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1 Introduction

In RAN#81 meeting, the updated NR specifications after RAN1#94 meeting were endorsed. It has been agreed that RAN1 shall continue to focus on stabilizing the current Rel-15 NR specifications in RAN1#94bis and RAN1#95 meetings. There are some remaining details on beam management which need to be refined or updated in the specification. We provide our draft CRs on beam management related issues. This is a companion contribution to reveal the rationale for the draft CRs.
2 Beam management

2.1 Beam indication for non-CA cases

2.1.1 Slot-aggregated PDSCH 

Slot aggregation is supported and described in TS38.214 as follows. When the UE is configured with aggregationFactorDL > 1, the same symbol allocation is applied across the aggregationFactorDL consecutive slots. The UE may expect that the TB is repeated within each symbol allocation among each of the aggregationFactorDL consecutive slots and the PDSCH is limited to a single transmission layer. These multi-slot PDSCH is scheduled by one DCI. When the aggregated PDSCH is spanned across threshold Threshold-Sched-Offset, the part of the scheduled PDSCH has the scheduling offset less than the threshold but the other part of the scheduled PDSCH has the scheduling offset is equal or greater than the threshold. In such a case, some further clarification is necessary. 

Meanwhile we have the following agreement for single slot PDSCH, but it also should be further studied for which one of the associated slots should be used for determining TCI state during slot-aggregated PDSCH transmission 
	Agreement

The indicated TCI should be based on the candidate TCI states in the slot with the scheduled PDSCH

· Applies for single slot PDSCH


Taking into account the case of aggregated slots with less than the threshold, UE can NOT know which Tx beam is indicated before decoding DCI, and so the default beam should be kept unchanged as CORESET with lowest ID in the latest slot. Once it is across threshold, the TCI indicated QCL should be used with objective of keeping gNB scheduled flexibility. In addition, the time offset and one unified behavior, irrespective of single slot or aggregated slot PDSCH, should be specified in the spec. The unified behavior includes that the indicated TCI should be also based on the candidate states in each of the scheduled slot of PDSCH in case of aggregated slots.
Proposal-1: Time offset toffset is defined as the time duration from the end of last symbol of PDCCH carrying the scheduling DL DCI to the beginning of the first symbol of corresponding PDSCH in each of the scheduled slots.

· The applied TCI in each of the scheduled slots of the PDSCH should be based on the candidate TCI states in the corresponding scheduled slot or TCI applied for the CORESET with lowest ID in the corresponding scheduled slot depending on whether toffset is less than a threshold Threshold-Sched-Offset.
Specifically, for the case of slot-aggregated PDSCH i.e. when the UE is configured with aggregationFactorDL > 1, 

·  toffset is defined per each of the aggregationFactorDL scheduled slots respectively.
Besides, taking into account the time domain behavior is configured for search space rather than CORESET, the default QCL assumption should depend on the CORESET with lowest ID in the latest slot, in which the search space is configured.  
Proposal-2: Endorse ‘R1-1812266 Draft CR1 to TS 38.214 on QCL indication for PDSCH with slot aggregation’.
2.1.2 CSI-RS

In RAN1#94 meeting, we have the following agreement for QCL indication for ap-CSI-RS. 

	Agreement

For the aperiodic CSI-RS triggering, at least the three lowest values of threshold FG 2-28 is used, where there is support in the RRC specification for corresponding triggering slot offsets. The UE is expected to apply the QCL assumptions in the indicated TCI states if the scheduling delay exceeds the threshold advertised in FG 2-28.
Agreement

The default QCL assumption the UE applies in case the scheduling delay is smaller than a threshold: 

· After successful decoding of DCI scheduling the PDSCH, if there is only PDSCH transmitted in the same symbols as the CSI-RS, the default QCL assumption of AP CSI-RS follows the QCL assumption of the PDSCH. 

· Note: Scheduling offset of the PDSCH is larger than or equal to the threshold in this case

· If there is no PDSCH transmitted in the same symbols as the CSI-RS, the default QCL assumption of AP CSI-RS is derived from CORESET with lowest CORESET Id.

· FFS: When there is other downlink signal in the same symbols as the CSI-RS


Regarding the threshold for DL default beam determination, we have the following threshold for ap-CSI-RS [1].

