ‘TDMSchemeA’ and ‘repetitionNumber’ schemes should be extended to Rel-17 multi-PDSCH should be discussed based on their usefulness and not how complicated or easy is to associate TCI states to the multiple-PDSCH in the extended version of each scheme. As an example, we actually believe that inter-slot repetition scheme is the most natural scheme to be extended to multi-PDSCH in Rel-17 as it is already a multiple PDSCH scheme with each PDSCH in a separated slot. This scheme is removed in both Proposals by the Moderator. We think extending each scheme deserves a careful study on its own which this AI have time for at this point. Also, our earlier comment in the first round still persists. How should we extend these schemes? For instance, in intra-slot case, do we support interlaced PDSCHs of the TRPs or one TRP sends all its PDSCHs before the other TRP starts transmission of its PDSCHs? How the possible collision may be treated it’s the two PDSCH sets are not required to be transmitted in two disjoint time interval? Similar questions also hold regarding ‘FDMSchemeA’, ‘FDMSchemeB’, and ‘repetitionNumber’ (please see our first round of input)

As discussed earlier, Even if the WA is confirmed, the first immediate problem that needs to be answered is to specify QCL assumption for the case that some or all PDSCHs are before timeDurationForQCL. However, in our view, it is clear that this problem first needs to be resolved for the single TRP case (in Section 3.1). This means that we have to first choose between Case 2 Alt 1 and Case 2 Alt 2 for single TRP and, in the second step, clearly specify the default CQL assumption (e.g., QCL assumption corresponding to the lowest CORESETId in the latest monitoring slot or the QCL assumption corresponding to the first scheduled PDSCH or other alternatives).   


	Vivo
	We support both Proposal 6a and 6b in principle. We slightly prefer 6b.

	MediaTek 2
	After reading the spec again, we would like to correct our understanding on whether SDM can be configured with other repetition scheme. Based on the description, we think SDM can be configured with other repetition schemes (fdmschemeA, fdmschemeB, tdmschemeA) and DCI can indicate different ports to switch between SDM which applies to 2 CDM groups and other schemes which applies to 1CDM group. 

When a UE is not indicated with a DCI that DCI field ‘Time domain resource assignment’ indicating an entry which contains repetitionNumber in PDSCH-TimeDomainResourceAllocation, and it is indicated with two TCI states in a codepoint of the DCI field ‘Transmission Configuration Indication’ and DM-RS port(s) within two CDM groups in the DCI field ‘Antenna Port(s)’, the UE may expect to receive a single PDSCH where the association between the DM-RS ports and the TCI states are as defined in Clause 5.1.6.2.

@LG: We apologize for making the comment on the spec too soon, and we hope it doesn’t increase your confusion here.


	Qualcomm
	Not support either Proposal 6a or 6b. Suggest to confirm WA at most with the following note to exclude both sub-slot and slot based TDM. 
· The UE does not expect to be configured with higher layer parameter repetitionNumber

For Proposal 6a
The following is only applicable to SDM, not FDM, TDM. Why only restrict to SDM? Suggest to remove
· When two TCI states are indicated, the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table, and the second TCI state corresponds to the other CDM group as supported in Rel-16 

For Proposal 6b
The following are the same as R16 SDM, FDM, sub-slot TDM. Suggest to remove. No need to repeat
· When two TCI states are indicated and the UE is not configured with higher layer parameter repetitionScheme, the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table, and the second TCI state corresponds to the other CDM group as supported in Rel-16 
· When two TCI states are indicated and the UE is configured with higher layer parameter repetitionScheme and the UE is set to ‘fdmSchemeA’ or ‘fdmSchemeB’, the UE shall receive a single PDSCH transmission occasion of the TB with each TCI state associated to a frequency domain resource allocation as supported in Rel-16 
When two TCI states are indicated and the UE is configured with higher layer parameter repetitionScheme and the UE is set to ‘tdmSchemeA’, the UE shall receive two PDSCH transmission occasions of the TB with each TCI state associated to a PDSCH transmission occasion within a given slot as supported in Rel-16

