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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we will discuss the remaining beam management aspects for 52.6-71GHz spectrum.
Discussion 
[bookmark: _Ref129681832]Clarification of maxNumberRxTxBeamSwitchDL
The definition of maxNumberRxTxBeamSwitchDL is as follows:
	maxNumberRxTxBeamSwitchDL
Defines the number of Tx and Rx beam changes UE can perform on this band within a slot. UE shall report one value per each subcarrier spacing supported by the UE. In this release, the number of Tx and Rx beam changes for scs-15kHz and scs-30kHz are not included.



It has been suggested in RAN1#104-e that the definition of maxNumberRxTxBeamSwitchDL should be clarified in this WI [1]. In particular, there are cases that current assumptions on the change of UE spatial domain filter are unclear. For example, when two adjacent symbols are UL-DL or DL-UL, from beam switching point of view, UE’s spatial domain filter may not actually be changed due to the beam correspondence or the unified TCI applied to both UL and DL signals. However, in our view, as Tx/Rx (or Rx/Tx) conversion causes additional time cost, UL-DL or DL-UL should be counted even without spatial domain filter change. As the same issue also exists in current specification, both FR2-1 and FR2-2 should follow the same behavior. 
Proposal 1:  UL-DL or DL-UL w/o spatial domain filter change should be counted as a beam switch in maxNumberRxTxBeamSwitchDL for both FR2-1 and FR2-2.
Scheduling restrictions to address beam switching latency
Although the beam switch time at gNB is [59ns] according to the reply from RAN4 [2], 200 ns beam switch time at the UE side is suggested in RAN4 [3]:
	-	Proposals:
-	Option 1: 200 nsec for all SCS (Huawei, vivo, Apple, MediaTek, Qualcomm, OPPO)
-	Option 2: 50 nsec for all SCS (Nokia, Ericsson)
-	Option 3: 200 ns is too long, this requires more discussion (Ericsson)
-	Recommended WF by Moderator in the first round:
-	Option 1
-	Tentative agreement based on majority view:
-	Option 1 (200 nsec for all SCS)
NOTE: no agreement was reached on this topic



 Even if UE side beam switch time is less than but comparable to the CP length of 73ns (146ns) in 960kHz (480kHz), in a realistic scenario, effects of channel dispersion, synchronization errors, and gNB MIMO TAE may be added to the beam switching time; making the overall latency not be absorbable within the CP of the OFDM symbol. Note also that although the UE receives DL signals/channels during the beam switch time, its beam is uncontrollable before the beam is steady. If any parts of the beam switch interval falls outside of the CP time into the OS, demodulation performance will be negatively impacted. As such, a full symbol gap needs to be considered for 960k Hz and 480 kHz if UE beam switch time is comparable to the CP time. Therefore, we propose the following:
Proposal 2: Regarding beam switch time, support the following 
· 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.
Beam management for Multi-PDSCH/PUSCH scheduling
In RAN1 107-e, QCL assumptions for multi-PDSCH for cross-carrier scheduling remained to be addressed. Similar to the agreements in RAN1 107-e that clarify the QCL assumptions of multi-PDSCH for the non-cross carrier case, Rel-16 QCL assumptions for cross-carrier scheduled PDSCH should be applied to each PDSCH of the cross-carrier scheduled multi-PDSCH in Rel-17. Note also that, based on the following agreements, our understanding is that DCI format 1_2 does not support multi-PDSCH scheduling. Therefore, the QCL assumption related to tci-PresentDCI-1-2 configuration for cross-carrier scheduling in Rel-16 should not be extended to multi-PDSCH scheduling case in Rel-17.
	RAN1#105-e:
Agreement:
· Do not use fallback DCI (i.e., DCI formats 0_0 and 1_0) for multi-PDSCH/PUSCH scheduling.
· Use DCI format 0_1 to schedule multiple PUSCHs with a single DCI.
· Use DCI format 1_1 to schedule multiple PDSCHs with a single DCI.
RAN1#106b-e:
Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, the value range of k1 indicated in RRC is -1 ~ 127 for DCI format 1_1 and 0 ~ 127 for DCI format 1_2.
· Note: this does not imply that DCI format 1_2 supports multi-PDSCH scheduling



Based on above discussion, we can support Proposal 1e in [4] with a slight modification in its last sub-bullet for the sake of accuracy: The case that tci-PresentInDCI is not present in the scheduling DCI  and the UE is configured with enableDefaultBeamForCCS in the last sub-bullet of Proposal 1e is already addressed in the previous sub-bullet of Proposal 1e in “When the UE is configured with enableDefaultBeamForCCS, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, or if the DL DCI does not have the TCI field present…” and does not need to be repeated in the last sub-bullet. 

Proposal 3: For single-TRP with multi-PDSCH cross-carrier scheduling support Proposal 1e in [4] with a slight modification as follows:
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rule is applied for each scheduled PDSCH if the UE is not configured with enableDefaultBeamForCCS:
· When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with enableDefaultBeamForCCS, the UE expects tci-PresentInDCI is set as 'enabled', and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains qcl-Type set to 'typeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
· The following Rel-16 rule is applied for each scheduled PDSCH if the UE is configured with enableDefaultBeamForCCS:
· When the UE is configured with enableDefaultBeamForCCS, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, or if the DL DCI does not have the TCI field present, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL if the UE is configured with enableDefaultBeamForCCS.
[bookmark: OLE_LINK101][bookmark: OLE_LINK102][bookmark: OLE_LINK93][bookmark: OLE_LINK94]Discussion on Rel-17 behavior for multi-PDSCH scheduling
[bookmark: OLE_LINK193][bookmark: OLE_LINK194]In the email thread for 38.214 draft CR after RAN1 107-e, there was a discussion on whether the indicated TCI state used for multi-PDSCH scheduling should be based on the activated TCI states in the slot with the scheduled PDSCH (Alt-a below) or based on the on the activated TCI states in the first slot with the scheduled PDSCH (Alt-b below)
	· Alt-a:
When the UE is configured with a single slot PDSCH or the UE is configured with higher layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17], the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. 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.
· Alt-b:
When the UE is configured with a single slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. When the UE is configured with a multi-slot PDSCH or the UE is configured with higher layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17], 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.



