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1. Introduction
In this contribution, we discuss the enhancements on multi-beam operation in Rel-16, including low latency and overhead beam selection, beam failure recovery for SCell, and beam measurement and reporting of L1-SINR.

2. Low latency and overhead beam selection
2.1 Default spatial relation info in FR2
In Rel. 15, typical cell deployment assumes single active beam operation, i.e. one beam is activated to a UE for all UL/DL channels. In such operation, it is beneficial to define default spatial relation to follow DL beam from signaling overhead perspective, because once DL beam is updated, the spatial relation is automatically updated. In RAN1#98b, the following working assumption (WA) was made.
	Working Assumption
[bookmark: _Hlk23842820]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




The above WA is applied at least when no pathloss RSs are configured by RRC. From operator perspective, we assume NW always configures the pathloss RSs, and it is important to include the case “when pathloss RSs are configured” for the applied condition of the default spatial relation. Also, for the second FFS (Details on default spatial relation in multicarrier scenario), we already made WA of the simultaneous spatial relation update across multiple CCs, we can remove the second FFS.
Proposal 2-1: 
· Confirm the working assumption in RAN1#98-bis, with the following updates.
· 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

The default spatial relation can be applied to UEs not supporting the beam correspondence as well. It is because the beam correspondence is “Mandatory with capability signalling” in FR2; and even if UE does not support the beam correspondence, that UE shall meet the beam correspondence tolerance requirement, with 3~3.2dB relaxed EIRP, according to the RAN4 requirement of the beam correspondence, which is summarized as following: 
· The meaning of [bit-1] is that UE supports the beam correspondence and meets the requirement of the beam correspondence
· The meaning of [bit-0] is that UE supports the beam correspondence and meets the requirement of the beam correspondence,
· 1) without any realization of the requirement, if additional SRS beam sweeping is configured
· 2) with 3~3.2 dB realization of the requirement, if additional SRS beam sweeping is not configured
Proposal 2-2: 
· The default spatial relation for dedicated-PUCCH/SRS in FR2 can be applied regardless of whether UE supports the beam correspondence or not.
[bookmark: _GoBack]
2.2 Spatial relation for PUSCH scheduled by DCI format 0_0
In TS38.214 of Rel.15, spatial relation for PUSCH scheduled by DCI format 0_0 is derived from spatial relation of the lowest ID of PUCCH resource in FR2.
	6.1 UE procedure for transmitting the physical uplink shared channel
[…]
For PUSCH scheduled by DCI format 0_0 on a cell, the UE shall transmit PUSCH according to the spatial relation, if applicable, corresponding to the dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell, as described in sub-clause 9.2.1 of [6, TS 38.213].
[…]



Consequently, NW should configure PUCCH resources to all SCells where PUSCH can be scheduled by DCI format 0_0, even if PUCCH is never transmitted on the SCell. In order to reduce unnecessary PUCCH resource configuration and from low overhead beam selection perspective, it is preferable to enable DCI format 0_0 to schedule PUSCH on any SCell in FR2, even if PUCCH resource is not configured. 
Since Rel.16 defines the default spatial relation for PUCCH/SRS in FR2, we can reuse it to determine the spatial relation of PUSCH scheduled by DCI format 0_0.
Proposal 2-3: 
· If PUCCH resource is not configured within an active UL BWP of a cell, the spatial relation, if applicable, of the default spatial relation for dedicated-PUCCH/SRS for a CC introduced in Rel.16 is applied to PUSCH scheduled by DCI format 0_0 on the same CC.

2.3 Default spatial relation for SRS with antennaSwitching
In RAN1#98b online discussion, there was a comment that in case of SRS with antennaSwitching, multiple SRS resources can be configured on multiple slots, and different default spatial relation may be assumed on each slot, as shown in fig. 2-1. However, the multiple SRS resources for usage = antennaSwitching is used for DL CSI acquisition, and it is preferable to assume the same default spatial relation for all SRS resources.
Proposal 2-4: 
· If the spatial relation of SRS resources for usage = antennaSwitching are not configured and the SRS resources are across on multiple slots in FR2, the same default spatial relation is applied to the all SRS resources. 
· Default spatial relation of the first transmitted SRS resources with usage = antennaSwitching are applied to all remaining SRS resources with usage = antennaSwitching 

[image: ]
Figure 2-1. Default spatial relation for SRS with antennaSwitching.

2.4 Simultaneous update of multiple TCI-states/spatial-relation by one MAC CE
In RAN1#98b, the simultaneous update of multiple TCI-states/spatial-relation by one MAC CE was discussed. In the agreement, there is following FFS point for PDCCH/PDSCH/SRS
	· Whether to support the inter-band CA for this feature will be decided in RAN1#99.



DOCOMO has inter-band CA frequency in FR1 (3.7 GHz + 4.5 GHz), and we would like to include inter-band CA in FR1 for the feature of the simultaneous beam update across multiple CCs/BWPs, because we believe this feature is useful for our inter-band CA in FR1. 
Proposal 2-5: 
· Inter-band CA in FR1 is supported for simultaneous update of TCI-state/spatial-relation across multiple CCs for PDCCH/PDSCH/SRS. 

