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1. Introduction

Regarding multi-beam operation which is one of the objectives in the WID [1], some enhancements on multi-beam operation including latency and overhead reduction, beam failure recovery for SCell and measurement and reporting of L1-SINR are discussed for NR Rel-16 in this contribution.

2. Enhancement(s) on latency and overhead reduction
In this sub-section, we discuss the enhancement on simultaneous spatial relation update for PUCCH resources, SRS beam activation for a group of CCs, MAC-CE based path-loss RS update, default spatial relation and power control parameter for UL signals. Besides, some further views on TCI field enhancement when timing offset is less than the threshold, and RRC parameter of CSI-RS configuration can be found in our companion contribution [2].

2.1 Simultaneous spatial relation update for multiple PUCCH resources
The simultaneous update/indication of a single spatial relation per group of PUCCH was agreed in RAN1#98bis. Some details on whether this new parameter(s) for PUCCH resource grouping can be refined further to per PUCCH resource or PUCCH-SpatialRelationInfo are still FFS as follows.
	maxNrofPUCCH-ResourceGroups
	4
	new R16
	a constant value
	a constant value 
(used for dedicated RRC)
	Maximum number of PUCCH resource groups per BWP, where simultaneous spatial relation update by MAC CE within each group is applicable
	n/a

	New parameter(s) for PUCCH resource grouping for simultaneous spatial relation update by MAC CE 

(RAN1 will decide further details in RAN1#99)
	To be determined by RAN2 

(Note: Up to maxNrofPUCCH-ResourceGroups PUCCH resource groups can be configured)
	new R16
	At least per UL BWP

(RAN1 will decide in RAN1#99 whether “per UL BWP” needs to be refined further to, e.g. “per PUCCH resource” or “per PUCCH SpatialRelationInfo”)
	dedicated
	Explicit PUCCH resource grouping for simultaneous spatial relation update for PUCCH resources in a group by MAC CE.

How to define this parameter(s) is up to RAN2.
	n/a


In Rel-15 RRC framework, the RRC parameter set of PUCCH-SpatialRelationInfo for PUCCH is independent from PUCCH resource configuration in RRC, which means that the PUCCH group can NOT be grouped through using the new parameter per PUCCH-SpatialRelationInfo in RRC level. On the other hand, if the new parameter is configured per PUCCH resource, the PUCCH resources can be well grouped with the same value of new parameter. 

· Regarding the MAC-CE design for updating spatial relation of PUCCH resource group, the Rel-15 MAC-CE for updating spatial relation of PUCCH resource can be reused. When the new parameter(s) for PUCCH resource grouping is configured per PUCCH resource, the applied PUCCH resource group is determined by the indicated PUCCH resource ID in the MAC CE

Proposal 1:  The new parameter(s) for PUCCH resource grouping can be configured per PUCCH resource.

· The applied PUCCH resource group is determined by the indicated PUCCH resource ID in the MAC-CE.
Considering that the cross-CC/BWP beam indication has been agreed for PDSCH, PDCCH and SRS, the cross-CC/BWP determination for PUCCH resource group should be considered as well. The PUCCH is only configured for Pcell and PUCCH-Cell, and consequently, if there is no PUCCH configuration for a CC in the CC list, UE shall ignore the command for updating spatial relation for PUCCH, rather than all CCs in the CC list.

Proposal 2:  When a PUCCH-SpatialRelationInfo ID is activated for a PUCCH resource group by a MAC CE for a list of CCs/BWPs, the PUCCH-SpatialRelationInfo ID is applied for the PUCCH resource group(s) with the same group ID for all the BWPs in the indicated CCs.
· If there is no PUCCH configuration for a CC in the CC list, the MAC-CE command is NOT applied to the CC.

· The applicable list of CCs is determined by higher layer parameter simultaneousSpatialRelationCellList and the indicated CCs in the MAC CE.

2.2 SRS beam activation for a group of CCs

In RAN1#98, the SRS beam activation for a group of CCs has been discussed, and the following working assumption has been reached.
	Working Assumption

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)


Regarding this working assumption, we should clarify that this MAC-CE is to update the SRS resource(s) within a SRS resource set as in Rel-15, rather than updating the SRS resource separately, which will cause unnecessarily high MAC-CE overhead of this MAC-CE header.

Proposal 3:  Confirming the following working assumption with the modification.
When a Spatial Relation Info(s) isare activated for each of a SP/AP SRS resource(s) of a SRS resource set 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).
2.3 MAC-CE based path-loss RS update
The update of UL power control parameter is all performed based on RRC which is not aligned with the timing of MAC-CE update on spatial relation for PUSCH, aperiodic and semi-persistent SRS. The timeline mismatch between spatial relation and UL power control parameters may occur frequently. The MAC-CE based update for path loss RS has been agreed as working assumption for PUSCH and SRS in a BWP of a CC in RAN1#98bis. 

2.3.1 Maximum number of path-loss RSs
Besides, the maximum of path-loss RSs for PUSCH, PUCCH and SRS are still FFS. Taking into account the following framework for path-loss measurement has been agreed, the increase of maximum of path-loss RSs does not increase UE complexity. In order to align with the maximum number of spatial relation info, it is recommended that the maximum of path-loss RSs for PUSCH, PUCCH and SRS are 64.

	· 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.


