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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN#90-e meeting, the Rel. 17 NR_ext_to_71GHz WID [1] was approved.  Multiple agreements were reached during Rel. 17 towards realizing these objectives. In this contribution we consider remaining details pertaining to enhanced support for scheduling multiple PDSCH using a single DCI, as well as beam switching gap related issues. We note that no agreement related to beam switching gap has yet been made and recall the agreements made in Rel. 17 for enhanced support of scheduling multiple PDSCH using a single DCI.
Agreement (in RAN1#106-e):
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
Agreement (in RAN1#107-e)
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 (in RAN1#107-e)
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 (in RAN1#107-e)
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.

In addition, the following agreement was reached in RAN1#107bis-e.
Agreement (in RAN1#107bis-e)
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' or tci-PresentDCI-1-2 is configured for the CORESET, 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 a the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
*** Unchanged text omitted ***
If the PDCCH carrying the scheduling DCI is received on one component carrier, and a the PDSCH scheduled by that DCI is on another component carrier:
-    The timeDurationForQCL is determined based on the subcarrier spacing of the scheduled PDSCH. If µPDCCH < µPDSCH an additional timing delay  is added to the timeDurationForQCL, where d is defined in 5.2.1.5.1a-1, otherwise d is zero;
-    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.
*** Unchanged text omitted ***
2 QCL-D Assumptions for Scheduling Multiple-PDSCH using a single DCI
[bookmark: _Hlk95476349]In RAN1#107bis-e there was progress on a remaining issue in single-TRP multi-PDSCH scheduling by a single DCI. This issue pertains to UE QCL-D assumption for PDSCH with offsets greater than or equal to timeDurationForQCL. It was agreed (based on a slight majority) that the UE will use the set of activated TCI states applicable to the first such PDSCH, in order to determine the applied TCI state for all such PDSCH (based on that activated set of states and indicated TCI codepoint in the scheduling DCI). However, there were conflicting views on whether the set of activated TCI states must also be kept invariant across all such PDSCH. These views are represented by the following two proposals (in which we have omitted the common or unchanged parts) [2].
[bookmark: _Hlk95258877]Proposal 2.1-b:
If a PDSCH is scheduled by a DCI format having the TCI field present, the TCI field in DCI in the scheduling component carrier points to the activated TCI states in the scheduled component carrier or DL BWP, the UE shall use the TCI-State according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. 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 the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL, where the threshold is based on reported UE capability [13, TS 38.306]. 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. 
*** Unchanged text omitted ***
Proposal 2.1-e:
[bookmark: _Hlk95259028][bookmark: _Hlk95476483]If a PDSCH is scheduled by a DCI format having the TCI field present, the TCI field in DCI in the scheduling component carrier points to the activated TCI states in the scheduled component carrier or DL BWP, the UE shall use the TCI-State according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. 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 the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL, where the threshold is based on reported UE capability [13, TS 38.306]. 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, 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. When the UE is configured with higher layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17] and not configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot corresponding to the first scheduled PDSCH.
*** Unchanged text omitted ***

Our slight preference is for Proposal 2.1-e based on the following reasoning.
For multi-PDSCH scheduling using a single DCI, while the maximal allowed number of scheduled PDSCH is eight, it has been concluded in RAN1#107bis-e that no gap between (i) consecutively scheduled PDSCHs as well as (ii) between first PDSCH and last PDSCH, will be specified in Rel.17. 
An implication of this conclusion is that the span from the first PDSCH with offset greater than or equal to timeDurationForQCL to the last such PDSCH can be quite large. Indeed, this span is limited only by K0 which can be upto 128 slots (for both 480 and 960 KHz SCS) and timeDurationForQCL which can be as small as 4 and 8 slots for 480 and 960 KHz SCS, respectively. This is in contrast to the Rel.16 multi-slot PDSCH which must occur over contiguous slots. Thus, the absolute time duration spanned by Rel. 16 multi-slot PDSCH at its maximum of eight contiguous slots in 120 KHz SCS can be almost four times smaller than that spanned by (128 - 4) = 124 slots in Rel. 17 multi-PDSCH at 480 KHz SCS.
