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1. Introduction

Conclusion from RAN1#92b:
For further discussion in RAN1#93
· RAN4 agreement exists for SSB-RRM + PDSCH multiplexing for non-CA and CA cases
· Consider at least the following alternatives. At least for cases outside SMTC window (SSB-RLM+PDSCH, SSB-BM+PDSCH) including CA:
· Alt 1: (multiplexing restriction) Extend the RAN4 agreement to the case of SSB+PDSCH multiplexing for both CA and non-CA without PDSCH associated with SI-RNTI, P-RNTI. This means that the UE is not expected to receive PDSCH on SSB symbols (for same numerology in FR2)
· Alt 2: gNB will ensure at least spatial QCL
· Alt 3: The UE is not expected to perform Rx beam refinement on SSB locations (Rx beam refinement may be associated with BM, RLM, BFD)
Note: The above applies to the case with same numerology for SSB and PDSCH. The case with different numerologies for SSB and PDSCH is to be addressed.

2. General issues
2.1 UE capability
Summary of discussions:
1. Consider UE capability signaling to indicate RF beamforming constraints to the gNB (considering intra-band contiguous synchronized CA scenario in FR2). RAN1 specification changes may be conditioned on UE capability.

	Company
	Comments

	Qualcomm
	In general, this can be discussed in UE feature discussion, but in Rel-15 we can focus just on a “single beam management procedure” across all CCs in intra-band CA. Specifically: Due to the analog beamforming restriction, there is no need to perform individual beam management on each CC in intra-band contiguous CA. Therefore, in the UE capabilities, CCs participating in intra-band contiguous CA should be considered a single beam management entity. 




2.2 Multiple numerology
Summary of discussions: 
1. Consider simultaneous transmission and reception cases with UE supporting multiple numerologies

	Company
	Comments

	Huawei, HiSilicon
	[bookmark: OLE_LINK8]To avoid changing QCL assumption or spatial relation in the middle of a symbol, the default QCL assumption or spatial relation for multiple channel/signal(s) among multiple CCs should take the numerology into account. The simplest solution is to prioritize the channel/signal with smaller SCS, i.e., the signal in the CC with smaller SCS has a higher priority.




3. [bookmark: _Ref511241440]Downlink multiplexing issues
3.1 SSB+PDSCH
Proposed solutions can be categorized as follows (for SSBs outside SMTC window including CA):
1. Alt 1 or reformulations 
a. UE is not required to decode PDSCH-C-RNTI or PDSCH-CS-RNTI overlapping with SSB-BM, SSB-RLM or SSB-BFD
b. UE performs symbol-level PDSCH rate matching around SSB symbols for the SSB blocks which are RRC-configured for RLM, BM, BFD
c. UE not expected to receive PDSCH on SSB symbols
2. Alt 2 or reformulations 
a. NW configuration should ensure same spatial QCL
3. Alt 3 or reformulations 
a. UE is expected to receive PDSCH on SSB symbols
b. The UE shall prioritize the reception of PDSCH over SSB measurement
c. The UE is not expected to perform RX beam refinement on SSB locations
4. Solutions based on determination by UE of link problem or beam failure
5. Solutions based on whether CORESET#0 is configured for the SSB
6.  RAN4 should provide guidance on SSB-RLM+PDSCH and SSB-BM+PDSCH cases

Proposal: 
Down-select to 1 and 3
Conclusion in RAN1#93: For further discussion
For SSB+PDSCH (for SSBs outside SMTC window including CA), further consider among the following options:
1. Alt 1 or reformulations 
a. UE is not required to decode PDSCH-C-RNTI or PDSCH-CS-RNTI overlapping with SSB-BM, SSB-RLM or SSB-BFD
b. UE performs symbol-level PDSCH rate matching around SSB symbols for the SSB blocks which are RRC-configured for RLM, BM, BFD
c. UE not expected to receive PDSCH on SSB symbols
2. Alt 2 or reformulations 
a. NW configuration should ensure same spatial QCL
3. Alt 3 or reformulations 
a. UE is expected to receive PDSCH on SSB symbols
b. The UE shall prioritize the reception of PDSCH over SSB measurement
c. The UE is not expected to perform RX beam refinement on SSB locations



Company views:
	Company
	Comments

	Intel
	Alt 1 with some refinements.
•	UE is not required to decode PDSCH-C-RNTI or PDSCH-CS-RNTI that overlaps fully or partially with SSB symbols configured for SSB-BM, SSB-RLM or SSB-BFD
There is RAN1 agreement already that UE is not required to decode PDSCH/P-RNTI in CONNCTED mode. We are open to consider rate-matching as Qualcomm suggested.
SSB-BM definition: Our thinking is that SSB-BM comprises of SSB indices which are included in a configured reporting configuration. We also think SSB indices in any configured TCI state or associated in a chain rule fashion with a configured TCI state could be included in this definition.
SSB-RLM, SSB-BFD: A UE can be configured with a SSB index for RLM but this SSB index is not part of SSB-BM. Then, to perform RLM measurements, the UE needs to perform similar functionality as SSB-BM for this SSB-index – seems like an implicit way of defining a SSB-BM resource (same arguments for SSB-BFD). This is also a reason to consider RLM, BFD cases in MIMO. On a separate note, it is likely that SSB-RLM, SSB-BFD and SSB-BM will coincide on the same physical resource. 
Note that a PDSCH+SSB collision condition occurs also when an actual PDSCH is not transmitted. This case applies for the symbols following the last symbol of a CORESET associated with a search space until a UE capability based threshold symbol.   