Proposal 4:  The maximum number of the RRC configurable path-loss RSs for PUSCH, PUCCH and SRS are all increased to 64.

2.3.2 Path-loss RS update for a group of CCs
The SRS beam activation for a group of CCs has been agreed as working assumption, which is analyzed in Section 2.2. Consequently, the MAC-CE approach for path loss RS update should be straight-forwardly enhanced for updating the path-loss RS for PUSCH and SRS for a group of CCs as well. Otherwise, the MAC-CE overhead for multi-CC scenario can NOT be well reduced.

· Note that the MAC-CE for updating PUSCH and SRS path-loss RS in a CC can be reused, and consequently there is no further RAN2 spec impact.

Proposal 5:  When a PUSCH-PathlossReferenceRS-Id is activated/updated for a PUSCH by a MAC CE for a list of CCs/BWPs, the PUSCH-PathlossReferenceRS-Id is applied for the PUSCH with the same sri-PUSCH-PowerControlId(s) for all the BWPs in the indicated CCs.
· The applicable list of CCs is determined by higher layer parameter simultaneousSpatialRelationCellList and the indicated CCs in the MAC CE.

· Note that the MAC-CE is the activation/updating MAC-CE for PUSCH pathloss RS in a CC.

Proposal 6:  When a SRS-PathlossReferenceRS-Id is activated/updated for an SP/AP SRS resource set by a MAC CE for a list of CCs/BWPs, the SRS-PathlossReferenceRS-Id is applied for the SP/AP SRS resource with the same SRS resource set ID for all the BWPs in the indicated CCs.
· The applicable list of CCs is determined by higher layer parameter simultaneousSpatialRelationCellList the indicated CCs in the MAC CE.

· Note that the MAC-CE is the activation/updating MAC-CE for SRS pathloss RS in a CC.

2.3.3 PUSCH scheduled by DCI format 0_1 without SRI field

When there is only one SRS resource to be configured in the SRS resource set for codebook or non-codebook, the PUSCH is scheduled/activated by DCI format 0_1 without SRI field. In such a case, the UE determines a RS resource index 
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 with a respective PUSCH-PathlossReferenceRS-Id value being equal to zero as highlighted.
	7.1.1
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is a downlink pathloss estimate in dB calculated by the UE using reference signal (RS) index [image: image3.wmf]d
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 for the active DL BWP, as described in Subclause 12, of carrier 
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 of serving cell 
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If the PUSCH transmission is scheduled by a DCI format 0_0 and if the UE is not provided a spatial setting for a PUCCH transmission, or by a DCI format 0_1 that does not include a SRI field, or if SRI-PUSCH-PowerControl is not provided to the UE, the UE determines a RS resource index 
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 with a respective PUSCH-PathlossReferenceRS-Id value being equal to zero where the RS resource is either on serving cell 
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 or, if provided, on a serving cell indicated by a value of pathlossReferenceLinking
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-
For a PUSCH transmission configured by ConfiguredGrantConfig that does not include rrc-ConfiguredUplinkGrant, the UE determines a RS resource index 
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 from a value of PUSCH-PathlossReferenceRS-Id that is mapped to a SRI field value in a DCI format activating the PUSCH transmission. If the DCI format activating the PUSCH transmission does not include a SRI field, the UE determines a RS resource index 
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 with a respective PUSCH-PathlossReferenceRS-Id value being equal to zero where the RS resource is either on serving cell 
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 or, if provided, on a serving cell indicated by a value of pathlossReferenceLinking


Considering the MAC-CE based path-loss RS update is to update mapping between PUSCH-PathlossReferenceRS-Id and sri-PUSCH-PowerControlId, if going with this above default behavior, the MAC-CE based update solution can NOT applied to the PUSCH scheduled by DCI format 0_1 without SRI field. Consequently, we recommend that, in such a case, the RS resource index 
[image: image11.wmf]d

q

corresponding to the PUSCH-PathlossReferenceRS-Id mapped with sri-PUSCH-PowerControlId = 0 is used for PUSCH transmission.

Proposal 7:  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 
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corresponding to the PUSCH-PathlossReferenceRS-Id mapped with sri-PUSCH-PowerControlId = 0 is used for path-loss measurement of PUSCH transmission
· The above is applied to the Rel-16 UE supporting the feature of MAC-CE based update for PUSCH path-loss RS.
2.4 Default spatial relation and power control parameters for UL signals

In RAN1#98bis, the following working assumption on default spatial relation for PUCCH/SRS was reached, where reusing the default TCI state or QCL assumption of PDSCH was agreed as a baseline.

	Working Assumption

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 CORESET with the lowest ID in the most recent monitored downlink slot, or 

· 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


One more condition that no path-loss RSs are configured by RRC is identified.
· In Rel-15 PUCCH beam and power control RRC framework, the spatial relation and power control parameter are combined by RRC and one of the combination is activated by MAC-CE. That means that if spatial relation is not provided, gNB also can NOT provide the power control parameter for PUCCH resource based on Rel-15 framework. 

· Spatial relation info is provided per SRS resource, and power control parameter is configured per SRS resource set. It is hard to identify the usage or benefit that spatial relation info is not configured for SRS resource but path-loss RS is configured for SRS resource set.

Consequently, for default spatial relation behaviour for PUCCH and SRS, we prefer to only consider the case that no path-loss RSs are configured by RRC in this release.