	Moderator
	@LGE/MediaTek: I am not sure that how we can support SDM with repetitionScheme. In SDM, resources for two PDSCHs can be overlapped without any restriction, however, for repetitionScheme, two PDSCHs should be multiplexed by using non-overlapping frequency domain resources or non-overlapping time domain resources as clarified in the specification as shown below.
[bookmark: _Hlk23778132]When a UE is configured by higher layer parameter repetitionScheme set to one of ‘fdmSchemeA’, ‘fdmSchemeB’, ‘tdmSchemeA’, if the UE is indicated with two TCI states in a codepoint of the DCI field ‘Transmission Configuration Indication’ and DM-RS port(s) within one CDM group in the DCI field ‘Antenna Port(s)’.
-	When two TCI states are indicated in a DCI and the UE is set to ‘fdmSchemeA’, the UE shall receive a single PDSCH transmission occasion of the TB with each TCI state associated to a non-overlapping frequency domain resource allocation as described in Clause 5.1.2.3. 
-	When two TCI states are indicated in a DCI and the UE is set to ‘fdmSchemeB’, the UE shall receive two PDSCH transmission occasions of the same TB with each TCI state associated to a PDSCH transmission occasion which has non-overlapping frequency domain resource allocation with respect to the other PDSCH transmission occasion as described in Clause 5.1.2.3. 
-	When two TCI states are indicated in a DCI and the UE is set to ‘tdmSchemeA’, the UE shall receive two PDSCH transmission occasions of the same TB with each TCI state associated to a PDSCH transmission occasion which has non-overlapping time domain resource allocation with respect to the other PDSCH transmission occasion and both PDSCH transmission occasions shall be received within a given slot as described in Clause 5.1.2.1. 
In addition, we only have 2 CDM groups for Type-1 DMRS and 3 CDM groups for Type-2 DMRS. So, I am not sure that how we can apply different TCI states which support both SDM and repetitionScheme. 
Anyway, I feel that we don’t need to fine tune the wording for the existing specification. So, I updated the proposal with reusing Rel-16 in Proposal 6c. Hope this should be fine for you. 

@MediaTek: The agreement you captured is about the repetition in multiple slots. Except repetitionNumber, all multi-TRP operation is repetition within a slot. So, I don’t see any problem. In addition, I think the agreement aligned with the bullet “The UE does not expect to be configured with higher layer parameter repetitionNumber”.

@Huawei: In my view, I don’t see any other issues than QCL assumptions for multi-TRP and multi-PDSCH. In addition, if we can agree QCL assumptions for single TRP and multi-PDSCH, I believe that we can apply same principle for multi-TRP and achieving agreement would be relatively easier. I hope you can show some flexibility for the progress.

@Intel: I updated the proposal with “reusing Rel-16 association”. Hope this is fine for you.

@Qualcomm: As you commented, I removed the details and updated the proposal with “reusing Rel-16 association”. Hope this is fine for you. 

@All: Please check the updated proposal in Proposal 6c. I replaced detailed description with reusing the existing association. In addition, I changed “The UE does not expect to be configured with higher layer parameter repetitionNumber” to a sub-bullet of single DCI based operation as repetitionNumber is configured only for single DCI based operation. 

	Ericsson
	Support Proposal 6c. Seems like the other proposals are over complicating things.

	DOCOMO
	Prefer Proposal 6c.

	Xiaomi
	For single DCI based multi-TRP, we discussed the potential association between the multiple PDSCHs/PUSCHs and the TRPs in our contribution. And there are two cases as shown in the figure below:


Case1: Some of these PDSCHs/PUSCHs are from TRP 1 and others are from TRP2
Case2: There is a so-called “multiple PDSCHs/PUSCHs” for each TRP

According to the discussions above, it seems only case 2 will be supported. Is that so?

	Samsung
	Since the moderator clarifies that there is no intention to precludes TCI indication method such as cyclicmapping or sequenticalMapping, we are fine with Proposal 6c.

	OPPO
	Proposal 6c is fine to us. 

	Ericsson
	On reading through the discussion again, I see now that for Proposal 6c, there is a consequence of moving the following bullet so that it applies only to single DCI mTRP

The UE does not expect to be configured with higher layer parameter repetitionNumber

So, for Proposal 6c, does it mean that the TDRA table in the case of multi-DCI mTRP can include repetitionNumber?

We think that the combination of repetition and multi-PDSCH scheduling should be precluded all together since it will complicate the TDRA table design, and we haven’t even discussed that in the PDSCH-PUSCH agenda item. With only 1 meeting left, I don’t think we should go down that road and overcomplicate things.

