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1. Introductions
In this contribution, we discuss several remaining issues on multi-beam and text proposals in 3GPP Rel-16.
2. Applicable timing for MAC CE update of pathloss RS for PUCCH
	Agreement (RRC impact)

On power control for PUSCH, PUCCH, and SRS, the total number of maximum configurable pathloss RSs, in including those supported in Rel-15, by RRC is 64

· Note: Such pathloss reference signals are for configuration purpose only, and UE is still only required to track up to 4 pathloss RSs for any PUSCH, PUCCH, and SRS transmissions. 

· “Up to 4 pathloss RSs” applies the total number of pathloss RSs for PUSCH, PUCCH, and SRS


In the agreements of RAN1#99 meeting, the maximum number of configurable pathloss RSs by RRC is 64, and UE is only required to track up to 4 pathloss RS for any PUSCH, PUCCH and SRS transmissions. For PUSCH/SRS, if the previous pathloss RS is out of date due to UE movement in a cell, the gNB can update the pathloss RS via a MAC CE for accurate pathloss measurement, which reduces the RRC signaling overhead and latency. The applicable timing for PUSCH and SRS is defined to obtain the higher layer filtered RSRP for pathloss measurement.
For PUCCH, there is same intention for update of pathloss RS to reduce RRC signaling overhead and latency. If the applicable timing is not introduced for PUCCH, due to the fact that UE can only track up to 4 pathloss estimate, the gNB could configure at most 4 pathloss RS for PUCCH. When UE moves in a cell, the gNB would need to re-configure pathloss RSs for PUCCH for pathloss measurement. This increases the RRC signaling overhead and latency. Thus similarly to PUSCH/SRS, the applicable timing for PUCCH can be introduced. The UE only tracks the activated pathloss RSs via a MAC CE for signaling overhead and latency reduction.
Proposal 1: 

· Clarify the applicable timing of the pathloss RS update via a MAC CE for PUCCH and agree the proposed TP.
	TS 38.213

7.2
Physical uplink control channel
< Unchanged parts are omitted >
-
If the UE is provided pathlossReferenceRSs and PUCCH-SpatialRelationInfo, the UE obtains a mapping, by indexes provided by corresponding values of pucch-PathlossReferenceRS-Id, between a set of pucch-SpatialRelationInfoId values and a set of referenceSignal values provided by PUCCH-PathlossReferenceRS. If the UE is provided more than one values for pucch-SpatialRelationInfoId and the UE receives an activation command [11, TS 38.321] indicating a value of pucch-SpatialRelationInfoId, the UE determines the referenceSignal value in PUCCH-PathlossReferenceRS through the link to a corresponding pucch-PathlossReferenceRS-Id index. The UE applies the activation command in the first slot that is after slot [image: image1.wmf]m
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 is the slot where the UE would transmit a PUCCH with HARQ-ACK information for the PDSCH providing the activation command and [image: image3.wmf]m

 is the SCS configuration for the PUCCH 
-    For the RS that the corresponding pathloss estimate is not maintained, filtered RSRP value for previous pathloss RS will be used before the applicable timing, which is the next slot after the 5th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE if the TCI state of the activated/updated pathloss RS is known, as described in [8.10.2, TS38.133].
-
If PUCCH-SpatialRelationInfo includes servingCellId indicating a serving cell, the UE receives the RS for resource index [image: image4.wmf]d

q

 on the active DL BWP of the serving cell
< Unchanged parts are omitted >


Based on the discussion above, for RRC signaling overhead and latency reduction, if the number of RRC configured pathloss RSs is greater than 4, the UE only requires tracking the activated pathloss RSs via a MAC CE for any PUCCH, PUSCH and SRS transmission. But if the number of RRC configured pathloss RSs is no more than 4, the UE can track all configured pathloss RSs. The text proposal is as follows.
Proposal 2: 

· Clarify the UE behavior for maintaining pathloss RSs and agree the proposed TP.