Observation 1:  For default spatial relation behavior for PUCCH, the independent activation of power control parameters from combination between spatial relation and power control parameter can NOT be achieved by Rel-15 RRC/MAC-CE framework.

Observation 2:  The usages and benefits that spatialRelationInfo is NOT configured but path-loss RS is configured are unclear.

Proposal 8:  For default spatial relation behavior for PUCCH and SRS, only support the case that no pathloss RSs are configured by RRC in Rel-16. 
2.4.1 Most recently monitored downlink slot
Taking into account that the DL and UL may have different subcarrier spacing, “the CORESET with the lowest ID in the most recent monitored downlink slot” is unclear. For instance, the DL CC/BWP is configured with subcarrier spacing of 120 KHz, and the UL CC/BWP is configured with subcarrier spacing of 60 KHz, as shown in Figure 1. That means that, in such a case, the two DL slots are overlapped with one UL slot.
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Figure 1 Default beam determination when DL and UL transmission have different numerologies.
Consequently, “most recently monitored downlink slot” should be clarified that most recent monitored downlink slot is the most recently monitored downlink slot not later than the first downlink slot overlapped with the corresponding UL slot (e.g., slot-2n in Figure 1).
· For PUCCH with the repetition number of 
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, the spatial relation across all 
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 slots should be the same for guaranteeing the transmission performance and the consistent UL Tx power. The spatial relation of the PUCCH with the repetition number of 
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should be determined according to the CORESET with lowest CORESET-ID in a downlink slot that is not later than the first downlink slot overlapped with the first UL slot of the PUCCH.
Proposal 9:  For default spatial relation behavior for PUCCH and SRS, the following should be clarified.

· In case when CORESET(s) are configured on the CC, the most recently monitored downlink slot for determining the corresponding CORESET should be the most recently monitored downlink slot not later than the first downlink slot overlapped with the first uplink slot of the PUCCH or SRS.
· Note that the spatial relation of PUCCH transmission across all 
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2.4.2 Path-loss RS determination
Taking into account that the default spatial relation is derived from the TCI or QCL assumption of the CORESET without lowest ID or activated TCI state applicable to PDSCH, the path-loss RS should also be the RS in the corresponding TCI state or associated with the corresponding QCL assumption. 

· In the single TRP case, there are up to 3 CORESET(s), which means that the active PL RS in this approach should not be more than 4, i.e., UL bound.

· Taking into account that MAC-CE based update for PL RS has been agreed, the same timeline for switching PL measurement result can be reused when the corresponding TCI states are re-activated.

· Meanwhile, the RS should be periodic RS for path loss measurement. 

Besides, for PUSCH, the PL RS should be determined according to the path-loss RS of the SRS associated with the PUSCH transmission. 

Proposal 10:  For the feature of default spatial relation behavior for PUCCH and SRS, the following should be supported.

· For PUCCH and SRS, the RS in the corresponding TCI state or QCL assumption is applied to the path-loss measurement.
· Note: when there are two different RS(s) in the TCI state, the QCL Type-D RS is applied.
· For PUSCH, the path-loss RS for its associated SRS resource set, i.e., for codebook or non-codebook transmission, is re-used for its path-loss measurement.
· When the corresponding TCI state is updated by MAC-CE, the same timeline for MAC-CE based update for PUSCH and SRS can be reused.
2.4.3  PUSCH scheduled by DCI format 0_0
Besides, in R15, the PUSCH scheduled by DCI format 0_0 can follow spatial relation corresponding to dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell. However, there may be no PUCCH resource within the active UL BWP of the cell taking into account that PUCCH resource only can be configured in PCell or PUCCH-SCell. 
In this case, the default TCI state or QCL assumption of PDSCH can be considered to determine the spatial relation of PUSCH scheduled by DCI format 0_0. Besides, the pathloss RS for the PUSCH is also determined by the QCL RS of default TCI state or QCL assumption of PDSCH. When there are two different QCL RSs in a TCI state, the QCL Type-D RS is applied.
Proposal 11: For the PUSCH scheduled by DCI format 0_0, when there is no PUCCH resource within the active UL BWP of the cell,

· The spatial relation for the PUSCH is determined by the default TCI state or QCL assumption of a PDSCH.

· The path-loss RS for the PUSCH is determined by the QCL Type-D RS of default TCI state or RS associated with QCL assumption of the PDSCH.

3. Beam failure recovery for SCell
In this section, the remaining issues for beam failure detection are discussed. Then multiplexing and transmission power reduction rules for PUCCH-BFR is analyzed. Last, the default behavior for TCI/spatial relation update after gNB response is described.

3.1 Remaining issues on beam failure detection

In RAN1#98bis, the following agreement on SCell BFR RS has been agreed, where only up to 2 BFD RS can be supported per BWP. Taking into account that there may be up to 3 and 5 CORESETs configured per SCell in the single and multi-TRP scenarios, respectively, the selection rules for BFD RS should be considered.

	Agreement

For maximum number of SCell BFD RS, support up to 2 BFD RS for per BWP without introducing additional UE capability

· FFS: whether to specify UE behaviour if number of configured CORESETs is more than 2


In general, the SCell-BFR procedure can be applied to both the single-TRP and multi-TRP scenarios, rather than a single-TRP scenario only.