· Candidate threshold for ap-CSI-RS beam switching:  {14, 28, 48, 224, 336} for both 60 kHz and 120kHz SCS

It has no doubt that the candidate value of {224, 336} is related to panel activation for ap-CSI-RS measurement, rather than normal beam switching. If a UE reports one of these large values as its UE capability, it does not make sense to always require the network to indicate QCL assumption for aperiodic CSI-RS with such large scheduling delays i.e. 16 slots or 24 slots.  Then most likely this type of UEs can only be scheduled an aperiodic CSI-RS with default beam assumption which greatly limits the flexibility of these UEs and complicates the network implementation as well. Consequently, if one value of {224, 336} is reported as UE capability for ap-CSI-RS in FG2-28, the maximum value of the three lowest value, i.e., 48, should be applied as the threshold for beam switching for ap-CSI-RS.

· Taking into account the CA case, the default QCL assumption for ap-CSI-RS should be enhanced as the CORESET with lowest CORESET ID in the CC with the lowest CC ID in the latest slot, where the latest slot is prioritized over the lowest CC ID.
Proposal-3: If one value of {224, 336} is configured for UE capability for ap-CSI-RS beam switching in FG 2-28, the UE should reuse the maximum value of the three lowest value in FG 2-28, i.e., 48, as one threshold for the default beam determination for the ap-CSI-RS.
· The default QCL assumption for ap-CSI-RS should be the same as the CORESET with lowest CORESET ID in the CC with the lowest CC ID in the latest slot, where the latest slot is prioritized over the lowest CC ID.

· Endorse ‘R1-1812266 Draft CR2 to TS 38.214 on default QCL assumption for ap-CSI-RS’
2.1.3 SRS

In current TS 38.214 for the UL beam management, the SRS resources in different SRS resource sets can be transmitted simultaneously. However, this rule seems not correct if two SRS resource sets are in different BWPs or have different time domain behavior. As shown in Figure 2, SRS resource set 0 and set 1 are periodic and aperiodic respectively. Since some resources in set 1 may have the same beam with some resources in set 0, the rule is not correct in this case. So, the rule is satisfied only when SRS resource sets for BM have the same time domain behavior in the same BWP.
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Figure 2 SRS for BM
Proposal-4: Endorse ‘R1-1812266 Draft CR3 to TS 38.214 on SRS for beam management’
2.2 Beam indication for CA cases
2.2.1 PDSCH with scheduling offset < K 

Default spatial QCL assumption is still not clear in the current spec for CA cases. The following rules can be used for CA cases.

· For both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured, if the scheduling offset is less than the threshold, UE assumes the default spatial QCL assumption for PDSCH as CORESET with the lowest CORESET ID with at least one search space configured in the CC with the lowest CC ID in the latest slot.

· The latest slot is prioritized over the lowest CC ID.  This means the UE will try to find a valid CORESET with search space in the latest slot first. If multiple CCs in the latest slot have such valid CORESET, then the CORESET with the lowest CORESET ID in the lowest CC ID is used.  This rule makes sure the UE should follow the latest used QCL assumption with higher priority.   
· If PDSCH scheduled in one CC (e.g. CC1) with scheduling offset < K is collided with PDSCH scheduled in another CC (e.g. CC2) with scheduling offset >= K, the spatial Rx QCL assumption of the PDSCHCC1 reception should be overridden by that of PDSCH-CC2 which is based on the indicated TCI state.  This means the default spatial QCL assumption of one CC may change if there is PDSCH scheduled in another CC with scheduling offset >=K.   

Proposal-5: In CA cases, for both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured, if the scheduling offset of one PDSCH transmission is less than the threshold, UE assumes that the default spatial QCL assumption for PDSCH as CORESET with the lowest CORESET ID with at least one search space configured in the CC with the lowest CC ID in the latest slot with the latest slot prioritized over the lowest CC ID.  
Note that the rules in proposal 6 only apply to spatial Rx QCL parameter, the details of deriving QCL parameters other than spatial Rx parameter in CA cases can be found in our companion contribution [2].  We have the following proposal for determining QCL parameters other than spatial Rx parameter in cross-CC scheduling.