Hence, we prefer that the highlighted bullet above applies to both single-DCI and multi-DCI mTRP. We could then support a proposal such as the following (Proposal 6c with bullet moved back down):

Proposal 6c (alternative)
The working assumption in RAN1#106-e is confirmed with the following update:
Working assumption:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· When two TCI states are indicated, reuse Rel-16 association rules of the two TCI states for each PDSCH scheduled by a multi-PDSCH scheduling DCI
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
· Within the TDRA table for multi-PDSCH scheduling, the UE does not expect to be configured with the higher layer parameter repetitionNumber
· FFS: Details of multiple TCI state association with multiple PDSCHs

	Moderator
	@Xiaomi: As you mentioned, your figure 2 is similar to Proposal 6c. However, it is not 100% correct as each PDSCH should support TDM/FDM. 
@Ericsson: In my understanding, repetitionNumber is only for single DCI based multi-TRP scheme. However, I am fine with your proposal as the proposal prevents possible mismatches. Having said that, I captured the proposal in Proposal 6d.

	LG Electronics
	We can accept Proposal 6c or 6d. But we have the same understanding that repetitionNumber cannot be configured for m-DCI based m-TRP operation.
In addition, for both Proposal 6c and 6d, it needs to be clarified which part is modified compared to the previous working assumption.

	Qualcomm
	Support 6d with the following wording suggestion.

O	When two TCI states are indicated, reuse Rel-16 association rules if for the two TCI states for each PDSCH scheduled by  a multi-PDSCH scheduling DCI

	Huawei, HiSilicon
	Reading through the comments, it is even clearer for us that WA should not be confirmed at this stage. We first need to discuss whether and how each of the ‘fdmSchemeA’, ‘fdmSchemeB’, ‘tdmSchemeA’, and with ‘repetitionNumber’ should be supported even discussing how to map the indicated TCI states to the PDSCHs. Some Questions that needs that need to be answered (from our earlier comment in the first round): 

I) Whether and how to extend the TDMASchemeA (intra-slot) or repetitionNumber-r16 (Inter-slot) scheme to multi-PDSCH scenario? How would be the resource allocation of N PDSCHs of TRP1 relative to N PDSCHs of TRP2 (Interlaced in time domain? No special order? Or all the PDSCHs of the second TRP are scheduled after those of the first TRP? Can some PDSCHs of the two TRPs overlap?....)  
II) Whether and how to extend FDMSchemeA and FDMSchemeB to m-PDSCH case? Are 2N PDSCHs allocated to 2 Frequency beans each with N shared time slots where Frequency bean 1 carries N PDSCHs of TRP 1 and Frequency bean 2 carries N PDSCHs of TRP 2 or interlacing of N PDSCHs of each TRP in Frequency domain is allowed? 
Similar problems should also be resolved in the case of multi-DCI m-PDSCH m-TRP. For instance, can some or all of the N PDSCHs of TRP1 overlap with some or all N PDSCHs of TRP2? For instance, do we support the time domain location of N PDSCHs of TRP1 to be M slot shifted version of the time domain location of N PDSCHs of TRP2 so that N-M PDSCHs of TRP1 are fully overlapped with N-M PDSCHs of TRP2 while the rest of M slots are non-overlapping? In the case that only non-overlapped PDSCHs are supported and the PDSCHs span at least 2N slots what are the possible implications on, for instance, the UE buffer?

Even if the WA is confirmed, the first immediate problem that needs to be answered is to specify QCL assumption for the case that some or all PDSCHs are before timeDurationForQCL. However, in our view, it is clear that this problem first needs to be resolved for the single TRP case (in Section 3.1). Unfortunately, it does not look like the discussion in Section 3.1 is close to a consensus. 

Also, we don’t understand why inter-slot (with ‘repetitionNumber’) and intra-slot (‘’tdmSchemeA’) may be not supported for multi-PDSCG scheme as some companies suggest. We actually believe that inter-slot repetition scheme is the most natural scheme to be extended to multi-PDSCH in Rel-17 as it is already a multiple PDSCH scheme with each PDSCH in a separated slot.

Question to Qualcomm: you have mentioned: 

“Suggest to confirm WA at most with the following note to exclude both sub-slot and slot based TDM. 
· The UE does not expect to be configured with higher layer parameter repetitionNumber” 

Could you please explain the reason to not to support intra-slot and inter-slot based TDM? Also, if we are not mistaken, our understanding is that “repetitionNumber” is only relevant to inter-slot TDM and not intra-slot TDM.

	DOCOMO
	We are fine with Proposal 6c or Proposal 6d. Fine with QC’s update on Proposal 6d.

	Samsung
	If majority of companies want to keep intra-slot repetition and preclude inter-slot repetition, we can accept the proposal 6c or 6d.