· In the multi-TRP scenario, the 2 BFD RS should be selected from two CORESET groups, respectively.

· The importance of one CORESET is based on the density of monitoring occasion rather than the periodicity of searching space only. 

· For instance, one search space may be configured with a periodicity of 1 slot and 1 monitoring occasions with the monitoring slot; but the other search space may be configured with a periodicity of 2 slot and 4 monitoring occasions within the slot. Therefore, the latter one should be more importance than the former.

· Note that the monitoring occasion(s) in the slot are provided by RRC parameter monitoringSymbolsWithinSlot.
· Consequently, we recommend that the COESET from the multiple CORESETs in a CORSET group is selected in an order from the highest monitoring density, where the monitoring density is defined as the value of the number of monitoring occasion in the corresponding slot divided by the periodicity of the search space.
Besides, the total number of BFD RS(s) across all CC(s) with beam recovery procedure shall be restricted considering UE complexity. The corresponding rule should be further considered, e.g., higher priority with lower CC index, if the total number of BFD RS for all SCell-BFR is more than the maximum number.

Proposal 12: For SCell-BFR, the multi-TRP scenario should be supported

· For a CC, the two BFD-RSs should be determined according to one respective CORESET from the two CORESET groups.

· When there are multiple CORESETs within a CORESET group, the CORESET(s) is selected in an order from highest monitoring density, where the monitoring density is defined as the value of the number of monitoring occasion in the corresponding slot divided by the periodicity of the search space.
· Maximum number of BFD RS(s) across all CCs configured with SCell-BFR procedure should be supported as a UE capability.

3.2 Collision/multiplexing rules for PUCCH-BFR

3.2.1 Multiplexed with HARQ-ACK
Taking into account that the dedicated SR for recovery request is to deliver the urgent event of SCell failure, the positive PUCCH-BFR should be delivered with higher priority, when the SR is multiplexed with HARQ-ACK. In RAN1#98bis, we have the following agreement for this multiplexing rule in eMBB.
	Agreement

For eMBB, when PUCCH-BFR collides with other PUCCH that does not carry SR, reuse the dropping/multiplexing rule specified in Rel-15 for collision handling between SR and other PUCCH except the case when PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1

· FFS: When PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1


Regarding the FFS part (i.e., when PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1), according to Rel-15 spec, the PUCCH format 0 for SR should be dropped, which means that, if reusing the same rules of SR for PUCCH-BFR, the essential message for recovery request shall be dropped, and the severe performance degradation for the failed CC will occur. 

Consequently, we have the following enhancements for this case. 

· For PUCCH format 0 used for LLR and PUCCH format 1 used for HARQ-ACK,
· If the PUCCH-BFR is positive, only the PUCCH format 0 for the positive PUCCH-BFR is used for transmission;

· Otherwise, if the PUCCH-BFR is negative or the normal SR is delivered regardless of its positive or negative values, the PUCCH format 1 with HARQ-ACK is only transmitted

· Besides, for other PUCCH formats (including multiplexing with CSI), the index with SR with positive value can be explicitly provided in Rel-15, and consequently reusing this approach can inform of the positive SR for recovery request accordingly. The coding order between SR and HARQ-ACK can be further studied, when considering the better decoding performance for the former bit(s) in polar coding. 
Proposal 13: For eMMB, when PUCCH-BFR is multiplexed with HARQ-ACK,

· For PUCCH format 0 used for PUCCH-BFR and PUCCH format 1 used for HARQ-ACK,
· If the PUCCH-BFR is positive, only the PUCCH format 0 for the PUCCH-BFR is used for transmission;

· Otherwise, if the PUCCH-BFR is negative or the normal SR is delivered regardless of its positive or negative values, the PUCCH format 1 with HARQ-ACK is only transmitted;

· FFS: the coding order between SR for recovery request and HARQ-ACK in PUCCH format 2, 3 and 4.

For URLLC, the same priority rule for BFR-SR and URLLC-SR is recommended, taking into account that gNB shall schedule one PUSCH transmission immediately once receiving either of them. 

· In other words, there are two levels of SR, i.e., SR with higher priority and normal SR. URLLC-SR and PUCCH-BFR should belong to the former.
Proposal 14: For URLLC or URLLC+eMMB, PUCCH-BFR should have the same rule as URLLC-SR when colliding or multiplexing with other UL signals, e.g., HARQ-ACK, normal SR, CSI or SRS.

3.2.2 Prioritizations for transmission power reductions
For UL channel transmission, there is related prioritization for transmission power reductions in CA case, which is shown as follows. Therefore, the prioritizations for PUCCH-BFR transmission power reductions should be determined accordingly.

	7.5  Prioritizations for transmission power reductions in TS 38.213

For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion 
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 as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to 
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 for that frequency range in every symbol of transmission occasion 
[image: image24.wmf]i

. When determining a total transmit power for serving cells in a frequency range in a symbol of transmission occasion 
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, the UE does not include power for transmissions starting after the symbol of transmission occasion 
[image: image26.wmf]i

. The total UE transmit power in a symbol of a slot is defined as the sum of the linear values of UE transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of the slot. 