Proposal-6: When PDSCH and its scheduling PDCCH are in the different CCs, 
· If TCI field is not present in DCI, UE obtains the QCL assumptions other than QCL-TypeD from the first one of M TCI-States configured for the active BWP in which the PDSCH is scheduled. 
· If TCI field is present in DCI and the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than a threshold Threshold-Sched-Offset, UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.
3 Beam recovery

3.1 Overriding of PUCCH spatial relation after gNB response 

In beam recovery procedure UE is still in RRC CONNECT mode, and consequently all higher layer parameters are still available by default even after gNB response. Considering this, we have the following working assumption for overriding of PUCCH spatial relation after gNB response in RAN1#94bis.
	Working Assumption

K symbols after successfully receiving BFR gNB response, the PUCCH transmissions shall use the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of spatial relation of corresponding PUCCH resource(s)

· Note: The latency of RRC or MAC CE configuration is included as part of time duration for applying the same spatial filter as the PRACH transmission

· The above applies for all BWP(s) corresponding PCell or PSCell

· FFS: value of K

· FFS: whether to apply this for CBRA 


There are still two FFS parts, which are discussed as follows.
· Regarding the value of K, 

· The updating spatial domain filter for PUCCH should be performed after successfully decoding PDCCH and preparing the beam for the PUCCH.In current UE capability, we do not have any related signalling for uplink, but for downlink, in FG 2-2 PDSCH beam switching, we have the candidate thresholds for PDSCH beam switching: {7, 14, 28} symbols for 60 kHz SCS; {14, 28} symbols for 120 kHz SCS. For simplification, one maximum value of FG2-2 can be reused, i.e., K=28 as one fixed value, which means that UE have sufficient time for updating PUCCH beams according to PRACH.

· Notice that, for the perspective of first PUCCH transmission in response to PDSCH scheduled by DCI format 1_0 or 1_1, the PDSCH-to-HARQ feedback timing indicator  in DCI field should contain one sufficient offset, e.g., larger than 2 slots, in order to guarantee the transmission of the corresponding HARQ/NACK. But, it can be up to gNB implementation.
· Regarding CBRA,

· For the perspective of gNB side, gNB can NOT guarantee whether the PRACH transmission is related to BFR, SR or other purposes. To handle this remaining issue, we firstly need to have one more conclusion that one addition flag on beam recovery purpose should be added in Msg3. After that, we can further study how to update the UL spatial domain filter for PUCCH transmission. 
Proposal-7: Confirm the working assumption with the following modifications
K symbols after successfully receiving BFR gNB response, the PUCCH transmissions shall use the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of spatial relation of corresponding PUCCH resource(s)

· Note: The latency of RRC or MAC CE configuration is included as part of time duration for applying the same spatial filter as the PRACH transmission

· The above applies for all BWP(s) corresponding PCell or PSCell

· K=28
· FFS: whether to apply this for CBRA
Proposal-8: Endorse ‘R1-1812266 Draft CR4 to TS 38.213 on PUCCH transmission after successfully receiving gNB response’.
3.2 Clarification on DL-BWP for CSI-RS in q0 and q1 
In beam recovery, q0 can be explicitly configured with CSI-RS resource IDs or implicitly derived from CSI-RS resource IDs through the applied TCI states for PDCCH; meanwhile q1 can be configured with SS/PBCH ID or CSI-RS resource ID.  

· When CSI-RS resources are explicitly configured for q0 or q1, these CSI-RS resources does not contain DL-BWP-ID information due to the fact that the DL-BWP-ID is configured in CSI-RS resource setting level but for BFR CSI-RS resources to be monitored does not need to be associated with any one CSI-RS resource setting according to current RRC configuration framework for CSI-RS.

· When CSI-RS resources are implicitly derived for q0 through the applied TCI states for PDCCH, these CSI-RS resource may be associated with non-active BWP considering cross-BWP QCL indication. 

Therefore, we need to clarify DL-BWP information for CSI-RS in q0 and q1. The following two straightforward solutions can be considered:

· Alt-1: DL-BWP ID for CSI-RS for BFR is assumed as the same BWP ID of the active DL-BWP.
· For the case of implicitly deriving from applied TCIs, the BWP IDs for these CSI-RS resources in q0 are also determined according to the current active BWP ID (Note that CSI-RS resource is configured per cc, and only the portion of CSI-RS in the BWP with the associated BWP-ID is used for measurement).

· Note that CSI-RS resources explicitly configured for BFR does not need to be associated with any one CSI-RS resource setting.