	MediaTek
	Alt 1. Similar view as Intel. When SSB resources are configured for BM, the UE is expected to perform Rx beam sweeping on these SSB resources. Also, the UE is expected to perform Rx beam sweeping on the SSB resources configured for RRM and BFD. In these cases, the UE is not expected to receive PDSCH on SSB symbols. Therefore, the extending of RAN4 agreement is a reasonable option.

	Samsung
	Alt 3. In our view, too many resources should be wasted for BM, BFD and RLM for Alt 1. In contrast to Alt 1, Alt 3 can allow more efficient utilization of resources. Moreover, it should be noted that UE does not receive its PDSCH from gNB every time even for the high load cases (e.g. 70% RU).

	Qualcomm
	A quick background: 
First, PDSCH which is scheduled by PDCCH with SI-RNTI, RA-RNTI, P-RNTI has been agreed that can be FDMed with SSB on the specific scenario of 120 KHz for PDSCH and 120 for SSB. 
Second, RAN4 has made an agreement that for both inter/intra frequency measurement, the UE will be RRC-configured in both connected and idle mode with SMTC window, inside which no PDSCH/PDCCH cannot be FDMed, so that the UE can perform Rx beam sweeping, and that no RRM measurement is expected to be done by the UE on SSBs outside SMTC window.
Agreements:
· For intra frequency measurements, SMTC window duration, timing offset and SMTC periodicity are signalled in either RMSI or OSI for IDLE mode, and RRC for CONNECTED mode
· For IDLE mode, RAN2 will decide the signalling container between RMSI and OSI
· For inter frequency measurements, SMTC window duration, timing offset and SMTC periodicity are signalled per frequency, in either RMSI or OSI by the serving cell for IDLE mode, and RRC for CONNECTED mode
· For IDLE mode, RAN2 will decide the signalling container between RMSI and OSI
· SMTC window duration:
· Both for inter-/intra- frequency measurements, the candidate values are {1,2,3,4,5} msec
· SMTC window timing offset:
· SMTC window timing reference for the timing offset is SFN#0 of the corresponding serving cell.
· Note: For IDLE mode, the serving cell here implies the cell UE is camped on.
· For intra-frequency measurements, the candidate values are {0, 1, …, SMTC periodicity -1} ms
· For inter-frequency measurements, the candidate values are {0, 1, …, SMTC periodicity -1} ms.
· SMTC periodicity:
· Both for inter-/intra-frequency measurements, the candidate values are {5, 10, 20, 40, 80, 160} msec
Agreements:
· The network can indicate a set of SS blocks to be measured within the SMTC measurement duration (connected mode only) 
· The indication is per frequency layer
· The UE is not required to measure SS blocks not indicated as transmitted
· If there is no indication, the default value is that all SS blocks within the SMTC measurement duration 
· The signaling method is applicable to both intra- and inter-frequency measurements
· For connected mode:
· The signaling is via RRC and a full bitmap with length L 
· For idle mode
· No indication from gNB
· Note: this means that all SS blocks within the SMTC measurement duration 
Third, the UE is RRC configured with SSB indeces which can be used for, RLM measurement, BM (serving cell L1-RSPR) measurement, BFD measurements. Please see 331 for details. Note also, that for RLM purposes, if the UE is not configured with any RLM-RS, then no SSB will be used for that purpose:
Agreements:
• RLM-RS is undefined until explicitly/implicitly configured.
– Note: This implies that the network needs to configure the RLM-RS for UE to perform RLM
In light of the discussion of previous meeting and the above background, in order to enable the gNB to trade-off overhead and scheduling flexibility without tampering with the Rx-beam UE measurements we make the following proposal:
Proposal:
· [bookmark: _Hlk513715693]In FR2, for SSB outside SMTC window, and for PDSCH not scheduled by PDCCH with SI/P/RA-RNTI, for both CA and non-CA,
· the UE performs symbol-level PDSCH rate matching around SSB symbols for the SSB blocks which are RRC-configured for RLM, BM (serving-cell L1-RSPR reporting), and BFD measurements. 
· UE is not expected to perform RLM, BM, BFD measurements in any other SSB except those configured for such measurements. 
· Note: For any other SSB outside SMTC except the SSB-RLM/BM/BFD and for PDSCH scheduled by PDCCH with SI/P/RA-RNTI, the UE may receive PDSCH FDMed with SSB. The UE applies in the PDSCH reception the configured spatial Rx and rate matches around the SSB block.