-
PRACH transmission on the PCell

-
PUCCH transmission with HARQ-ACK information and/or SR or PUSCH transmission with HARQ-ACK information

-
PUCCH transmission with CSI or PUSCH transmission with CSI

-
PUSCH transmission without HARQ-ACK information or CSI

-
SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 


As a special case for normal SR, PUCCH-BFR shall perform the multiplexing rules between HARQ-ACK and SR, which means that, if reusing the same rules as PUCCH transmission with HARQ-ACK information and/or SR, the transmission power of PUCCH-BFR can be guarantee, which is only de-prioritized with PRACH transmission on the PCell (which is usually initialized by RLF or PCell BFR).

Proposal 15: For the prioritization of transmission power reduction, the PUCCH-BFR reuses the same priority as PUCCH transmission with HARQ-ACK information and/or SR.
3.3 Remaining issues on TCI/spatial relation update after gNB response

In RAN1#98, the UE behavior when no new beam RS is configured is discussed, and the following agreement related to down-selection is reached. 
	Agreement

At least for PDCCH, after K symbols after receiving response to step 2 MAC-CE, UE applies the new beam indicated in step 2 MAC-CE at least for the DL reception on the failed SCell if a new beam is identified.
· Applies for all CORESETs in the failed SCell
· FFS: Any other channel
· FFS: value of K


Regarding the value of K, the same value of 28 symbols as in PCell-BFR can be considered. Besides, when the simultaneousTCI-CellList is configured, the all CORESETs in the CCs within the simultaneousTCI-CellList associated with the failed SCell should be updated according to the newly identified beam qnew
Proposal 16: For PDCCH, after K=28 symbols after receiving response to step 2 MAC-CE, UE applies the new beam indicated in step 2 MAC-CE at least for the DL reception if a new beam is identified
· Applies for all CORESETs in the failed SCell and other cells within the simultaneousTCI-CellList that includes the failed SCell, if the simultaneousTCI-CellList is configured
Regarding the UL channels, e.g., PUCCH, PUSCH and SRS, the same updating rules as PDCCH should be applied also, when the failed CC is configured with UL. It is considered that, when the DL-PDCCH transmission fails, the UL channels should fail with higher probability due to the fact that the Tx power of UL channel is much less than that of DL channel. The following default power control parameter can be applied for the UL channels, accordingly.

· The P0 and alpha, if any, are provided by the entries with lowest ID in the P0 and alpha set, respectively,

· The path-loss RS is the DL RS with index q_new

· The closed loop index is 0, for PUCCH and PUSCH.

Proposal 17: After K=28 symbols after receiving response to step 2 MAC-CE, UE applies the new beam indicated in step 2 MAC-CE for the PUCCH and SRS transmission on the failed SCell if a new beam is identified

· Applies for all PUCCH and SRS in the failed SCell and other cells within the simultaneousTCI-CellList that includes the failed SCell, if the simultaneousTCI-CellList is configured

· The following default power control parameter are applied.

· For PUCCH, PUSCH and SRS, the P0 and alpha, if any, are provided by the entries with lowest ID in the corresponding P0 and alpha set, respectively,

· For PUCCH, PUSCH and SRS, the path-loss RS is updated as the DL RS with index q_new

· For PUCCH and PUSCH, the closed loop index is 0.
4. Measurement and reporting of  L1-SINR
4.1 Association/combination between CMR and IMR
In RAN1#98 and RAN1#98bis, the one-to-one mapping between CMR and ZP-IMR/NZP-IMR has been agreed if IMR is configured to be on ZP-IMR or NZP-IMR only, but the one-to-multiple mapping between CMR and NZP-IMR and association among CMR, ZP-IMR and NZP-IMR in CMR+NZP-IMR+ZP-IMR are still open. 

4.1.1 CMR+NZP-IMR and QCL configuration for NZP-IMR
In RAN1#98bis, the following agreement has been reached, where there are still two open issues for support of option 2a without RRC signalling impact and QCL configuration for NZP-IMR. 

	Agreements:
For NZP-IMR based interference measurement, option 1a is supported

· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N IMR(s), and they are 1:1 mapped

· For each SINR, interference is measured based on each associated NZP-IMR only

· UE may assume that the NZP CSI-RS resource for channel measurement and NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’

· FFS: Whether QCL-TypeD can be configured to each NZP IMR

· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer

· FFS: Additional support of option 2a (without RRC signalling impact)

Note: There is no consensus in RAN1 on the support of option 2b/2c (which introduces IMR index reporting for L1-SINR)


Regarding Option 2a, i.e., one CMR can be mapped to K>=1 IMR(s), we have the following analysis.

· The one or more interference beam(s) can be emulated flexibly through using the configurable IMR(s), which is shown in Figure 2. In other words, Option 1a can be assumed as a special case of Option 2a, when the only one IMR is mapped for the CMR.
· In CMR+NZP-IMR for Rel-15 CSI reporting, the maximum number of NZP-IMR ports is restricted to be no more than 18 ports as follows, and multiple NZP-IMR resources can be configured to be mapped with one CMR resource, e.g., 9 NZP-IMR resources with 2 ports. Considering, for CMR+NZP-IMR in L1-SINR reporting, there is only one port NZP-IMR can be configured for L1-SINR reporting, the option 2a can be assumed as a straightforward solution to align with the CMR+NZP-IMR in CSI reporting, i.e., through configuring multiple NZP-IMR resources.
· Considering the conclusion that how to measure interference for L1-SINR from the configured ZP/NZP IMRs is up to UE implementation, the one-to-multiple mapping does not introduce the higher UE complexity of L1-SINR calculation.