For FR2, inter-band CA (28GHz + 40 GHz) is discussed in RAN4, but we assume the beam management is independently done on each freq. band, and hence there is no strong motivation to include inter-band CA in FR2.

2.5 Pathloss reference RS updated by MAC CE
In RAN1#98b, the following was agreed.
	Agreement
Select one among the following alternatives on whether/how to revise the existing mechanism on higher layer filtered RSRP for pathloss measurement, when a pathloss RS is updated by MAC CE (if agreed) in RAN1#99.
· Alt.1: L1-RSRP based pathloss measurement is applied when the pathloss RS is updated by MAC CE.
· Alt.2: Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE. 
· Note, before the higher layer filtered RSRP is applied, UE uses L1-RSRP for pathloss estimation.
· Alt.3: Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.
· Note: Filtered RSRP value for previous pathloss RS will be used before the application time.
· Alt.4: Reuse higher layer filtered RSRP for pathloss measurement, with the same behavior with higher layer filtered RSRP as in Rel-15.
· Note: UE is expected to track all the RRC-configured candidate pathloss RSs.
· Note: The maximum configurable pathloss RSs by RRC is up to UE capability.
· Note: If there is no consensus to the down-selection above, the specification in Rel-16 only allows the maximum configurable pathloss RSs by RRC is 4 (same as Rel-15). For less than or equal to X candidate pathloss RSs configured by RRC, the existing mechanism on higher layer filtered RSRP for pathloss measurement can be reused.
· Baseline is X=4.
· The pathloss RS selected by the MAC CE, if agreed, is among the X RRC configured candidate pathloss RSs.
· Note: For Alt.1, Alt.2, Alt.3, and Alt.4, the maximum configurable pathloss RSs by RRC is increased from Rel-15, e.g., 8, 16, or 64.
· For Alt.1, Alt.2, Alt.3, such pathloss reference signals are for configuration purpose only.
 



Alt. 1 and Alt. 2 propose to introduce L1-RSRP based pathloss measurement. In TS 38.133, L1-RSRP measurement requirement is specified. For CSI-RS based L1-RSRP measurement, the number of samples for L1-RSRP measurement is specified as following (M is the number of samples for L1-RSRP measurement). 

	9.5.4.2	CSI-RS based L1-RSRP Reporting [TS 38.133]
[…]
The value of TL1-RSRP_Measurement_Period_CSI-RS is defined in Table 9.5.4.2-1 for FR1 and in Table 9.5.4.2-2 for FR2, where
-	For periodic and semi-persistent CSI-RS resources, M=1 if higher layer parameter timeRestrictionForChannelMeasurement is configured, and M=3 otherwise
-	For aperiodic CSI-RS resources M=1 
[…]




We doubt CSI-RS measurement of M= 1 or 3 sample(s) is enough to calculate accurate pathloss. In case the pathloss is not correctly calculated, uplink transmission power would be different from NW’s expectation, which causes unnecessary intra//inter cell interference.
On the other hand, Alt. 3 and Alt. 4 doesn’t introduce L1-RSRP based pathloss measurement. For Alt. 3, as long as the applicable timeline after the MAC CE is defined, there is no ambiguity; and we don’t see any problem with Alt.3. We are also fine with Alt.4, but we are wondering how many RSs UE can track in practical. In Alt. 4, if UE only reports 4 as the max number of configurable pathloss RSs, there is no enhancement from Rel. 15. 
Proposal 2-6: 
· Not introduce L1-RSRP based pathloss measurement
· Support Alt.3 (1st priority) or Alt.4 (2nd priority) of agreement of RAN1#98b
· Alt.3: Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.
· Note: Filtered RSRP value for previous pathloss RS will be used before the application time.
· Alt.4: Reuse higher layer filtered RSRP for pathloss measurement, with the same behavior with higher layer filtered RSRP as in Rel-15.
· Note: UE is expected to track all the RRC-configured candidate pathloss RSs.
· Note: The maximum configurable pathloss RSs by RRC is up to UE capability.

3. Beam failure recovery for SCell

3.1 QCL assumption for UL channel after BFR completion
In RAN1#98b, QCL assumption for PDCCH after BFR completion was agreed. 
	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
R


For UL channel, there was discussion whether to define QCL assumption for UL channel in RAN1#98b. However, the relationship between the default spatial relation and this QCL assumption for UL channel is not clear. If the spatial relation of PUCCH/SRS is not configured in FR2, the default spatial relation is applied as the default QCL of PDSCH (e.g. the lowest CORESET ID on the latest slot). For UE assuming the default spatial relation, UE automatically update the default spatial relation when the QCL assumption of CORESET is updated. So, there is no need to define QCL assumption for UL channel after BFR completion for UE applying the default spatial relation.
Observation 3-1: 
· For UE applying the default spatial relation, there is no need to define QCL assumption for UL channel after BFR completion