The proposal above is in general closer to Alt. 1 with a few clarifications on the associated UE behavior. The fundamental reasons behind the above proposal are:
· For the SSB-RLM/BM/BFD, the UE is expected to perform Rx Beam sweeping, so scheduling PDSCH does not make sense since the UE performs Rx beam sweeping and the gNB cannot know which beam is used by the UE. Even if the gNB tries to send a PDSCH, it is likely that it will not be successful because the UE is performing a measurement/searching/sampling Rx beam directions. Note that the same reasoning led to RAN4 agreement related to SSB-RRM measurement 
· For all remaining SSBs which do not have a functionality for this UE, the UE may receive PDSCH on these symbols, since the UE is not expected to perform any Rx beam sweeping in those, and the UE may disregard the SSB. It can just rate match around the SSB block.
· gNB has the option to RRC-configure fewer SSB blocks for RLM/BM/BFD purposes (and it can RRC configure the periodicity of SMTC window) in order to tradeoff quality of the measurement/Rx-beam-sweeping and SSB-overhead, and schedule PDSCH as needed in the remaining SSBs. 
With such a proposal we achieve the main gain/goal of each of the three alternatives:
· important RLM/BM/BFD measurements are not disrupted and it is clearly configured to the UE which SSB are used and for which purposes (clearly an SSB can be used for multiple purposes). This was the main intention of Alt. 1 and we can achieve this with the above proposal.
· On the SSB blocks which are outside SMTC and not used for RLM/BF/BFD, the gNB can schedule a PDSCH independent of whether this PDSCH is sQCLed or not with the SSB. The UE will just steer towards the PDSCH and disregard the SSB. This may free up (depending on configuration) even more resources for data than agreeing that “SSB and PDSCH are required to be sQCLed”, and therefore it should be preferred over Alt. 2, which was supported by several companies due to the smaller overhead. 
· SSB overhead dedicated for RLM/BM/BFD can be controlled by the gNB through RRC-configuration of the SMTC window, RLM/BM/BFD resources. Note also that it is up to the gNB to schedule RLM/BM SSBs inside the SMTC window, if gNB wants to do so and avoid additional overhead. Therefore, the above proposal provides additional scheduling flexibility compared to Alt. 3 which says that always RLM/BM need to happen inside the SMTC window. 

	LGE
	We prefer Alt 1 in principle, since PDSCH needs to be received without RX beam sweeping while SS/PBCH block can be received with RX beam sweeping. Whether/How to capture in the specification needs to be further discussed, e.g., “Alt 1-c” as above may sufficiently be a simple option that “UE is not expected to receive SSB and PDSCH on the same OFDM symbols”.

	Nokia
	At least for cases outside SMTC window with SSB-RRM and PDSCH for non-CA and CA cases when no failure condition is applied:
· The UE shall prioritize the reception of PDSCH over SSB measurement. 
· The UE is not expected to perform RX beam refinement on SSB locations (RX beam refinement may be associated with BM, RLM or BFD)
The above applies to the case with same and different numerologies for SSB and PDSCH

	Huawei, HiSilicon
	We realize some UEs want to utilize the SSBs to perform Rx beam training. Still, forbidding NW to transmit PDSCH between all SSBs will lead to significant overhead and is not acceptable. To give UE chances to perform Rx beam training, whilst giving NW full control, we reformatted Alt-1b as follows. We removed RLM as it should be discussed in IAM session, and also BFD as SSB cannot be explicitly configured for BFD. We also added a condition that ‘with associated ReportQuantity configured as “no report”’. The motivation is that gNB may configure quite some SSBs (if not all of them) for UE to measure and selectively report, and without the condition of ‘no report’, a large overhead will still be incurred. With ‘no reporting’ indicated, gNB knows UE will perform Rx beam training over symbols of those SSBs and will keep this set with a reasonable size. This compromised solution is borrowed from using CSI-RS for P3 procedure. 
UE performs symbol-level PDSCH rate matching around SSB symbols for the SSB blocks which are RRC-configured for RLM, BM, BFD, and with associated ReportQuantity configured as “no report”

	ZTE
	In the cases outside SMTC window, UE shall prioritize the reception of PDSCH over SSB, i.e., no RX beam sweeping is performed, for both CA and non-CA, taking into account that Rx beam refinement can be well conducted within SMTC windows.
Meanwhile, gNB can ensure the same spatial QCL between SSB and its associated PDSCH.

	Ericsson
	Alt 3. When performing RLM and/or BFD, we don’t understand why the UE needs to perform RX beam switching. For BM, it becomes determine what SSB-BM means: is it so that as soon as one report configuration based on SSB is defined?
We also note that it is unlikely that the NW would explicitly configure P3 based on SSB, since the UE would like to perform P3 based on SSB anyway.