	TS 38.213

7
Uplink Power control

Uplink power control determines a power for PUSCH, PUCCH, SRS, and PRACH transmissions. 
A UE does not expect to simultaneously maintain more than four pathloss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions as described in Clauses 7.1.1, 7.2.1, and 7.3.1, except for SRS transmissions configured by IE SRS-Positioning-Config as described in Clause 7.3.1.
When the number of RRC configured RS for pathloss estimates is greater than 4, a UE only simultaneously maintains the pathloss estimates of the RSs that are included in the latest  MAC CE update of PUSCH-PathlossReferenceRS-Id for PUSCH, pucch-PathlossReferenceRS-Id for PUCCH and SRS-PathlossReferenceRS-Id for SRS.

When the number of RRC configured RS for pathloss estimates is no more than 4, a UE can simultaneously maintain the pathloss estimates of the RSs that are included in the RRC configuration of PUSCH-PathlossReferenceRS-Id for PUSCH, pucch-PathlossReferenceRS-Id for PUCCH and SRS-PathlossReferenceRS-Id for SRS.
A PUSCH/PUCCH/SRS/PRACH transmission occasion [image: image5.wmf]i

 is defined by a slot index [image: image6.wmf]m
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 within a frame with system frame number [image: image7.wmf]SFN
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 within the slot, and a number of consecutive symbols [image: image9.wmf]L
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3. MAC CE update of pathloss RS for PUSCH and SRS
	RAN1#98bis
Working assumption
Pathloss reference RS for PUSCH can be activated/updated via a MAC CE

· The MAC CE message can activate/update the value of PUSCH-PathlossReferenceRS-Id corresponding to sri-PUSCH-PowerControlId.

· Note(Informative): In TS38.331, the mapping is given by SRI-PUSCH-PowerControl, in which the linkage is between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id.

· Further signaling details are up to RAN2.

· Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.

· Filtered RSRP value for previous pathloss RS will be used before the application time, which is the next slot after the 5th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE. 
· This is only applicable for UEs supporting the number of RRC-configurable pathloss RSs larger than 4, and this is only for the case that the activated PL RS by the MAC CE is not tracked.
· UE is only required to track the activated PL RS(s) if the configured PL RSs by RRC is greater than 4. 
· It is up to UE whether to update the filtered RSRP value for previous PL RS 3ms after sending ACK for the MAC CE.
· Send an LS to RAN4 asking opinion on this working assumption.
Working assumption
Pathloss reference RS for AP-SRS/SP-SRS can be activated/updated via a MAC CE.

· A UE can be configured with multiple pathloss RSs by RRC and one of them can be activated/updated via the MAC CE for a SRS resource set.

· Further signaling details are up to RAN2.

· Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.

· Filtered RSRP value for previous pathloss RS will be used before the application time, which is the next slot after the 5th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE. 
· This is only applicable for UEs supporting the number of RRC-configurable pathloss RSs larger than 4, and this is only for the case that the activated PL RS by the MAC CE is not tracked.
· UE is only required to track the activated PL RS if the configured PL RSs by RRC is greater than 4.
· It is up to UE whether to update the filtered RSRP value for previous PL RS 3ms after sending ACK for the MAC CE.
· Send an LS to RAN4 asking opinion on this working assumption.
RAN1 #99 

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




	RAN4 #93

Reply LS on applicable timing for pathloss RS activated/updated by MAC-CE

· If the TCI state of the activated/updated pathloss RS is known, sample number of pathloss RS measurement for filtered RSRP before the application time at most 5 measurement samples for SSB and CSI-RS based pathloss RS can be used

Note: If measurement sample is not available due to measurement gap or other UE activities (e.g. RX beam sweeping), longer application time is expected.

· If the TCI state of the activated/updated PL RS is unknown, longer application time is expected to allow RX beam refinement. The conditions for a TCI state to be known are defined in section 8.10.2 of TS38.133.

· Filtered RSRP value for previous pathloss RS will be used before the application time, which is 2ms after the last pathloss RS measurement sample considering the UE processing time of the pathloss RS measurement 

-
 The applicable timing for activating/updating PL RS should be captured in RAN1 spec.