· Alt-2: CSI-RS resources explicitly configured for BFR should be associated with one CSI-RS resource setting, in order to guarantee that the CSI-RS resources have the corresponding DL-BWP IDs.
· CSI-RS for BFR in the default BWP should be configured with default BWP ID.
· Note that the mechanism for BWP switching to the default BWP upon timer expiry is to guarantee the existence of effective CSI-RS for BFR.
Regarding Alt-1, some more analysis can be found in our companion contribution [3], taking into account that UL power control have the similar issues in general. 
Proposal-9: Regarding DL-BWP for CSI-RS in q0 and q1, down-select the following alternatives.

· Alt-1: DL-BWP ID for CSI-RS for BFR is assumed as the same BWP ID of the active DL-BWP.
· Note that for the case of implicitly deriving from applied TCIs, the BWP IDs for these CSI-RS resources in q0 are also determined according to the current active BWP ID.

· Alt-2: CSI-RS resources explicitly configured for BFR should be associated with one CSI-RS resource setting, in order to guarantee that the CSI-RS resources have the corresponding DL-BWP IDs, respectively.
· CSI-RS for BFR in the default BWP should be configured with default BWP ID.
4 Conclusion

In this contribution, we provide draft CRs on beam management related issues to the current NR specifications. In addition, we have the following proposals for beam management.

Proposal-1: Time offset toffset is defined as the time duration from the end of last symbol of PDCCH carrying the scheduling DL DCI to the beginning of the first symbol of corresponding PDSCH in each of the scheduled slots.

· The applied TCI in each of the scheduled slots of the PDSCH should be based on the candidate TCI states in the corresponding scheduled slot or TCI applied for the CORESET with lowest ID in the corresponding scheduled slot depending on whether toffset is less than a threshold Threshold-Sched-Offset.
Proposal-2: Endorse ‘R1-1812266 Draft CR1 to TS 38.214 on QCL indication for PDSCH with slot aggregation’.
Proposal-3: If one value of {224, 336} is configured for UE capability for ap-CSI-RS beam switching in FG 2-28, the UE should reuse the maximum value of the three lowest value in FG 2-28, i.e., 48, as one threshold for the default beam determination for the ap-CSI-RS.
· The default QCL assumption for ap-CSI-RS should be the same as the CORESET with lowest CORESET ID in the CC with the lowest CC ID in the latest slot, where the latest slot is prioritized over the lowest CC ID.

· Endorse ‘R1-1812266 Draft CR2 to TS 38.214 on default QCL assumption for ap-CSI-RS’
Proposal-4: Endorse ‘R1-1812266 Draft CR3 to TS 38.214 on SRS for beam management’
Proposal-5: In CA cases, for both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured, if the scheduling offset of one PDSCH transmission is less than the threshold, UE assumes that the default spatial QCL assumption for PDSCH as CORESET with the lowest CORESET ID with at least one search space configured in the CC with the lowest CC ID in the latest slot with the latest slot prioritized over the lowest CC ID.  
Proposal-6: When PDSCH and its scheduling PDCCH are in the different CCs, 
· If TCI field is not present in DCI, UE obtains the QCL assumptions other than QCL-TypeD from the first one of M TCI-States configured for the active BWP in which the PDSCH is scheduled. 
· If TCI field is present in DCI and the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than a threshold Threshold-Sched-Offset, UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.
Subsequently, we have the following proposals for beam recovery.
Proposal-7: Confirm the working assumption with the following modifications
K symbols after successfully receiving BFR gNB response, the PUCCH transmissions shall use the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of spatial relation of corresponding PUCCH resource(s)

· Note: The latency of RRC or MAC CE configuration is included as part of time duration for applying the same spatial filter as the PRACH transmission

· The above applies for all BWP(s) corresponding PCell or PSCell

· K=28
· FFS: whether to apply this for CBRA
Proposal-8: Endorse ‘R1-1812266 Draft CR4 to TS 38.213 on PUCCH transmission after successfully receiving gNB response’
Proposal-9: Regarding DL-BWP for CSI-RS in q0 and q1, down-select the following alternatives.

· Alt-1: DL-BWP ID for CSI-RS for BFR is assumed as the same BWP ID of the active DL-BWP.
· Note that for the case of implicitly deriving from applied TCIs, the BWP IDs for these CSI-RS resources in q0 are also determined according to the current active BWP ID.

· Alt-2: CSI-RS resources explicitly configured for BFR should be associated with one CSI-RS resource setting, in order to guarantee that the CSI-RS resources have the corresponding DL-BWP IDs, respectively.
· CSI-RS for BFR in the default BWP should be configured with default BWP ID.
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