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Introduction

In this contribution, remaining issues regarding multi-beam operations in Rel. 16 are discussed.
AP-SRS spatial relation application timing

The following proposal was provided at the end of the email discussion of the last meeting [100e-NR-eMIMO-MB-03] regarding the update of spatial relation of AP-SRS via MAC-CE:

Proposal [100e-NR-eMIMO-MB-03] 
When the spatial relation for AP-SRS is updated by MAC-CE and the HARQ/ACK corresponding to the MAC-CE is transmitted in slot n, the updated spatial relation shall be active starting from slot n+3ms.
· Support UE reports which one of the following option it supports
· Option 1: the active spatial relation at the slot of AP SRS triggering PDCCH is applied for the AP SRS transmission.
· Option 2: the active spatial relation at the slot of AP SRS is applied for the AP SRS transmission.
· A PUSCH that relies on the same AP-SRS resource configuration, will utilize the updated parameters from slot n+3ms if there has been no previous transmission of the corresponding SRS resource
· No specification impact for this

Majority support was for option 1 as default behavior which would cover the case that the AP-SRS is triggered by a DCI within n+3ms. However, objections to option 1 were provided based on the argument that obtaining old spatial relation requires extra memory at the UE and hence may increase UE complexity. Support of option 1 was based on the arguments that the timeline of multiple parameter updates such as PL RS, spatial relation and TPC command may be aligned better with option 1.

The various decisions in hand and the issues with them are as follows:
1) The network supports both options of the spatial relation update timeline (one as default and one as optional via UE reporting, or choosing an option via higher layer configuration): This would increase gNB complexity as the gNB has to accommodate two different spatial relation tracking pipelines for two kinds of UEs.
2) One of the options is chosen: 
a. Choose option 1 by excluding option 2: UE implementation complexity is increased.
b. Choose option 2 by excluding option 1: better timeline alignment in case of multiple parameter updates.

With the issues described above, a compromise is necessary at either the UE or gNB side. Considering the prevailing situation of various companies’ opinions, we propose to have option 1 as the default and only UE behavior.

Proposal 1:
When the spatial relation for AP-SRS is updated by MAC-CE and the HARQ/ACK corresponding to the MAC-CE is transmitted in slot n, the updated spatial relation shall be active starting from slot n+3ms.
· The active spatial relation at the slot of AP SRS triggering PDCCH is applied for the AP SRS transmission (option 1).

Another issue to discuss on this topic is the update of the PUSCH spatial relation with respect to AP-SRS. Various companies mentioned that a PUSCH that relies on the AP-SRS whose spatial relation has been updated may also update its own spatial relation when a MAC-CE activates a new spatial relation for the AP-SRS. This behavior may contradict with the existing specification that the SRI corresponds to the most recent AP-SRS transmission. If the PUSCH spatial relation is to be updated along with MAC-CE-based spatial relation update for an AP-SRS that is indicated by the SRI for the PUSCH, it would differ from existing behavior of the PUSCH – the SRI associated with the PUSCH transmission with the most recent transmission of the SRS. This behavior may not be enabled without specification change.

Proposal 2:
According to Rel. 15 spec, the spatial relation for the PUSCH is obtained from the most recent transmission of the SRS indicated by the SRI. If the spatial relation update of a PUSCH for which the associated SRI refers to an AP-SRS whose spatial relation is updated via MAC-CE is to be supported, an explicit specification update is necessary.
Tracking of pathloss reference RSs

In RAN1#100 – E-meeting [1], the following agreement was made:

Agreement:
When the number of RRC configured PL RSs for pathloss estimates for PUCCH, PUSCH and SRS is greater than 4, UE is not required to track the RSs which are not activated by MAC-CE.
· Note: How to capture above into the spec will be discussed at RAN1#100bis
· Note: Further consider the configuration cases when the default PL RS is not enabled or enabled.
Conclusion:
If MAC-CE based PL RS activation/update is not enabled, UE is not expected to be configured with more than 4 PL RS.