	5.2.1.4.1  Resource Setting configuration in TS 38.214

If interference measurement is performed on NZP CSI-RS, a UE does not expect to be configured with more than one NZP CSI-RS resource in the associated resource set within the resource setting for channel measurement. The UE configured with the higher layer parameter nzp-CSI-RS-ResourcesForInterference may expect no more than 18 NZP CSI-RS ports configured in a NZP CSI-RS resource set.


The value of K in the one to K mapping between CMR and NZP-IMR can be derived through dividing the number of NZP IMR resources by the number of CMR resources, and so there is not further RRC impact. Consequently, the Option 2a is recommended to be supported.


[image: image27.emf]NZP-IMR Resource setting 

L1-SINR reporting 

setting

NZP-IMR resource set

CMR Resource setting 

CSI-RS resource set 

Association between 

1 CMR and 1 or 

more NZP-IMR(s)


Figure 2 Association between CMR and NZP-IMR resource(s) in Option 2a

Proposal 18: For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR only, Option 2a “1 CMR can be mapped to K IMRs” is supported.

· The value of K is derived through dividing the number of NZP IMRs by the number of CMRs.

Regarding QCL configuration for NZP-IMR, we think that, besides the QCL-TypeD, QCL-TypeA is also necessary for the NZP-IMR reception. Therefore, the NZP-IMR should be configured with TCI state.

· For periodic NZP-IMR, the TCI state can be configured in RRC level, where we do not need any further enhancement for this configuration.

· For semi-persistent NZP-IMR, the TCI state is provided by the MAC-CE for SP CSI-RS/CSI-IM resource set activation. Taking into account the following format for this MAC-CE as shown in Figure 3, one more field to indicate the SP NZP-IMR resource set ID is necessary.

· For aperiodic NZP-IMR, the QCL assumption for the aperiodic NZP-IMR is provided by TCI state list associated with an aperiodic CSI triggering state, i.e., for CMR. It can be further studied whether the new dedicated RRC TCI state list can be introduced for the aperiodic NZP-IMR.
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Figure 3 SP CSI-RS/CSI-IM Resource Set Activation/Deactivation MAC CE in Rel-15
Proposal 19: For L1-SINR based beam report, NZP-IMR can be configured with TCI state(s).

· For semi-persistent NZP-IMR, the TCI state(s) are provided by the MAC-CE for SP CSI-RS/CSI-IM resource set activation, where one more field of indicating NZP-IMR set is enhanced over Rel-15 design.

· For aperiodic NZP-IMR, the TCI state(s) is provided by TCI state list associated with the aperiodic CSI triggering state, i.e., for CMR.
4.1.2 CMR+ZP-IMR+NZP-IMR
 In RAN1#97, "multiple CMR + multiple NZP-IMR+ only one ZP-IMR" has been agreed as in WA. In our views, this case is an enhanced function for CMR+NZP-IMR as mentioned above, and the only one ZP-IMR is used for measuring the background interference, e.g., inter-cell interference. 

·  In such case, the CMR and its associated NZP-IMR(s) and ZP-IMR(s) configured for one CSI reporting are QCLed with respect to 'QCL-TypeD'

· Similarly, the one-to-one, one-to-K, and K-to-one mapping between CMR and NZP-IMR shall be supported as in the case of CMR+NZP-IMR only.
One example for this framework can be found in the Figure 3, where the parameter “Repetition = off” for both CMR and NZP-IMR is configured as for P2 interference-aware TX beam sweeping. Taking into account that only one ZP-IMR is configured, the all CMR and NZP-IMR resources should be QCL-TypeD QCLed.
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Figure 3 Association between CMR, NZP-IMR and ZP-IMR resource(s)
Proposal 20: Confirm the following working assumption in RAN1#97

· When dedicated IMR is configured,

· NW can configure interference measurement for L1-SINR with either of the following options

· ZP-IMR only

· NZP-IMR only 

· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)

· Maximum Number of ZP IMR is 1

4.2 Reporting procedure for L1-SINR

4.2.1 RRC parameter repetition for CSI-RS for channel measurement and NZP-IMR
In RAN1#97, it is agreed that the CSI-RS for interference measurement should be CSI-RS for beam management, which means that higher layer parameter Repetition should be configured accordingly. 

· Since UE may also do receive beam sweeping based on different combinations of CMR and IMR, the RRC parameter of “repetition = on/off” for NZP-IMR (i.e., whether the same Tx spatial filter for NZP-IMR resources within a set is used or not) should be supported. For instance, we have

· In P-2, the CMR and NZP-IMR resource sets are configured with “repetition = off”, and K CMR resources are associated with the respective one IMR(s) in order, where there are N*K CMR resources in the CMR resource set and N IMR(s) in the IMR resource set. In such case, the candidate interference beam(s) are limited according to MU scheduling, but there are some more candidate beams to be selected for the subsequent transmission. 

· In P-3, the CMR and NZP-IMR resource sets are configured with “repetition = on”, and one CMR resource is associated with the respective K IMR(s) in order, where the K IMR is to emulate multiple interference beams.