In the agreements of RAN1 meetings, pathloss RS for PUSCH and AP-SRS/SP-SRS can be activated/updated via a MAC CE. Applicable timing is introduced to obtain the higher layer filtered RSRP for pathloss measurement. Based on the reply LS on applicable timing for pathloss RS activated/updated by MAC-CE, RAN4 provides some conclusion and asks RAN1 to take the above information into account in Rel-16 spec. According to the RAN1 and RAN4 conclusion, the text proposal for applicable timing is as follows.
Proposal 3: 

· Agree the proposed TP for applicable timing of pathloss RS update.
	TS 38.213
7.1
Physical uplink shared channel

< Unchanged parts are omitted >
- If the UE is provided enablePLRSupdateForPUSCHSRS, a mapping between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id values can be updated by a MAC CE as described in [11, TS38.321]. For the RS that the corresponding pathloss estimate is not maintained, filtered RSRP value for previous pathloss RS will be used before the applicable timing, which is the next slot after the 5th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE if the TCI state of the activated/updated pathloss RS is known, as described in [8.10.2, TS38.133]. 
-
For a PUSCH transmission scheduled by a DCI format that does not include a SRI field, or for a PUSCH transmission configured by ConfiguredGrantConfig and activated, as described in Clause 10.2, by a DCI format that does not include a SRI field, a RS resource index 
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 is determined from the PUSCH-PathlossReferenceRS-Id mapped to sri-PUSCH-PowerControlId = 0

< Unchanged parts are omitted >
7.3
Sounding reference signals

< Unchanged parts are omitted >
-
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 is a downlink pathloss estimate in dB calculated by the UE using RS resource index [image: image12.wmf]d
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 as described in Clause 7.1.1 for the active DL BWP of serving cell [image: image13.wmf]c

 and SRS resource set [image: image14.wmf]s
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 [6, TS 38.214]. The RS resource index [image: image15.wmf]d
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 is provided by pathlossReferenceRS associated with the SRS resource set [image: image16.wmf]s
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 and is either an ssb-Index providing a SS/PBCH block index or a csi-RS-Index providing a CSI-RS resource index 
- If the UE is provided enablePLRSupdateForPUSCHSRS, a MAC CE [11, TS 38.321] can provide by SRS-PathlossReferenceRS-Id a corresponding RS resource index [image: image18.png]gz



 for aperiodic or semi-persistent SRS resource set [image: image20.png]


. For the RS that the corresponding pathloss estimate is not maintained, filtered RSRP value for previous pathloss RS will be used before the applicable timing, which is the next slot after the 5th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE if the TCI state of the activated/updated pathloss RS is known, as described in [8.10.2, TS38.133].
-
If the UE is not provided pathlossReferenceRS or SRS-PathlossReferenceRS, or before the UE is provided dedicated higher layer parameters, the UE calculates [image: image21.wmf])
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 using a RS resource obtained from the SS/PBCH block that the UE uses to obtain MIB
-
If the UE is provided pathlossReferenceLinking, the RS resource is on a serving cell indicated by a value of pathlossReferenceLinking 
< Unchanged parts are omitted >


4. UE behavior when enableDefaultBeamPlForSRS and applicableCellList are both configured
	Agreement

The following working assumption is confirmed with revision in red
(Working assumption #1 @RAN1#98bis) When a Spatial Relation Info is activated for a SP/AP SRS resource by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the Spatial Relation Info is applied for the SP/AP SRS resource(s) with the same SRS resource ID for all the BWPs in the indicated CCs.

· Further signaling details are up to RAN2.

· Whether to support the inter-band CA for this feature will be decided in RAN1#99.

· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same SRS resource IDs for multiple CCs/BWPs is up to capability discussion.

· FFS on the UE capability signaling details

· Note: This at least applies to single TRP case.