3.2 SSB+PDCCH
Proposed solutions can be categorized as follows:
Summary of discussions (for SSBs outside SMTC window including CA):
1. Alt 1 or reformulations 
a. UE is not required to decode PDCCH associated with CORESETs overlapping with SSB-BM, SSB-RLM or SSB-BFD
b. UE performs symbol-level PDSCH rate matching around SSB symbols for the SSB blocks which are RRC-configured for RLM, BM, BFD
c. UE not expected to receive PDCCH on SSB symbols
2. Alt 2 or reformulations 
3. Alt 3 or reformulations 
a. UE is expected to receive PDCCH on SSB symbols 
b. UE is not expected to perform RX beam refinement on SSB locations

Proposal: 
Down-select to 1 and 3

	Company
	Comments

	Intel
	Same approach as Alt 1 but broadcast PDCCH is not treated differently from unicast PDCCH. Although broadcast PDSCH is infrequent, broadcast search spaces occur periodically and the NW should assign broadcast CORESETs without SSB overlap.  
•	UE is not required to decode PDCCH associated with CORESETs that overlaps fully or partially with SSB symbols configured for SSB-BM, SSB-RLM or SSB-BFD
Note that there is discussion in DL Control session where several states of a UE are considered for the purposes of defining SSB as it relates to CORESET0 – after PBCH and before RMSI, after RMSI and before RRC, after RRC. To avoid overlap, we can consider SSB collision cases after RRC configuration and non Type-0 PDCCH CSS.
Same justifications as to why SSB-BM, SSB-RLM and SSB-BFD are considered in the same way.
Note that it is much more obvious here that PDCCH+SSB collision condition occurs without an actual PDCCH transmission (as long as a CORESET associated with a search space overlaps with SSB)

	MediaTek
	Alt 1. Same view as in the case of SSB+PDCCH.

	Samsung
	Alt 3. Same view with SSB+PDSCH

	Qualcomm
	Similar proposal as in the SSB+PDSCH case with the same reasoning (closer to Alt. 1 with more clear description of the UE behavior). Without repeating again all the arguments, please see the proposal. Specifically, 
· In FR2, for SSB outside SMTC window, and for both CA and non-CA:
· the UE is not expected to receive PDCCH FDMed the SSB which are RRC-configured for RLM, BM(serving-cell L1-RSPR reporting), and BFD measurements. 
· UE is not expected to perform RLM, BM, BFD measurements in any other SSB except those configured for such measurements. 
· Note: For any other SSB outside SMTC except the SSB-RLM/BM/BFD, the UE may receive PDCCH FDMed with SSB. The UE applies in the PDCCH reception the configured spatial Rx.

	LGE
	We prefer Alt 1 in principle with similar reasons for the above case of SSB+PDSCH. 

	Nokia
	By replacing PDSCH with PDCCH, we follow the same principle as we used with SSB + PDSCH

	Huawei, HiSilicon
	Similar to the case with ‘SSB + PDSCH’,  we propose to change Alt-1a as
a.	UE is not required to decode PDCCH associated with CORESETs overlapping with SSB-BM when the associated ReportQuantity is configured as “no report” , SSB-RLM or SSB-BFD

	ZTE
	Same rules as SSB+PDSCH:
In the cases outside SMTC window, UE shall prioritize the reception of PDSCH over SSB, i.e., no RX beam sweeping is performed, for both CA and non-CA, taking into account that Rx beam refinement can be well conducted within SMTC windows.
Meanwhile, gNB can ensure the same spatial QCL between SSB and its associated PDSCH.

	Ericsson
	Alt 3. When performing RLM and/or BFD, we don’t understand why the UE needs to perform RX beam switching. For BM, it becomes determine what SSB-BM means: is it so that as soon as one report configuration based on SSB is defined?
We also note that it is unlikely that the NW would explicitly configure P3 based on SSB, since the UE would like to perform P3 based on SSB anyway.




3.3 SSB+CSIRS

Proposed solutions can be categorized as follows:
1. Same solution for all CSIRS+SSB combinations
a. NW configuration should ensure same spatial QCL 
2. 2 CSIRS+SSB combinations
a. A) NW to ensure spatial QCL for some combinations B) UE is not expected to receive FDM multiplexing for some combinations
3. Solutions depending on scheduling offset and P/SP/AP CSIRS
4. Whether also applicable to SSBs inside SMTC window
5. RAN4 to clarify on CSI-RS RLM, CSI-RS RRM case

Proposal: Down-select to 1, 2. 

	Company
	Comments

	Intel
	Similar principle as MediaTek and Qualcomm:
for CSI-RS cases where a UE may perform Rx beam sweeping for tracking Rx beams, they can be FDM-ed with SSB if QCL-ed. The cases in this group can be discussed – includes CSIRS-BM-rep-ON.
for CSI-RS cases where a UE is not expected to perform Rx beam sweeping for tracking Rx beams, they should not be FDM-ed with SSB even if QCL-ed. The cases in this group can be discussed – includes CSIRS-CSI, CSRRS-TRS.  
As Qualcomm, LGE mentioned, it also seems to us that the case of CSI-RS for BM was explicitly selected from other cases in prior RAN1 agreements to be included for multiplexing (with same spatial QCL)

	MediaTek
	Similar principles as Intel, but CSI-RS-BM needs to be further differentiated between repetition “ON” and repetition “OFF”. 
If the UE is expected to adopt a constant Rx beam on the CSI-RS resources (for CSI/IM/tracking/BM “OFF”), these CSI-RS resources should not be multiplexed on the SSB symbols. In contrast, if the UE is expected to perform Rx beam sweeping on the CSI-RS resources (for RLM/RRM/BFD/BM “ON”), NW should ensure the same spatial QCL assumption to facilitate the UE Rx beam sweeping on the multiplexed SSB + CSI-RS.