· Besides, in order to avoid the ambiguity of initializing UE Rx beam sweeping or keeping the same UE Rx beam for measurement, the same parameter value of “repetition= on/off” should be configured for both CMR and NZP-IMR in the L1-SINR reporting configuration.

Proposal 21: The RRC parameter of “repetition = on or off” is configurable for NZP-CSI-RS resource set for interference measurement.

· The CMR and NZP-CSI-RS for interference measurement should be configured with same repetition value, i.e., they are either both of “repetition = on” or both of “repetition=off”.

Besides, when the higher layer parameter of “repetition = on” is configured for both CMR and NZP-IMR, the reporting of CMR index is unnecessary as in RSRP reporting. Consequently, the only SINR value is reported in the SINR reporting.

Proposal 22: Only L1-SINR value is required to be reported, when the configuration of “repetition = on” for both CMR and NZP-IMR in L1-SINR reporting.

4.2.2 Z and Z’ for L1-SINR
Considering that L1-SINR is also based on beam management procedure, e.g., beam switching/reference, reusing UE capability value for RSRP is slightly preferred, and only power contribution related to interference parts should be derived accordingly. 

· Note that the Z’ is defined as the last symbol in time of the latest of CMR, NZP-IMR and ZP-IMR, which means that even if the NZP-IMR and ZP-IMR is further configured (e.g., at the end of CMR), the total computation time can be extended according to the Rel-15 design.

The values of Z and Z’ for SINR report are determined according to the corresponding subcarrier spacing. Furthermore, the UE capability values of {X1, X2, X3, X4, KB1 and KB2} and following table corresponding to L1-RSRP reporting can be reused for SINR reporting. 

Table1 1 Z3 for L1-RSRP reporting in Rel-15
	Z3 [symbols]

	Z3
	Z'3

	22
	X1

	33
	X2

	min(44, X3+ KB1)
	X3

	min(97, X4+ KB2)
	X4


Proposal 23: The values of Z and Z’ for SINR report are provided by Z3 and Z’3, respectively.
5. Conclusion

In this contribution, we provide the following observation and proposals for latency and overhead reduction. 
Observation 1:  For default spatial relation behavior for PUCCH, the independent activation of power control parameters from combination between spatial relation and power control parameter can NOT be achieved by Rel-15 RRC/MAC-CE framework.

Observation 2:  The usages and benefits that spatialRelationInfo is NOT configured but path-loss RS is configured are unclear.

Proposal 1:  The new parameter(s) for PUCCH resource grouping can be configured per PUCCH resource.

· The applied PUCCH resource group is determined by the indicated PUCCH resource ID in the MAC-CE.
Proposal 2:  When a PUCCH-SpatialRelationInfo ID is activated for a PUCCH resource group by a MAC CE for a list of CCs/BWPs, the PUCCH-SpatialRelationInfo ID is applied for the PUCCH resource group(s) with the same group ID for all the BWPs in the indicated CCs.
· If there is no PUCCH configuration for a CC in the CC list, the MAC-CE command is NOT applied to the CC.

· The applicable list of CCs is determined by higher layer parameter simultaneousSpatialRelationCellList and the indicated CCs in the MAC CE.

Proposal 3:  Confirming the following working assumption with the modification.
When a Spatial Relation Info(s) isare activated for each of a SP/AP SRS resource(s) of a SRS resource set 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).
Proposal 4:  The maximum number of the RRC configurable path-loss RSs for PUSCH, PUCCH and SRS are all increased to 64.

Proposal 5:  When a PUSCH-PathlossReferenceRS-Id is activated/updated for a PUSCH by a MAC CE for a list of CCs/BWPs, the PUSCH-PathlossReferenceRS-Id is applied for the PUSCH with the same sri-PUSCH-PowerControlId(s) for all the BWPs in the indicated CCs.
· The applicable list of CCs is determined by higher layer parameter simultaneousSpatialRelationCellList and the indicated CCs in the MAC CE.

· Note that the MAC-CE is the activation/updating MAC-CE for PUSCH pathloss RS in a CC.

Proposal 6:  When a SRS-PathlossReferenceRS-Id is activated/updated for an SP/AP SRS resource set by a MAC CE for a list of CCs/BWPs, the SRS-PathlossReferenceRS-Id is applied for the SP/AP SRS resource with the same SRS resource set ID for all the BWPs in the indicated CCs.
· The applicable list of CCs is determined by higher layer parameter simultaneousSpatialRelationCellList the indicated CCs in the MAC CE.

· Note that the MAC-CE is the activation/updating MAC-CE for SRS pathloss RS in a CC.

Proposal 7:  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 
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corresponding to the PUSCH-PathlossReferenceRS-Id mapped with sri-PUSCH-PowerControlId = 0 is used for path-loss measurement of PUSCH transmission
· The above is applied to the Rel-16 UE supporting the feature of MAC-CE based update for PUSCH path-loss RS.
Proposal 8:  For default spatial relation behavior for PUCCH and SRS, only support the case that no pathloss RSs are configured by RRC in Rel-16. 
Proposal 9:  For default spatial relation behavior for PUCCH and SRS, the following should be clarified.