· FFS on the power control details (without RAN2 impact)
Agreement

The following working assumption is confirmed with revision in red
The default spatial relation for dedicated-PUCCH/SRS for a CC in FR2, at least when no pathloss RSs are configured by RRC is determined by

· Default TCI state or QCL assumption of PDSCH, i.e.,

· in case when CORESET(s) are configured on the CC, the TCI state / QCL assumption of the CORESET with the lowest ID, or

· The PL RS to be used is the QCL-TypeD RS of the same TCI state / QCL assumption of the CORESET with the lowest ID

· Note: The PL RS should be periodic RS

· in case when any CORESETs are not configured on the CC, the activated TCI state with the lowest ID applicable to PDSCH in the active DL-BWP of the CC

· Above applies at least for UEs supporting beam correspondence

· Above applies at least for the single TRP case

· FFS: Details on UE behavior in the absence of the activated TCI state

· FFS: Details on default spatial relation in multicarrier scenario

· FFS: Details on which RS to use for pathloss measurement

· FFS: Details on how to handle this issue in case pathloss RSs are configured


In the RAN1 #99 meeting, for SRS, the simultaneous spatial relation update across multiple CCs/BWPs and the default spatial relation are supported. It is not clarified that when the higher layer parameter enableDefaultBeamPlForSRS is set ‘enabled’ and the higher payer parameter [applicableCellList] is configured, how the UE determines the spatial relation of SRS. From the perspective of signaling overhead reduction, the default spatial relation for SRS in one CC is applicable for SRS resource with the same ID in the [applicableCellList].
In TS38.214, if the higher layer parameter enableDefaultBeamPlForSRS is set ‘enabled’ for one CC, the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the CORESET with the lowest controlResourceSetId, or for the reception of the activated TCI state with the lowest ID applicable to PDSCH in the active DL BWP in the CC. For the CC where higher layer parameter enableDefaultBeamPlForSRS is set ‘enabled’, the higher layer parameter spatialRelationInfo for the SRS resource is not configured, and the spatial domain transmission filter of the SRS resource is updated according to the updated default beam in the CC.
In TS38.214, if the higher payer parameter [applicableCellList] is configured, when a spatialRelationInfo is activated/updated for a semi-persistent or aperiodic SRS resource by a MAC CE, the spatialRelationInfo is applied for the semi-persistent or aperiodic SRS resource(s) with the same SRS resource ID for all the BWPs in the indicated CCs. It is an important use case for UE to determine the spatial domain transmission filter of the SRS resources with same ID in the [applicableCellList] when the spatialRelationInfo of the SRS resources is not configured and the default beam is updated in the CC with enableDefaultBeamPlForSRS  = ‘enabled’. 
Thus, to reduce signaling overhead, when the higher layer parameter enableDefaultBeamPlForSRS is set ‘enabled’ and the higher payer parameter [applicableCellList] is configured, the spatialRelationInfo of the SRS resources with same ID in the [applicableCellList] cannot be configured, and the update of spatial domain transmission filter of the SRS resources with same ID in the [applicableCellList] follows the default beam. Current description in TS38.214 does not support such operation by referring to the IE spatialRelationInfo. Thus we prefer to replace it with spatial domain transmission filter, which may come from the default beam or from IE spatialRelationInfo.
Proposal 4: 

· Clarify UE behavior as in the following TP when the higher layer parameter enableDefaultBeamPlForSRS is set ‘enabled’ and the higher payer parameter [applicableCellList] is configured.

	TS 38.214

6.2.1
UE sounding procedure
< Unchanged parts are omitted >
When a spatialRelationInfo spatial domain transmission filter is activated/updated for a semi-persistent or aperiodic SRS resource by a MAC CE for a set of CCs/BWPs, where the applicable list of CCs is indicated by higher layer parameter [applicableCellList], the spatialRelationInfo spatial domain transmission filter is applied for the semi-persistent or aperiodic SRS resource(s) with the same SRS resource ID for all the BWPs in the indicated CCs.
< Unchanged parts are omitted >