	ZTE, Sanechips
	We are fine with Proposal 6c (alternative) from Ericsson, which looks more accurate.

	Lenovo, Motorola Mobility
	We are fine with the Proposal 6d.

	Intel
	Fine with Proposal 6d

	Nokia/NSB
	We are fine with Proposal 6d.

	Moderator
	@Huawei/HiSi

I) Whether and how to extend the TDMASchemeA (intra-slot) or repetitionNumber-r16 (Inter-slot) scheme to multi-PDSCH scenario? How would be the resource allocation of N PDSCHs of TRP1 relative to N PDSCHs of TRP2 (Interlaced in time domain? No special order? Or all the PDSCHs of the second TRP are scheduled after those of the first TRP? Can some PDSCHs of the two TRPs overlap?....)  

[Moderator] Most of your questions are already provided in the specification, we may need to discuss how to support TDRA though. 

When two TCI states are indicated in a DCI and the UE is set to 'tdmSchemeA', the UE shall receive two PDSCH transmission occasions of the same TB with each TCI state associated to a PDSCH transmission occasion which has non-overlapping time domain resource allocation with respect to the other PDSCH transmission occasion and both PDSCH transmission occasions shall be received within a given slot as described in Clause 5.1.2.1.

II) Whether and how to extend FDMSchemeA and FDMSchemeB to m-PDSCH case? Are 2N PDSCHs allocated to 2 Frequency beans each with N shared time slots where Frequency bean 1 carries N PDSCHs of TRP 1 and Frequency bean 2 carries N PDSCHs of TRP 2 or interlacing of N PDSCHs of each TRP in Frequency domain is allowed? 

[Moderator] Similar response

-	When two TCI states are indicated in a DCI and the UE is set to 'fdmSchemeA', the UE shall receive a single PDSCH transmission occasion of the TB with each TCI state associated to a non-overlapping frequency domain resource allocation as described in Clause 5.1.2.3. 
-	When two TCI states are indicated in a DCI and the UE is set to 'fdmSchemeB', the UE shall receive two PDSCH transmission occasions of the same TB with each TCI state associated to a PDSCH transmission occasion which has non-overlapping frequency domain resource allocation with respect to the other PDSCH transmission occasion as described in Clause 5.1.2.3. 
Similar problems should also be resolved in the case of multi-DCI m-PDSCH m-TRP. For instance, can some or all of the N PDSCHs of TRP1 overlap with some or all N PDSCHs of TRP2? For instance, do we support the time domain location of N PDSCHs of TRP1 to be M slot shifted version of the time domain location of N PDSCHs of TRP2 so that N-M PDSCHs of TRP1 are fully overlapped with N-M PDSCHs of TRP2 while the rest of M slots are non-overlapping? In the case that only non-overlapped PDSCHs are supported and the PDSCHs span at least 2N slots what are the possible implications on, for instance, the UE buffer?

[Moderator] This is already possible in Rel-16 based on UE capability. I don’t think that we need to discuss it again.

Even if the WA is confirmed, the first immediate problem that needs to be answered is to specify QCL assumption for the case that some or all PDSCHs are before timeDurationForQCL. However, in our view, it is clear that this problem first needs to be resolved for the single TRP case (in Section 3.1). Unfortunately, it does not look like the discussion in Section 3.1 is close to a consensus. 

[Moderator] I agree with you that we need to discuss the rule, however, if we agree the rule for single TRP. Then, extending the principle to multi-TRP would be a way to proceed.

Also, we don’t understand why inter-slot (with ‘repetitionNumber’) and intra-slot (‘’tdmSchemeA’) may be not supported for multi-PDSCG scheme as some companies suggest. We actually believe that inter-slot repetition scheme is the most natural scheme to be extended to multi-PDSCH in Rel-17 as it is already a multiple PDSCH scheme with each PDSCH in a separated slot.

[Moderator] Honestly, I don’t fully understand your intention. However, if my understanding is correct. This is my answer. 
If your question is to support inter-slot and intra-slot schemes simultaneously, this is prohibited from Rel-16 as clarified in the below. 

A UE does not expect to be configured with repetitionScheme if the UE is configured with higher layer parameter repetitionNumber. 
Also, you should note that the proposal did not propose to preclude intra-slot scheme. 
In addition, the intention of the proposal is not to support multi-PDSCH and inter-slot (repetitionNumber) simultaneously. It does not prohibit the usage of inter-slot repetition scheme. If the inter-slot repetition scheme is needed, gNB can configure it without multi-PDSCH. Rel-16 inter-slot repetition scheme already supports up to 16 slots as shown in the below. 