[bookmark: _GoBack]As per Agreement I, II, III in RAN1#107-e (shown in the Appendix), when the UE is configured with [pdsch-TimeDomainAllocationListForMultiPDSCH-r17], the following observations can be made:
· If the DCI schedules PDSCH_0,…, PDSCH_M and if the offset of PDSCH_m =O_m < timeDurationForQCL, the default QCL that is applied to PDSCH_m is the same as the case when the DCI schedules a single PDSCH_m with the same offset O_m. 
· If the DCI schedules PDSCH_0,…, PDSCH_M and if the offset of PDSCH_m = O_m  timeDurationForQCL, the QCL assumption that is applied to PDSCH_m is the same as the case when the DCI schedules a single PDSCH_m with the same offset O_m. 
In other words, each PDSCH in multi-PDSCH is considered individually and its QCL assumption follows that of the corresponding Rel-15 (for single TRP scheme) or Rel-16 (for multi-TRP scheme). In our view, a similar principle should also apply to the issue of activated TCI state; that is, the indicated TCI state should be based on the activated TCI states in the slot of the scheduled PDSCH (Alt-a above). Further, based on Agreement III, when the following conditions are met:
· UE is configured with [pdsch-TimeDomainAllocationListForMultiPDSCH-r17] where a PDSCH_m is in slot m and a PDSCH_n in is slot n (m<n) and both have offsets < timeDurationForQCL. 
· A MAC command is received so that UE should change the set of activated TCI states from set {L_1} to set {L_2} in slot k where (m<k<n).
· Note: The response time to MAC command is    slots after the transmission of HARQ-ACK corresponding to the PDSCH carrying MAC command: “When the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH carrying the activation command, the indicated mapping between TCI states and codepoints of the DCI field 'Transmission Configuration Indication' should be applied starting from the first slot that is after slot where  is the SCS configuration for the PUCCH.”
· UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states.
· UE is configured with repetitionScheme set to 'tdmSchemeA',
Then, for deriving the QCL assumptions of the two PDSCH transmission occasions of PDSCH_m (both of which are in the same slot m), UE uses the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states in set {L_1} and for deriving the QCL assumptions of the two PDSCH transmission occasions of PDSCH_n (both of which are in the same slot n), UE uses the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states in set {L_2}. Therefore, if MAC command arrives at the right time, it can be concluded from Agreement III that set of activated TCI states used for PDSCH_m and the set of activated TCI states used for PDSCH_n can be different when both PDSCH_m and PDSCH_n have offsets less than timeDurationForQCL. It is obvious that Alt-b would be at odds with the above conclusion. As such, we propose the following:
Proposal 4: Support the following TP in clause 5.1.5 of 38.214
	< Unchanged parts are omitted >
When the UE is configured with a single slot PDSCH or the UE is configured with higher layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17], the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. 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.
< Unchanged parts are omitted >



Conclusions
In this paper, we discussed the beam related issues above 52.6GHz with the following proposals.
Proposal 1:  UL-DL or DL-UL w/o spatial domain filter change should be counted as a beam switch in maxNumberRxTxBeamSwitchDL for both FR2-1 and FR2-2.
Proposal 2: Regarding beam switch time, support the following 
· 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.
Proposal 3: For single-TRP with multi-PDSCH cross-carrier scheduling support Proposal 1e in [4] with a slight modification as follows:
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rule is applied for each scheduled PDSCH if the UE is not configured with enableDefaultBeamForCCS:
· When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with enableDefaultBeamForCCS, the UE expects tci-PresentInDCI is set as 'enabled', and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains qcl-Type set to 'typeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
· The following Rel-16 rule is applied for each scheduled PDSCH if the UE is configured with enableDefaultBeamForCCS:
· When the UE is configured with enableDefaultBeamForCCS, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, or if the DL DCI does not have the TCI field present, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL if the UE is configured with enableDefaultBeamForCCS.
Proposal 4: Support the following TP in clause 5.1.5 of 38.214
	< Unchanged parts are omitted >
When the UE is configured with a single slot PDSCH or the UE is configured with higher layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17], the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. 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.
< Unchanged parts are omitted >
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Appendix
Agreement I
For Case 2 for single TRP and PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rule is applied for each PDSCH < timeDurationForQCL:
· The UE may assume that the DM-RS ports of a PDSCH 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.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL:
· Note: there might be no need for specification impact from this agreement

Agreement II
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset < timeDurationForQCL:
-    If a UE is configured with enableDefaultTCI-StatePerCoresetPoolIndex and the UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets, 
-    the UE may assume that the DM-RS ports of PDSCH associated with a value of coresetPoolIndex 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 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.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset ≥ timeDurationForQCL.
 Agreement III
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset < timeDurationForQCL:
-    If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset ≥ timeDurationForQCL.