	Samsung
	Rx spatial QCL should be ensured by the NW configuration regardless of CSI-RS types (i.e. RLM, BM, CSI and etc). 

	Qualcomm
	In the MUX RS AI, it was agreed that CSIRS-BM can be FDMed with SSB if they are QCLed. In the MUX RS AI it was discussed whether this will be extended for CSIRS-CSI/IM, but it was not agreed. 
Do not extend this agreement to any other CSIRS including: CSIRS-RLM/RRM/BFD/CSI/IM/TRS. That is, these CSIRS cannot be FDMed with SSB.

	LGE
	Same view as Qualcomm, since there was a clear agreement in RAN1#91 meeting, including a bullet as “Above applies for the cases: CSI-RS only used for beam management”.

	Nokia
	CSI-RS resource  can be multiplexed with SSB not just limiting to CSI-RS resources for BM

	Huawei, HiSilicon
	Solution #2 is preferred.

	ZTE
	Rx spatial QCL should be ensured by the NW configuration irrespective of types of CSI-RS (i.e. RLM, BM, CSI and etc). Also we also support all types of CSI-RS can be FDMed with SSB, not only CSI-RS for beam management.

	Ericsson
	Extend the agreement to all CSI-RS. Currently, there are no restrictions at all for other types of CSI-RS, so any scheduling is possible.



3.4 CSIRS+PDSCH
Proposed solutions can be categorized as follows:
1. Same solution for all CSIRS+PDSCH combinations
a. PDSCH is prioritized for spatial QCL purposes

2. 2 types of CSIRS+PDSCH combinations
a. A) CSIRS is prioritized for some combinations B) Left to UE implementation for some combinations
b. A) PDSCH is prioritized for some combinations B) UE does not expect FDM multiplexing for some combinations
c. A) NW configuration ensures spatial QCL B) UE does not expect FDM multiplexing for some combinations
d. A) CSIRS is prioritized for some combinations B) NW configuration ensures spatial QCL for some combinations
e. A) PDSCH is prioritized for some combinations B) CSIRS is prioritized for some combinations
f. A) PDSCH is symbol-level rate-matched on the overlapping OFDM symbols B) NW configuration ensures spatial QCL for some combinations

3. Solutions depending on scheduling offset and/or P/SP/AP CSIRS 

Proposal: Down-select to 2a, 2b, 2e, 2f, 3

Offline conclusion:
For the case of CSIRS+PDSCH on the same OFDM symbols where spatial QCL is configured for CSI-RS
1. NW configuration should ensure spatial QCL
a. UE is required to decode PDSCH that is overlapping with one or more symbols configured with CSI-RS with repetition=ON
b. [bookmark: _GoBack]Note: The UE is not expected to perform Rx beam refinement on CSIRS symbols configured with CSI-RS with repetition=ON


2. NW configuration should ensure spatial QCL
a. UE is expected to symbol level rate-match PDSCH that is overlapping with one or more symbols on the symbols configured with CSI-RS with repetition=ON
i. DMRS should not be affected by rate matching

3. NW configuration should ensure spatial QCL
a. UE is not expected to receive PDSCH that is overlapping with one or more symbols configured with CSI-RS with repetition=ON
i. DMRS should not be affected by rate matching





	Company
	Comments

	Nokia
	Our proposal is 2e)
UE should priorize PDSCH reception over BM RS (CSI-RS (when value of repetition set to OFF)/SSB) based measurements outside of SMTC window when no failure condition is applied.
When the value of repetition related to CSI-RS is set ON, UE is allowed to priorize BM measurements (SSB and CSI-RS measurement) over PDSCH. 

	Huawei, HiSilicon
	Generally prefer category #2.
For Alt-2-f-A, following the comment in Section 3.1, we propose to update it as follows. 
A) PDSCH is symbol-level rate-matched on the overlapping OFDM symbols if the CSI-RS resource set is configured with repetition “ON” and the associated ReportQuantity is configured as “no report”

	ZTE
	Generally we support Alt-3, and, to be more specific, have the following solutions:
If collision happens, QCL-overriding rule is applied according to the following priority: 
PDSCH > ap-CSI-RS > sp-CSI-RS/p-CSI-RS# > candidate  PDSCH# = candidate ap-CSI-RS
Notes: The same rule is applied to any type of CSI-RS and CSI-IM.
Notes: Spatial Rx QCL of RS in same priority level should be ensured by the NW configuration
Notes#: UE assumes that  candidate PDSCH should rate-match around the CSI-RS symbol(s) if the default spatial Rx QCL assumption is different from CSI-RS.

	Qualcomm
	Our proposal is 2.f: For CSIRS for BM with Repetition ON, PDSCH is always symbol-level rate ,matched, otherwise network ensures spatial QCL.