PDSCH-TimeDomainResourceAllocation-r16 ::=  SEQUENCE {
    k0-r16                                     INTEGER(0..32)                                              OPTIONAL,   -- Need S
    mappingType-r16                            ENUMERATED {typeA, typeB},
    startSymbolAndLength-r16                   INTEGER (0..127),
    repetitionNumber-r16                       ENUMERATED {n2, n3, n4, n5, n6, n7, n8, n16}                OPTIONAL,   -- Cond Formats1-0and1-1
    ...
} 



1st round discussion summary
TBU
Beam Management for Shared Spectrum Operation
Observations and Proposals from Contributions

	Company
	Observations and Proposals from Contributions

	[Huawei/HiSi, 1]
	Proposal 10: In order to mitigate the impact of LBT failure in BFD procedure, support transmitting complementary aperiodic CSI-RS when LBT failure occurs on periodic BFD-RS.

	[FUTUREWEI, 2]
	Proposal 9: Utilize aperiodic CSI-RS transmission to address impact of LBT failure on periodic RS transmissions intended to support beam failure recovery. 
Proposal 10: Consider support for low latency beam (QCL-TypeD) switch of periodic RS transmissions after persistent or sustained LBT failure.  

	[Spreadtrum, 3]
	Proposal 5: Aperiodic CSI-RS should be a complement for BFD-RS.

	[ZTE/Sanechips, 4]
	Proposal 9: Study and evaluate the impact of LBT and the limitation of COT length on the procedure of beam failure detection.

	[OPPO, 6]
	Proposal 4: Holding the discussion on AP-CSI-RS for BFR/BFD until the LBT procedure has been made clear in agenda item 8.2.6.

	[NEC, 7]
	Proposal 3: UE should apply the QCL assumption(s) of the smallest CORESET ID on which directinal LBT succeed in the latest slot for each PDSCH when some or all of the scheduled PDSCHs of the multiple PDSCH have scheduling offset less than timeDurationForQCL for shared spectrum.
Proposal 4: If the indicated beam in the DCI scheduling the PDSCH is QCLed with the directional LBT beam for the DCI, then no additional LBT is needed for the PDSCHs have scheduling offset equal to or greater than timeDurationForQCL in shared spectrum.

	[CATT, 8]
	Observation 1: When UE cannot measure the periodic CSI-RS at the scheduled transmission instance for beam management due to LBT failure, gNB could transmit aperiodic CSI-RS and indicate to the UE as the alternative measurement.   
Proposal 1: Aperiodic CSI-RS could be used as the alternative solution of missed L1 RSRP measurement of periodic CSI-RS due to LBT failure with minimized specification impact. 

	[xiaomi, 9]
	Observation 1: There may be performance loss caused by non-transmitted periodic CSI-RS for beam measurement because gNB cannot get the latest beam measurement results especially for high speed UE.
Proposal 4: Aperiodic RS transmission can be triggered to patch a non-transmitted periodic CSI-RS.
Observation 2: The existing BFD mechanism may not work well if the periodic CSI-RS for BFD cannot transmitted because of LBT failure.
Proposal 6: The beam failure detection procedure should be enhanced if triggering aperiodic CSI-RS to complement the non-transmitted BFD-RS is supported.
Observation 3: The beam switching in the same COT will be influenced by the LBT mechanism.

	[Ericsson, 10]
	Proposal 9	Enhancement of existing BFD procedures by introduction of ap-CSI-RS is not needed for operation in shared spectrum. The existing BFI counter and timer can be adjusted to compensate for occasional LBT failure causing a missing instance (period) of a periodic BFD RS (SS/PBCH block and/or p-CSI-RS).

	[Nokia/NSB, 11]
	Observation 1: For P-TRS transmissions in the cell, it would be beneficial to have a mechanism to be able to transmit P-TRSs dropped due to LBT failure.
Proposal 8: Consider solutions to provide robustness for TRS transmission due to LBT failures, for instance:
· A beam specific (SSB specific) aperiodic TRS transmission that could be triggered for one or multiple UEs at a time to “patch” non-transmitted P-TRS using certain beam (certain SSB as QCL-TypeD source)
· Multiple transmission opportunities for the P-TRS within a time period
Observation 2: More transmission opportunities for the BFD-RS against LBT failures can be supported by the same mechanism used for peridic CSI-RS such as TRS.
Proposal 9: In case of directional LBT (if applied), consider impacts on beam management in the COT, e.g. 
· impact on validity of the configured DL RSs for L1-RSRP measurement and reporting and
· impact on beam switching application time within the COT (e.g. the case when the new beam is or is not QCLed with the LBT beam of the COT).
Proposal 10: If multi-slot CSI-RS is supported, use slot offset (by reusing the parameter CSI-ResourcePeriodicityAndOffset currently applicable only for periodic and semi-persistent resource) parameter for the aperiodic CSI-RS resource where the offset would be calculated from the slot where the first CSI-RS resource of the same set is allocated.