Capturing the above agreement in the specification can be done via higher layer filtered RSRP computation that is used in the calculation of the pathloss estimate. However, before specifying tracking directives to the UE, the tracking of the PL RSs needs to consider the enabling or disabling default pathloss reference RS updates. While the default pathloss reference RS update is enabled, the UE shall always track the default pathloss reference RS. Therefore, we propose the following:

Proposal 3:
If the UE is provided with enablePLRSupdateForPUSCHSRS and the number of PUSCH-PathlossReferenceRS, PUCCH-PathlossReferenceRS and SRS-PathlossReferenceRS is greater than 4, the UE is required to compute the higher layer filtered RSRP only for the RSs that are activated via a MAC-CE message.

Proposal 4:
When the UE is provided with enableDefaultBeamPlForPUSCH0_0 or enableDefaultBeamPlForPUCCH, the UE is required to compute the higher layer RSRP of the RS resource with 'QCL-TypeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the primary cell.

Proposal 5:
When the UE is provided with enableDefaultBeamPlForSRS, the UE is required to compute the higher layer RSRP of the RS resource provided with 'QCL-TypeD' in
· the TCI state or the QCL assumption of a CORESET with the lowest index, if CORESETs are provided in the active DL BWP, or
· the active PDSCH TCI state with lowest ID, if CORESETs are not provided in the active DL BWP.

MAC-CE-based pathloss reference RS update for PUSCH

In RAN1#99, the following agreements were made with respect to the update of pathloss reference for PUSCH via MAC-CE.


[bookmark: _GoBack]Agreement (RRC impact)
For the feature of MAC CE based pathloss RS updates for PUSCH/SRS in Rel-16,
· Introduce one new RRC parameter to enable the feature of MAC CE based pathloss RS updates for PUSCH/SRS in Rel-16, i.e.,
· enablePLRSupdateForPUSCHSRS

Agreement
When enablePLRSupdateForPUSCHSRS is configured, if a grant-based or grant-free PUSCH transmission is scheduled/activated by DCI format 0_1 that does not include a SRI field, the RS resource index qd corresponding to the PUSCH-PathlossReferenceRS-Id mapped with sri-PUSCH-PowerControlId = 0 is used for path-loss measurement of PUSCH transmission. In this case, UE expects to be configured with sri-PUSCH-PowerControl


The specification [2, TS 38.213] has been updated accordingly to support the pathloss reference RS update for the PUSCH via a MAC-CE message when the PUSCH is scheduled via DCI format 0_0 or 0_1 (with or without an SRI field). However, when the UE is scheduled via a higher layer grant (PUSCH configured with a ConfiguredGrantConfig that includes rrc-ConfiguredGrantConfig), the pathloss reference indication is performed using the RRC parameter pathlossReferenceIndex. Hence, the update of pathloss reference RS for the PUSCH, in this case, may be performed only via RRC reconfiguration. To exploit the MAC-CE based update of the pathloss reference RS for the PUSCH scheduled via higher layer grant, the following proposal is made.

Proposal 6: 
For a PUSCH transmission configured by ConfiguredGrantConfig, if rrc-ConfiguredUplinkGrant is included in ConfiguredGrantConfig, and if the UE is provided with enablePLRSupdateForPUSCHSRS, the UE determines the pathloss reference RS from the PUSCH-PathlossReferenceRS that is mapped to the sri-PUSCH-PowerControlId indicated by the srs-ResourceIndicator value in the rrc-ConfiguredUplinkGrant.

With the above UE behavior, the pathloss reference RS update for a PUSCH scheduled via the higher layer grant may be performed using the MAC-CE message that updates the mapping between an SRI-PUSCH-PowerControlId and PUSCH-PathlossReferenceRs-Id. The following text change in TS 38.213 [2] is provided to support the above proposal (text to be updated is shown in red).