· In case when CORESET(s) are configured on the CC, the most recently monitored downlink slot for determining the corresponding CORESET should be the most recently monitored downlink slot not later than the first downlink slot overlapped with the first uplink slot of the PUCCH or SRS.
· Note that the spatial relation of PUCCH transmission across all 
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 slots should be the same
Proposal 10:  For the feature of default spatial relation behavior for PUCCH and SRS, the following should be supported.

· For PUCCH and SRS, the RS in the corresponding TCI state or QCL assumption is applied to the path-loss measurement.
· Note: when there are two different RS(s) in the TCI state, the QCL Type-D RS is applied.
· For PUSCH, the path-loss RS for its associated SRS resource set, i.e., for codebook or non-codebook transmission, is re-used for its path-loss measurement.
· When the corresponding TCI state is updated by MAC-CE, the same timeline for MAC-CE based update for PUSCH and SRS can be reused.
Proposal 11: For the PUSCH scheduled by DCI format 0_0, when there is no PUCCH resource within the active UL BWP of the cell,

· The spatial relation for the PUSCH is determined by the default TCI state or QCL assumption of a PDSCH.

· The path-loss RS for the PUSCH is determined by the QCL Type-D RS of default TCI state or RS associated with QCL assumption of the PDSCH.

Then, we provide the following proposals for beam failure recovery for SCell. 
Proposal 12: For SCell-BFR, the multi-TRP scenario should be supported

· For a CC, the two BFD-RSs should be determined according to one respective CORESET from the two CORESET groups.

· When there are multiple CORESETs within a CORESET group, the CORESET(s) is selected in an order from highest monitoring density, where the monitoring density is defined as the value of the number of monitoring occasion in the corresponding slot divided by the periodicity of the search space.
· Maximum number of BFD RS(s) across all CCs configured with SCell-BFR procedure should be supported as a UE capability.

Proposal 13: For eMMB, when PUCCH-BFR is multiplexed with HARQ-ACK,

· For PUCCH format 0 used for PUCCH-BFR and PUCCH format 1 used for HARQ-ACK,
· If the PUCCH-BFR is positive, only the PUCCH format 0 for the PUCCH-BFR is used for transmission;

· Otherwise, if the PUCCH-BFR is negative or the normal SR is delivered regardless of its positive or negative values, the PUCCH format 1 with HARQ-ACK is only transmitted;

· FFS: the coding order between SR for recovery request and HARQ-ACK in PUCCH format 2, 3 and 4.

Proposal 14: For URLLC or URLLC+eMMB, PUCCH-BFR should have the same rule as URLLC-SR when colliding or multiplexing with other UL signals, e.g., HARQ-ACK, normal SR, CSI or SRS.

Proposal 15: For the prioritization of transmission power reduction, the PUCCH-BFR reuses the same priority as PUCCH transmission with HARQ-ACK information and/or SR.
Proposal 16: For PDCCH, after K=28 symbols after receiving response to step 2 MAC-CE, UE applies the new beam indicated in step 2 MAC-CE at least for the DL reception if a new beam is identified
· Applies for all CORESETs in the failed SCell and other cells within the simultaneousTCI-CellList that includes the failed SCell, if the simultaneousTCI-CellList is configured
Proposal 17: After K=28 symbols after receiving response to step 2 MAC-CE, UE applies the new beam indicated in step 2 MAC-CE for the PUCCH and SRS transmission on the failed SCell if a new beam is identified

· Applies for all PUCCH and SRS in the failed SCell and other cells within the simultaneousTCI-CellList that includes the failed SCell, if the simultaneousTCI-CellList is configured

· The following default power control parameter are applied.

· For PUCCH, PUSCH and SRS, the P0 and alpha, if any, are provided by the entries with lowest ID in the corresponding P0 and alpha set, respectively,

· For PUCCH, PUSCH and SRS, the path-loss RS is updated as the DL RS with index q_new

· For PUCCH and PUSCH, the closed loop index is 0.
Finally, we provide the following proposals for L1-SINR reporting. 
Proposal 18: For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR only, Option 2a “1 CMR can be mapped to K IMRs” is supported.

· The value of K is derived through dividing the number of NZP IMRs by the number of CMRs.

Proposal 19: For L1-SINR based beam report, NZP-IMR can be configured with TCI state(s).

· For semi-persistent NZP-IMR, the TCI state(s) are provided by the MAC-CE for SP CSI-RS/CSI-IM resource set activation, where one more field of indicating NZP-IMR set is enhanced over Rel-15 design.

· For aperiodic NZP-IMR, the TCI state(s) is provided by TCI state list associated with the aperiodic CSI triggering state, i.e., for CMR.
Proposal 20: Confirm the following working assumption in RAN1#97

· When dedicated IMR is configured,

· NW can configure interference measurement for L1-SINR with either of the following options

· ZP-IMR only

· NZP-IMR only 

· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)

· Maximum Number of ZP IMR is 1

Proposal 21: The RRC parameter of “repetition = on or off” is configurable for NZP-CSI-RS resource set for interference measurement.

· The CMR and NZP-CSI-RS for interference measurement should be configured with same repetition value, i.e., they are either both of “repetition = on” or both of “repetition=off”.

Proposal 22: Only L1-SINR value is required to be reported, when the configuration of “repetition = on” for both CMR and NZP-IMR in L1-SINR reporting.

Proposal 23: The values of Z and Z’ for SINR report are provided by Z3 and Z’3, respectively.
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