	Ericsson
	Generally, we prefer category 2. We prefer that the UE prioritizes CSI-RS if it used for a measurement report. Otherwise, it is up to UE implementation. Hence alt 2a

	Intel
	Alt 2b: For the case of CSI-RS with Rep-ON + PDSCH case, PDSCH is not required to be decoded.
If multiple CSIRS resources each with a different TCI states, collide with PDSCH then PDSCH is not required to be decoded
For all other CSIRS cases (one or multiple CSIRS) network to ensure QCL with PDSCH. For these cases if QCL is not ensured then it is treated as an error case. – Example of an error case is when periodic CSIRS collides with a PDSCH occurring before the (UE capability based) threshold. 



3.5 PDCCH+PDSCH

Proposed solutions can be categorized as follows:
1. CORESET is prioritized
2. PDSCH is prioritized
3. NW configuration ensures spatial QCL
4. Solutions depending on scheduling offset

Proposal: Down-select to 1, 2, 4
For further discussion 
For the case of PDSCH+PDCCH simultaneous RX in case spatial RX is configured and is different between the two channels
· Alt1: CORESET is prioritized
· Supported by Ericsson, Intel, Huawei, HiSilicon, DOCOMO, CATT
· Alt2: PDSCH is prioritized depending on scheduling offset
· Before threshold, CORESET is prioritized
· After threshold, PDSCH is prioritized
· Supported by Qualcomm, Spreadtrum, LG, ZTE, MediaTek, OPPO, Samsung, Intel
Further discussion this week. Decision will be made this week. Further refinement of alt1 and alt2 are possible.
Offline agreement:
For the case of PDSCH+PDCCH simultaneous RX in case spatial RX is configured and is different between the two channels
· Alt1: CORESET is prioritized 
· spatial QCL associated with CORESET is applied to the PDSCH 
· FFS: PDSCH slot aggregation case
· 
· Supported by Ericsson, Intel, Huawei, HiSilicon, DOCOMO, CATT, LG

· Alt2: PDSCH is prioritized depending on scheduling offset
· Before threshold, CORESET is prioritized
· After threshold, PDSCH is prioritized
· Supported by Qualcomm, Spreadtrum, LG, ZTE, MediaTek, OPPO, Samsung, Intel


	Company
	Comments

	Huawei, HiSilicon
	Solution 1

	ZTE
	Support Solution 2 and 4
If collision happens, QCL-overriding rule is applied according to the following priority: PDSCH > PDCCH/ CORESET, taking into account that PDSCH is dynamically scheduled rather than semi-static like PDCCH.
UE assumes the same Spatial Rx QCL between PDCCH/CORESET and candidate  PDSCH

	Qualcomm
	Alt. 2. In detailed words:
In FR2, when a UE is scheduled a PDSCH on an OFDM symbol in which the UE is also configured to monitor CORESET which has a different QCL Type D than the PDSCH, the UE is expected to prioritize the reception/processing of PDSCH over the monitoring of the specific CORESET

	Ericsson
	Solution 1, but prefer to talk about PDCCH rather than CORESET, since a CORESET does not have a starting point in time.

	Intel 
	Alt 1 for the sake of simplicity. Alt 2 is more optimised but needs a lot more discussion and specification.  
Discussion for Alt2 case:
Assume no TCI configuration for CORESET0. We consider the following cases:
PDSCH scheduled by PDCCH in CORESET0 + non CORESET0 : TBD 
PDSCH scheduled by PDCCH in CORESET0 + CORESET0 : TBD 
PDSCH scheduled by PDCCH in non-CORESET0 + CORESET0 : Can prioritize CORESET before threshold, prioritize PDSCH after threshold (to allow overriding CORESET QCL by DCI indicated PDSCH QCL)
PDSCH scheduled by PDCCH in non-CORESET0 + non-CORESET0 : Can prioritize CORESET before threshold, prioritize PDSCH after threshold (to allow overriding CORESET QCL by DCI indicated PDSCH QCL)



3.6 CSIRS+PDCCH

Proposed solutions can be categorized as follows:
1. Same solution for all CSIRS+PDCCH combinations
a. NW configuration should ensure spatial QCL 
2. 2 CSIRS+PDCCH combinations
a. A) CSIRS is prioritized for some combinations B) NW configuration should ensure spatial QCL for some combinations
3. Solutions depending on scheduling offset and P/SP/AP CSIRS and/or scheduling offset

Proposal: Down-select to 1, 2
Agreement
For the case of CSIRS+PDCCH on the same OFDM symbols where spatial QCL is configured for CSI-RS
4. NW configuration should ensure spatial QCL
a. UE is not expected to be configured with CSI-RS with repetition=ON in the symbols UE is configured to monitor the CORESET

Offline Agreement:
Above agreement applies to both same BWP as well as intra-band CA if spatial QCL is applicable.
Offline conclusion:
Alt 1: For the case of CSIRS+PDCCH on the same OFDM symbols, if CSI-RS is not configured with spatial QCL, the UE follows the spatial QCL associated with the PDCCH

· Huawei, HiSilicon, Ericsson, CATT, DOCOMO, LG
·  
Alt 2: No need for further definition of UE behavior for the case of CSIRS not configured with spatial QCL overlapping with PDCCH on an OFDM symbol
· Intel, Qualcomm, Samsung IDC


	Company
	Comments

	Huawei, HiSilicon
	We prefer to prioritize PDCCH. In addition, the default QCL assumption for CSI-RS can be set as that of PDCCH, as described in the following proposal: 
If the offset between the reception of DL DCI and CSI-RS is less than the threshold Threshold-Sched-Offset, UE should make the QCL assumption of CSI-RS according to PDCCH QCL indication of the lowest CORESET-ID.