5. L1-SINR CPU occupancy when reportQuantity is set to 'none'
	Agreement

For a CSI report, when reportQuantity is configured to be “ssb-Index-SINR” or “cri-SINR”, 

· Z = Z1

· Z’ = Z1’

· Z1 and Z1’ are selected from Table 5.4-2 in 38.214

Note: Corresponding UE capability will be discussed in UE capability session


In TS38.214, if the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'none', then the UE shall not report any quantity for the CSI-ReportConfig. In section 5.2.1.6 of TS38.214, the CPU(s) occupancy for L1-RSRP computation is described when a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'none' and CSI-RS-ResourceSet with higher layer parameter trs-Info is not configured. However, it is also an important use case for UE to determine the Rx beam based on L1-SINR. For such use cases L1-SINR computation should be enabled even when reportQuantity set to 'none'.
The configuration of resource settings can be used to determine L1-RSRP computation and L1-SINR computation when reportQuantity set to 'none'. For L1-RSRP computation, it is only necessary to configure one resource setting. When two resource settings are configured, it is L1-SINR measurement that is expected. The CPU occupancy and computation should also be updated based on such configuration.   
Proposal 5: 

· Agree the following TP for CPU occupancy of L1-RSRP computation and L1-SINR computation.
	TS38.214

5.2.1.6
CSI processing criteria
< Unchanged parts are omitted >
For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'none' and CSI-RS-ResourceSet with higher layer parameter trs-Info is not configured and one resource setting is configured, the CPU(s) are occupied for a number of OFDM symbols as follows:

-
A semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) occupies CPU(s) from the first symbol of the earliest one of each transmission occasion of periodic or semi-persistent CSI-RS/SSB resource for channel measurement for L1-RSRP computation, until [image: image23.png]Zs



 symbols after the last symbol of the latest one of the CSI-RS/SSB resource for channel measurement for L1-RSRP computation in each transmission occasion.

-
An aperiodic CSI report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol between [image: image25.png]


 symbols after the first symbol after the PDCCH triggering the CSI report and [image: image27.png]Zs



 symbols after the last symbol of the latest one of each CSI-RS/SSB resource for channel measurement for L1-RSRP computation.
where [image: image29.png](Z3.23)



 are defined in the table 5.4-2.

For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'none' and CSI-RS-ResourceSet with higher layer parameter trs-Info is not configured and two resource settings are configured, the CPU(s) are occupied for a number of OFDM symbols as follows:

-
A semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) occupies CPU(s) from the first symbol of the earliest one of each transmission occasion of periodic or semi-persistent CSI-RS/SSB resource for channel measurement and periodic or semi-persistent CSI-RS/SSB resource for interference measurement for L1-SINR computation, until Z1’ symbols after the last symbol of the latest one of the CSI-RS/SSB resource for channel measurement and the CSI-RS/SSB resource for interference measurement for L1-SINR computation in each transmission occasion.

-
An aperiodic CSI report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol between  Z1’ symbols after the last symbol of the latest one of each CSI-RS/SSB resource for channel measurement and CSI-RS/SSB resource for interference measurement for L1-SINR computation.Z1 symbols after the first symbol after the PDCCH triggering the CSI report and 
where  (Z1, Z1’) are defined in the table 5.4-2.
< Unchanged parts are omitted >


6. Conclusion

In this contribution, we have the following proposals for multi-beam transmission schemes.
Proposal 1: 

· Clarify the applicable timing of the pathloss RS update via a MAC CE for PUCCH and agree the proposed TP.

Proposal 2: 

· Clarify the UE behavior for maintaining pathloss RSs and agree the proposed TP.

Proposal 3: 

· Agree the proposed TP for applicable timing of pathloss RS update.
Proposal 4: 

· Clarify UE behavior as in the following TP when the higher layer parameter enableDefaultBeamPlForSRS is set ‘enabled’ and the higher payer parameter [applicableCellList] is configured.

Proposal 5: 

· Agree the following TP for CPU occupancy of L1-RSRP computation and L1-SINR computation.
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