It can therefore be seen that forcing the activated set of TCI states to be invariant across all such scheduled PDSCH slots would be a relatively stricter restriction for Rel.17 multi-PDSCH. In this context we note that no maximal gap for such PDSCH was enforced mainly in order to avoid restricting scheduling flexibility. 
[bookmark: _Hlk95261074]Proposal 1: Adopt Proposal 2.1-e to address the issue of activation of the set of TCI states across PDSCH with offsets greater than or equal to timeDurationForQCL in single DCI multi-PDSCH scheduling.
[bookmark: _Hlk95728591]If a PDSCH is scheduled by a DCI format having the TCI field present, the TCI field in DCI in the scheduling component carrier points to the activated TCI states in the scheduled component carrier or DL BWP, the UE shall use the TCI-State according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. 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 the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL, where the threshold is based on reported UE capability [13, TS 38.306]. 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, 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. When the UE is configured with higher layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17] and not configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot corresponding to the first scheduled PDSCH.
*** Unchanged text omitted ***
3 Beam Switching Gap
We note that RAN4 has considered the beam switch time required by a UE to change its beam directions. While no recommendation has yet been made, values of upto 200 ns are being discussed. Assuming this value it is seen that adjacent symbol reception with differing receive beams would not be possible for a UE in both 480 and 960 KHz SCS. However, no more than one symbol duration would be required to accommodate this gap in either case.  For the purposes of scheduling restriction (via provisioning a symbol gap) any two signals/channels with different QCL Type-D assumptions need to be considered. 
It would be beneficial for the UE to report its beam switching time. However, this time should preferable be reported in units of ns and not in units of symbols. The latter that would be too limiting since then the gNB would not be in a position to properly determine if the reported capability together with estimated channel delay spread and impact of other factors indeed necessitate provisioning for a symbol gap or not.  
In addition, the mechanism adopted to deal with overlapping PDCCH/PDCCH and PDCCH/PDSCH with different QCL-D situations in FR2-1, should be reused to obtain UE behavior for adjacent symbol PDCCH/PDCCH and PDCCH/PDSCH with different QCL-D (whenever that UE cannot support adjacent symbol beam switch and reception).
Based on the aforementioned observations, we have the following proposals. 
Proposal 2: Regarding beam switch time, support the following
· Support a UE capability signalling for beam switch time.
· UE is not expected to receive adjacent symbols with different QCL-D assumptions when the indicated beam switch time of UE is larger than X ns.
· X can depend on the CP time of the operating SCS (eg X =[60] ns for 960 kHz and X=[120] ns for 480 kHz SCS).
[bookmark: _Hlk78553109][bookmark: _Hlk83907166]Proposal 3: 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.
4 Conclusions
In this contribution, we have presented our view on beam management for shared spectrum access in beyond 52.6GHz.  Based on the discussions in the previous sections we propose the following.
Proposal 1: Adopt Proposal 2.1-e to address the issue of activation of the set of TCI states across PDSCH with offsets greater than or equal to timeDurationForQCL in single DCI multi-PDSCH scheduling.
If a PDSCH is scheduled by a DCI format having the TCI field present, the TCI field in DCI in the scheduling component carrier points to the activated TCI states in the scheduled component carrier or DL BWP, the UE shall use the TCI-State according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. 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 the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL, where the threshold is based on reported UE capability [13, TS 38.306]. 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, 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. When the UE is configured with higher layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17] and not configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot corresponding to the first scheduled PDSCH.
*** Unchanged text omitted ***
Proposal 2: Regarding beam switch time, support the following
· Support a UE capability signalling for beam switch time.
· UE is not expected to receive adjacent symbols with different QCL-D assumptions when the indicated beam switch time of UE is larger than X ns.
· X can depend on the CP time of the operating SCS (eg X =[60] ns for 960 kHz and X=[120] ns for 480 kHz SCS).
Proposal 3: 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.
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