	ZTE
	Support Alt-1. According to my knowledge, Alt-1 has been agreed, right?

	Qualcomm
	Alt. 1. This was discussed before and it was concluded with Alt. 1 
In FR2, a UE is not expected to be configured with two CORESETs on the same OFDM symbol unless they have the same QCL Type D.

	Intel
	Alt 2a. We think CSIRS with Rep-On case multiplexing with CORESET should be considered separately (CSIRS prioritized?) – for other cases NW configuration should ensure spatial QCL



3.7 PDCCH+PDCCH
Proposed solutions can be categorized as follows:
1. UESS is prioritized
2. NW configuration ensures spatial QCL
3. CC index for CA case

Proposal: consider a joint session with DL control
	Company
	Comments

	Huawei, HiSilicon
	Option 3

	ZTE
	Option 2. 
It is very confusing why gNB would like to have different QCL configurations for the PDCCH with explicitly configured TCI states, as one kind of semi-static configuration, within the same time instance.
Meanwhile CSS should be prioritized over UESS.

	Qualcomm
	Alt. 2. In FR2, a UE is not expected to be configured with two CORESETs on the same OFDM symbol unless they have the same QCL Type D.

	Ericsson
	Option 1. It may be so that there is a CSS in every slot. It should be possible for the NW to reach the UE using UESS.

	Intel
	We think a joint session with DL control is needed here – even if decide to prioritize, how to prioritize should consider input from DL control session.



3.8 CSIRS+CSIRS
Proposed solutions can be categorized as follows.
1. NW configuration ensures spatial QCL
2. Prioritization based CSIRS function
3. 2 types of CSIRS+CSIRS combinations 
a. A) UE is not expected to receive some FDM multiplexing combinations B) NW configuration should ensure spatial QCL for some combinations
4. 3 types of CSIRS+CSIRS combinations 
a. A) UE is not expected to receive some FDM multiplexing combinations B) NW configuration should ensure spatial QCL for some combinations C) Prioritization based on CSIRS function and P/SP/AP
5. Solutions depending on P/SP/P CSIRS and/or whether TCI state is configured and/or CSIRS function

Proposal: Down-select 2, 3, 5
	Company
	Comments

	Huawei, HiSilicon
	Solution 2
CSI-RS for RLM/BFR > CSI-RS for BM > CSI-RS for CSI acquisition

	ZTE
	Solution 5, and we the following solution as details:
If collision happens, QCL-overriding rule is applied according to the following priority: ap-CSI-RS > sp-CSI-RS/p-CSI-RS >  candidate  ap-CSI-RS.
Meanwhile, ap-CSI-RS (scheduled by earlier DCI) is skipped if the ap-CSI-RS (earlier) is collided with ap-CSI-RS (scheduled by later DCI). 
Notes: Spatial Rx QCL of RS in same priority level for sp/p-CSI-RS should be ensured by the NW configuration.

	Qualcomm
	Solution 4 with the following details: In FR2, if two or more CSIRS resources are configured on the same OFDM symbol 
· Network ensures that all CSI-RS resources are configured with CSI-RS Repetition set to ‘OFF’ or not configured, and that it is the same spatial QCL.

	Intel
	Solution 3: Same thinking as Qualcomm 



3.9 PDSCH+PDSCH
Proposed solutions can be categorized as follows.
For the case of different RNTIs
1. Prioritization based on RNTI type
2. NW ensures spatial QCL
3. Solutions depending on scheduling offset 


For the case of (C-RNTI + C-RNTI) CA
1. NW configuration should ensure the same QCL assumption
2. Prioritization based on CC index
3. Solutions depending on scheduling offset 

Proposal: Solution 1 for different RNTI case. Solution 2 for CA case.
Offline conclusion: check control channel session conclusion

	Company
	Comments

	Huawei, HiSilicon
	For the case of different RNTIs, solution 1 is preferred (P-RNTI/SI-RNTI/RA-RNTI > CS-RNTI (Grant free) > C-RNTI (Grant based)).
For the case of (C-RNTI + C-RNTI) CA, prioritization based SCS and CC index is preferred.

	Qualcomm
	Alt. 1. In FR2, the UE is not expected to be scheduled with  PDSCH + PDSCH with different RNTIs on the same OFDM symbol unless QCL Type D is the same. The same for CA scenario.

	Ericsson
	For different RNTIs, solution 1 is preferred. Note that there are already agreements from the ctrl session on the combination SI-RNTI+C-RNTI.