[bookmark: _Toc12021445][bookmark: _Toc20311557]<----------------------------------------- Begin: Text proposal – TS 38.213 ---------------------------------------->

7.1	Physical uplink shared channel

[bookmark: _Ref500774487][bookmark: _Toc12021446][bookmark: _Toc20311558][bookmark: _Ref497117847]7.1.1	UE behaviour

<----------------------------------------- Unchanged parts omitted ---------------------------------------->

For a PUSCH transmission configured by ConfiguredGrantConfig, if rrc-ConfiguredUplinkGrant is included in ConfiguredGrantConfig, 
· 
if the UE is provided enablePLRSupdateForPUSCHSRS, the UE determines a RS resource index  from the value of PUSCH-PathlossReferenceRS-Id that is mapped to the sri-PUSCH-PowerControlId indicated by the srs-ResourceIndicator value included in rrc-ConfiguredUplinkGrant
· 

if the UE is not provided enablePLRSupdateForPUSCHSRS, a RS resource index  is provided by a value of pathlossReferenceIndex included in rrc-ConfiguredUplinkGrant where the RS resource is either on serving cell  or, if provided, on a serving cell indicated by a value of pathlossReferenceLinking

<----------------------------------------- Unchanged parts omitted ---------------------------------------->
<----------------------------------------- End: Text proposal – TS 38.213 ---------------------------------------->

Conclusion

The following proposals are made from the above discussions in the Tdoc.

Proposal 1:
When the spatial relation for AP-SRS is updated by MAC-CE and the HARQ/ACK corresponding to the MAC-CE is transmitted in slot n, the updated spatial relation shall be active starting from slot n+3ms.
· The active spatial relation at the slot of AP SRS triggering PDCCH is applied for the AP SRS transmission (option 1).

Proposal 2:
According to Rel. 15 spec, the spatial relation for the PUSCH is obtained from the most recent transmission of the SRS indicated by the SRI. If the spatial relation update of a PUSCH for which the associated SRI refers to an AP-SRS whose spatial relation is updated via MAC-CE is to be supported, an explicit specification update is necessary.

Proposal 3:
If the UE is provided with enablePLRSupdateForPUSCHSRS and the number of PUSCH-PathlossReferenceRS, PUCCH-PathlossReferenceRS and SRS-PathlossReferenceRS is greater than 4, the UE is required to compute the higher layer filtered RSRP only for the RSs that are activated via a MAC-CE message.

Proposal 4:
When the UE is provided with enableDefaultBeamPlForPUSCH0_0 or enableDefaultBeamPlForPUCCH, the UE is required to compute the higher layer RSRP of the RS resource with 'QCL-TypeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the primary cell.

Proposal 5:
When the UE is provided with enableDefaultBeamPlForSRS, the UE is required to compute the higher layer RSRP of the RS resource provided with 'QCL-TypeD' in
· the TCI state or the QCL assumption of a CORESET with the lowest index, if CORESETs are provided in the active DL BWP, or
· the active PDSCH TCI state with lowest ID, if CORESETs are not provided in the active DL BWP.

Proposal 6: For a PUSCH transmission configured by ConfiguredGrantConfig, if rrc-ConfiguredUplinkGrant is included in ConfiguredGrantConfig, and if the UE is provided with enablePLRSupdateForPUSCHSRS, the UE determines the pathloss reference RS from the PUSCH-PathlossReferenceRS that is mapped to the sri-PUSCH-PowerControlId indicated by the srs-ResourceIndicator value in the rrc-ConfiguredUplinkGrant.

<----------------------------------------- Begin: Text proposal – TS 38.213 ---------------------------------------->

7.1	Physical uplink shared channel

7.1.1	UE behaviour

<----------------------------------------- Unchanged parts omitted ---------------------------------------->

For a PUSCH transmission configured by ConfiguredGrantConfig, if rrc-ConfiguredUplinkGrant is included in ConfiguredGrantConfig, 
· 
if the UE is provided enablePLRSupdateForPUSCHSRS, the UE determines a RS resource index  from the value of PUSCH-PathlossReferenceRS-Id that is mapped to the srs-ResourceIndicator value included in rrc-ConfiguredUplinkGrant
· 

if the UE is not provided enablePLRSupdateForPUSCHSRS, a RS resource index  is provided by a value of pathlossReferenceIndex included in rrc-ConfiguredUplinkGrant where the RS resource is either on serving cell  or, if provided, on a serving cell indicated by a value of pathlossReferenceLinking

<----------------------------------------- Unchanged parts omitted ---------------------------------------->
<----------------------------------------- End: Text proposal – TS 38.213 ---------------------------------------->
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