	[Samsung, 12]
	Proposal 9: Support multi-slot aperiodic CSI-RS/SRS scheduled by a single DCI for beam management in 60 GHz unlicensed band.
Proposal 10: Further investigate the issue on the uncertainty of RS transmission due to LBT for 60 GHz unlicensed band.

	[MediaTek, 13]
	Proposal 6: Deprioritize the discussion of beam management enhancements for LBT failure handling.

	[Intel, 14]
	Proposal 6: No special handling of periodic RS transmissions is needed to address interruptions due to LBT failure as well as no special means are needed to distinguish between LBT failures and beam failures.

	[NTT DOCOMO, 15]
	Proposal 4: For beam management in 52.6-71GHz, discuss the following:
· whether to support reporting more than 4 beams for beam reporting in one report instance, if the number of configured CSI-RS resources in a resource set for beam management is increased.
· whether to increase the number of configured CSI-RS resources for beam management.

	[Sony, 16]
	Proposal 1: Support aperiodic CSI-RS for beam failure detection (BFD) and candidate beam determination (CBD) at least for unlicensed band operation.
Proposal 4: Study and specify if needed single DCI scheduled multiple aperiodic CSI-RS and/or aperiodic SRS across multiple slots.

	[Lenovo/MotM, 17]
	Proposal 6: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, the following potential enhancements related to periodic transmissions of RS such as P-TRS should be specified to deal with LBT failure:
· Termination of periodic RS transmission on beams where consecutive LBT failures are encountered
· Dynamic switching of the QCL assumption (beams) for periodic RS transmission where consecutive LBT failures are encountered, where:
· Multiple QCL assumptions (multiple beams) can be configured to the RS resource and beam switch can be triggered once the continuous number of LBT failures reach a certain threshold value

	[InterDigital, 18]
	Observation 9: Absence of periodic/semi-persistent RSs may impact on performance of fine time/frequency tracking, beam failure recovery and beam/CSI reporting.
[bookmark: _Hlk83978671]Proposal 7: Introduce an enhanced mechanism to patch non-transmitted periodic/semi-persistent RSs due to LBT failures.
Proposal 8: Support RS transmission based on candidate RSs when LBT fails for periodic/semi-persistent RSs.
Proposal 9: Support RS pre-emption based on gNB indication to achieve accurate fine time/frequency tracking, beam failure recovery and beam/CSI.

	[LGE, 19]
	Proposal #7: The following aspects can be considered to enhance beam management operation when channel access scheme is used for unlicensed spectrum.
· How to provide more opportunities of CSI-RS or SRS transmission considering LBT failure
· How to enhance beam failure procedure considering not transmitted BFD-RS due to LBT failure

	[Convida, 21]
	Proposal 3: Enhancement of beam operation for unlicensed bands should be investigated to mitigate interference and optimize system performance due to hidden node for NR from 52.6 GHz to 71 GHz.



Summary of views
	#
	Issue
	Companies’ views

	7.1
	Whether to enhance RS transmissions to deal with LBT failure


	Yes: Huawei/HiSi, FUTUREWEI, Spreadtrum, CATT, Xiaomi, Nokia/NSB, Sony, IDCC, LGE, Convida
· [Huawei/HiSi]: In order to mitigate the impact of LBT failure in BFD procedure, support transmitting complementary aperiodic CSI-RS when LBT failure occurs on periodic BFD-RS.
· [Lenovo/MotM]: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, the following potential enhancements related to periodic transmissions of RS such as P-TRS should be specified to deal with LBT failure:
· Termination of periodic RS transmission on beams where consecutive LBT failures are encountered
· Dynamic switching of the QCL assumption (beams) for periodic RS transmission where consecutive LBT failures are encountered, where:
· Multiple QCL assumptions (multiple beams) can be configured to the RS resource and beam switch can be triggered once the continuous number of LBT failures reach a certain threshold value
Need further study/hold the discussion/No support: OPPO, CATT, Ericsson, Intel, NTT Docomo
· [CATT]: Aperiodic CSI-RS could be used as the alternative solution of missed L1 RSRP measurement of periodic CSI-RS due to LBT failure with little specification change.
· [Ericsson]: Enhancement of existing BFD procedures by introduction of ap-CSI-RS is not needed for operation in shared spectrum. The existing BFI counter and timer can be adjusted to compensate for occasional LBT failure causing a missing instance (period) of a periodic BFD RS (SS/PBCH block and/or p-CSI-RS).
· [Intel]: No special handling of periodic RS transmissions is needed to address interruptions due to LBT failure as well as no special means are needed to distinguish between LBT failures and beam failures