	Intel
	Alt 1 For non-CA: (different RNTI)
Consider PDSCH on CORESET0 -> QCL cannot be ensured
We need RNTI based prioritization but also check if it depends on threshold
For CA:
Extend non-CA case with CC index



3.10 SSB+SSB (CA case)
Proposed solutions can be categorized as follows. 
1. Left to UE implementation
2. NW ensures spatial QCL

Proposal: TBD
	Company
	Comments

	Qualcomm
	Alt. 2. In FR2, for SSB + SSB, in a multi-CC scenario, the UE is not expected to be configured with different QCL Type D.



4. Uplink multiplexing issues
4.1 PUCCH+PUCCH
Proposed solutions can be categorized as follows. 
1. NW configuration should ensure the same QCL assumption
2. Prioritization based on Pcell/CC index
3. Prioritization based on PUCCH content

	Company
	Comments

	Huawei, HiSilicon
	Prioritization first based on SCS, and then CC index

	ZTE
	Solution 1

	Qualcomm
	For the scenario that the PUCCH+PUCCH FDMing is allowed on the same symbol (that is, only for the scenario of multiple CCs which are in different PUCCH groups), we propose Alt. 1 + the two channels share the same starting and ending symbol.



4.2 PUSCH+PUSCH
Proposed solutions can be categorized as follows. 
1. NW configuration should ensure the same QCL assumption
2. Prioritization based on Pcell/CC index

	Company
	Comments

	Huawei, HiSilicon
	Prioritization first based on SCS, and then CC index.
And it should be spatial relation instead of QCL assumption.

	ZTE
	Solution-1

	Qualcomm
	This scenario does not exist for the case of same CC. For the scenario of different CCs we propose: Alt. 1 + the two channels share the same starting and ending symbol.



4.3 SRS+SRS
Proposed solutions can be categorized as follows. 
1. NW configuration should ensure the same QCL assumption
2. Prioritization based on Pcell/CC index
3. Prioritization based on SRS function (SRS-BM, SRS-CB, SRS-non-CB, SRS-antenna-switch)
4. Prioritization based on AP/SP/P SRS SRS
5. #. of different RSs in higher layer parameter spatialRelationInfo for all SRS+SRS should be no more than the maximum number of  SRS resources transmitted simultaneously for UE capability

	Company
	Comments

	Huawei, HiSilicon
	For the case of CA: Firstly based on SCS, then based on CC index 
For the case of single CC: SRS for BM > SRS for NCB > SRS for CB.
And it should be spatial relation instead of QCL assumption.

	ZTE
	Support Solution-5.

	Qualcomm
	For same CC: For the scenarios that the SRS+SRS FDMing of SRS resources on the same symbol has been agreed to be supported in the specification (that is, only for noncodebook based and UL beam management), we propose Alt. 1. 
For SRS+SRS FDMing across different CCs, Alt.1 with additional constraints are needed:
· Any of the SRS resources does not belong to a set which is for antenna switching
· the SRS resources have the same duration and is fully overlapped.



 4.4 PUCCH+PUSCH
Proposed solutions can be categorized as follows. 
1. NW configuration should ensure the same QCL assumption
2. If multiple numerologies, signal in CC with the smaller SCS; otherwise, PUCCH is prioritized.

	Company
	Comments

	Huawei, HiSilicon
	We added solution 2 as above, and it should be spatial relation instead of QCL assumption.

	ZTE
	Solution-1

	Qualcomm
	For the scenario that the PUCCH+PUSCH FDMing is allowed on the same symbol (that is, only for the scenario of multiple CCs which are in different PUCCH groups), we propose Alt. 1 + the two channels share the same starting and ending symbol.



4.5 SRS+PUCCH
Proposed solutions can be categorized as follows. 
1. NW configuration should ensure the same QCL assumption
2. If multiple numerologies, signal in CC with the smaller SCS; otherwise, PUCCH is prioritized

	Company
	Comments

	Huawei, HiSilicon
	We added solution 2 as above, and it should be spatial relation instead of QCL assumption.

	ZTE
	Solution-1

	Qualcomm
	Alt. 1 (that is Spatial QCL) is not enough to ensure that this feature would work. Specifically, the UE is not expected to be configured to transmit on the same OFDM symbol with an SRS resource and a PUCCH/PUSCH across different CCs in intra-band CA unless the following conditions are satisfied:
· the same spatial QCL if configured 
· the SRS resource does not belong to a set which is for antenna switching
· the SRS resource has the same duration and is fully overlapped with the PUCCH/PUSCH.



4.6 SRS+PUSCH
Proposed solutions can be categorized as follows. 
1. NW configuration should ensure the same QCL assumption
2. If multiple numerologies, signal in CC with the smaller SCS; otherwise, PUSCH is prioritized

	Company
	Comments

	Huawei
	We added solution 2 as above, and it should be spatial relation instead of QCL assumption.

	ZTE
	Solution-1

	Qualcomm
	Alt. 1 (that is Spatial QCL) is not enough to ensure that this feature would work. Specifically, the UE is not expected to be configured to transmit on the same OFDM symbol with an SRS resource and a PUCCH/PUSCH across different CCs in intra-band CA unless the following conditions are satisfied:
· the same spatial QCL if configured 
· the SRS resource does not belong to a set which is for antenna switching
· the SRS resource has the same duration and is fully overlapped with the PUCCH/PUSCH.
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