	7.2
	Multi-slot aperiodic RS
	Yes: Nokioa/NSB, Samsung, LGE
· [Samsung]: Support multi-slot aperiodic CSI-RS/SRS scheduled by a single DCI for beam management in 60 GHz unlicensed band.
· [LGE]: How to provide more opportunities of CSI-RS or SRS transmission considering LBT failure



1st round discussion
Observation 7
The moderator observed no proposal supported by majority companies in this topic. In addition, 12 companies supporting periodic RS enhancement indicated different preferences on detailed enhancements (e.g., use of aperiodic RS for BFR, periodic TRS enhancement and etc.). Given the remaining time for Rel-17, the moderator believes that there’s not enough time to finalize the required specification enhancement for periodic RS enhancement.
Proposal 7
Conclusion
· No periodic RS enhancement is supported for Rel-17 NR 52-71. 

	Company
	Input

	Ericsson
	Agree with the conclusion proposed by the moderator. As we analyze in our contribution, we don't think enhancement is needed for BFR. Furthermore, it is too late in the WI to be discussing such enhancements.

	vivo
	We support Proposal 7 to conclude this topics.

	Nokia/NSB
	Several companies are still supporting this enhancement, we prefer not to make conclusion in this meeting.

	MediaTek
	We support the conclusion.

	Qualcomm
	Support

	Samsung
	Support Proposal 7

	Huawei, HiSilicon
	We agree with Nokia. We don’t think this conclusion is necessary.

	LG Electronics
	Support

	NEC
	We support the conclusion.

	ZTE, Sanechips
	Support the conclusion

	Intel
	Agree with the proposed conclusion

	DOCOMO
	We are fine with the proposal.

	Xiaomi
	Not support the conclusion. The non-transmitted periodic CSI-RS due to LBT failure does have influence on current beam management mechanism. For example, there may be performance loss caused by non-transmitted periodic CSI-RS for beam measurement because gNB cannot get the latest beam measurement results especially for high speed UE. Well, there may be no enough time to discuss the possible enhancements, but it may not be appropriate to make this conclusion in this meeting.

	Transsion
	We support the conclusion.



1st round discussion summary
TBU
Others
Observations and Proposals from Contributions

	Company
	Observations and Proposals from Contributions

	[CATT, 8]
	Proposal 2: The beam management frame work should be reused for NR operation in 52.6-71 GHz.  
Proposal 9: In initial access, the beam adaptation for Msg3 and Msg4 transmission can be adapted based on the beam measurement report from UE.

	[xiaomi, 9]
	Proposal 5: To support more beams, the maximal number of reference singles in one CSI-RS resource set should be increased. Or, multiple aperiodic CSI-RS resource sets associated with one aperiodic trigger state should be allowed to be used for beam measurement.


	[Ericsson, 10]
	Proposal 2	QCL indication for cross-carrier scheduling
· Support cross-carrier scheduling for multiple PDSCHs scheduled by a single DCI
· For single-TRP operation, the following is supported in order to enable multi-PDSCH scheduling:
· If the UE is not configured with enableDefaultBeamForCCS
· The UE expects that the PDSCH scheduling offset for all scheduled PDSCHs ≥ timeDurationForQCL analogous to Rel-16
· If the UE is configured with enableDefaultBeamForCCS
· The existing Rel-16 default QCL assumption for single-PDSCH scheduling is applied for all scheduled PDSCHs when either or both of the following apply:
· The PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL
· The TCI field is absent from the scheduling DCI
· Note: the existing Rel-16 default QCL assumption corresponds to the activated TCI state with the lowest ID applicable to the PDSCH in the active BWP of the scheduled cell
· FFS: Details for multi-TRP operation

Proposal 10	Enhancement of the number of explicitly configured RSs for BFD (SS/PBCH blocks and/or p-CSI-RS) is not needed.
Proposal 11	For the new beam identification (NBI) procedure, the 28 symbol window for decoding PDCCH in recoverySearchSpaceId may need to be revisited for the case that a serving cell is configured with 480 or 960 kHz SCS.

	[NTT DOCOMO, 15]
	Proposal 5: Beam failure detection/recovery procedure in NR 52.6-71GHz can consider following potential enhancements,
· whether to introduce a new time gap to apply new beam configuration after receiving BFR response from gNB
· whether to increase the number of candidate beams included in set[image: ]
· if the discussion on the number of CSI-RS resources for beam management is deprioritized in Rel-17, it can also be low priority. 

	[Sony, 16]
	Proposal 5	: Beam alignment during initial access procedure should be considered for NR above 52.6 GHz.

	[Lenovo/MotM, 17]
	Proposal 7: For NR operation between 52.6 GHz and 71 GHz, Rel-17 common TCI state indication should be supported for multi-PDSCH scheduling
Proposal 8: For NR operation between 52.6 GHz and 71 GHz, how to determine the applied TCI state for the multiple PDSCH in continuous slots when the indicated common TCI state is changed but the UE cannot switch it RX beam within the CP should be further discussed
Proposal 9: For NR operation between 52.6 GHz and 71 GHz, when multiple PDSCHs with different TBs are scheduled by the DCI indicating a common TCI state, the ACK/NACK of any one scheduled PDSCH can be used as the ACK for the DCI

	[Apple, 20]
	Proposal 3: Consider a mechanism to enable/disable the PDCCH monitoring within the multi-PDSCH duration to improve resource efficiency. 

	[Convida, 21]
	Proposal 1:  Rel-17 FeMIMO unified TCI framework like TCI state indication for PDCCH can be considered for NR from 52.6 GHz to 71 GHz.

	[Qualcomm, 22]
	Proposal 7: Support dedicated configuration of default PDSCH beam for better optimization flexibility.
· gNB can dynamically update the default PDSCH beam via MAC-CE.
Proposal 12: Support partial BFR for single TRP.
Proposal 13: Support UE report of recommended SSB in Msg3/A in initial access.
Proposal 14: Support dynamic beam update of periodic channel/RS.
Proposal 15: Investigate sub-band based beam report.
Proposal 16: The contents of configured TCI states can be dynamically updated.
· The contents may include any QCL source RS ID, e.g. both TypeA/D RS IDs, and corresponding BWP/CC ID.



1st round discussion
Summary of views
	#
	Issue
	Companies’ views

	8.1
	Beam reporting/alignment during initial access procedure
	Yes: CATT, Sony, Qualcomm
No:

	8.2
	Dynamic beam update
	Yes: Lenovo/MotM, Qualcomm, NTT Docomo
No:

	8.3
	Increase the number of configured CSI-RS resources
	Yes: Xiaomi, NTT Docomo
No: Ericsson

	8.4
	Considering Rel-17 feMIMO unified TCI framework for multi-PDSCH/PUSCH scheduling
	Yes: Lenovo/MotM, Convida
No:

	8.5
	Enhancement on 28 symbol window for decoding PDCCH for the NBI procedure of BFR
	Yes: Ericsson, NTT Docomo
No:

	8.6
	PDCCH monitoring activation/deactivation within multi-PDSCH
	Yes: Apple
No:

	8.7
	Partial BFR
	Yes: Qualcomm
No:

	8.8
	QCL indication for cross carrier scheduling
	Yes: Ericsson
No:

	8.9
	Default PDSCH beam indication via MAC CE
	Yes: Qualcomm
No:  



Observation 8
No proposal supported by majority companies is observed by the moderator. Please provide views on the above proposals in the summary.
	Company
	Input

	Ericsson
	We think a small spec clarification is needed for the case of cross-carrier scheduling when multi-PDSCHs are scheduled with single DCI. The existing spec text in 38.214 Section 5.1.5 has a default QCL assumption rule depending on whether or not the RRC parameter enableDefaultBeamForCCS is configured. Currently, the rule is written in terms of single-PDSCH scheduling. The update that is needed for multi-PDSCH scheduling is to clarify that when the RRC parameter is configured, that the default QCL assumption is applied for all scheduled PDSCHs when any scheduled PDSCH has scheduling offset < timeDurationForQCL.

Hence, we think this issue should be discussed in parallel with the other QCL indication issues in Section 3 of this FL summary.
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