Moreover, if we define the QCL assumption for UL after BFR completion for UE applying the default spatial relation, UE behavior conflicts whether UE should follow to the “updated” default spatial relation or the new beam identified during the BFR. Hence, in case we define the QCL assumption for UL channel after BFR completion, the case of the default spatial relation should be excluded.
Proposal 3-1: 
· If QCL assumption for UL channel after BFR completion is defined, the case UE applies the default spatial relation should be excluded

3.2 Multiplexing/dropping rule of SR-like dedicated PUCCH
There is a case that dedicated SR-like PUCCH resource collides with other UL resource, and we need to discuss whether to define new multiplexing/dropping rule of SR-like dedicated PUCCH. In Rel.15, there was a long discussion of multiplexing/dropping rule of multiple UCIs or multiple UL channels; from our perspective, we don’t see the necessity to re-open the discussion to define new rule, and we prefer to simply reuse the existing multiplexing/dropping rule of SR.
Proposal 3-2: 
· Existing multiplexing/dropping rule of SR is reused for that of SR-like dedicated PUCCH

4. Beam measurement and reporting of L1-SINR
4.1 Performance evaluation
1 
2 
To compare the performance of different beam measurement/reporting methods, system level simulation is performed. In this section, we provide the evaluation results of L1-RSRP only based beam selection method, L1-SINR only based beam selection method, and combined L1-RSRP and L1-SINR based beam selection method. In the combined method, the beam pair links (BPLs) which have L1-RSRP within x dB (e.g., x=3) gap compared with the BPL with the highest L1-RSRP are selected first. Among those selected BPLs, if the L1-SINR of the BPL with the highest L1-SINR is x dB (e.g., x=2) higher than that of the BPL with the highest L1-RSRP, the BPL with the highest L1-SINR is selected. Otherwise, the BPL with the highest L1-RSRP is selected. In the simulation, for interference calculation, random Tx beams are assumed for neighboring gNBs, and UE uses the best Rx beam (for signal reception) to receive the interference from surrounding gNBs who have traffic load. In the simulation, cell average spectral efficiency and 5% edge UE spectral efficiency are evaluated as the metrics. Detailed evaluation assumptions are listed in Table A-I in appendix. The evaluation results are summarized in Figure 4-1. Figure 4-1 (a), (b), (c) provide the evaluation results in full buffer, FTP model 1 with a high resource utilization of 0.84, and FTP model 1 with a medium resource utilization of 0.57, respectively.
	
	   


(a) Full buffer
  
(b) FTP model 1 (RU=0.84)
  
(c) FTP model 1 (RU=0.57)
Figure 4-1. Spectral efficiency of different beam selection methods
[bookmark: OLE_LINK5]From the results above, we can observe that L1-SINR only based beam selection could not outperform L1-RSRP based beam selection. The main reasons for such performance tendency are as follows. 
1. [bookmark: _Hlk524529166]The mismatch between the measured interference in L1-SINR reporting and the actual interference condition for data reception
2. The MMSE-IRC receiver at UE can mitigate inter-cell interference to some extent, which makes the measured interference level in L1-SINR is less important than the signal strength (RSRP)
[bookmark: _Hlk524525231]In addition, we can observe that combined L1-RSRP and L1-SINR based beam selection method achieves the highest performance. This is because the combined method can consider both signal strength and interference condition to make a better decision for beam selection. Hence, it is suggested that NR should support combination of L1-RSRP and L1-SINR measurement and reporting to achieve a better beam selection method.
Observation 4-1: 
· L1-SINR only based beam selection could not outperform L1-RSRP based beam selection.
· Combination of L1-RSRP and L1-SINR based beam selection could achieve better performance than L1-RSRP only based beam selection.
Proposal 4-1: 
· NR should consider combination of L1-RSRP and L1-RSRQ/L1-SINR measurement and reporting based beam selection method.

4.2 Enhancement on beam measurement and reporting
3 
4.2.1 UE capability for L1-SINR
In RAN1#97 meeting, it was agreed that support of L1-SINR is optional, and it was discussed that whether the support of NZP IMR and ZP IMR are separate UE capabilities. Rel-15 has defined a UE capability parameter nzp-CSI-RS-IntefMgmt to indicates whether the UE supports interference measurements using NZP CSI-RS. We think this parameter can be reused for L1-SINR measurement. Hence, it would be sufficient to define a UE capability parameter to indicate whether the UE supports L1-SINR measurement or not. If the parameter nzp-CSI-RS-IntefMgmt is also enabled, it means that NZP IMR is supported for L1-SINR measurement. Otherwise, only ZP IMR is supported for L1-SINR measurement.
Proposal 4-2: 
· Define a UE capability parameter to indicate whether the UE supports L1-SINR measurement or not.
· Reuse Rel.15 UE capability of nzp-CSI-RS-IntefMgmt to indicates whether the UE supports interference measurements using NZP CSI-RS or not.
· If the parameter nzp-CSI-RS-IntefMgmt is also enabled, it means that NZP IMR is supported for L1-SINR measurement. Otherwise, only ZP IMR is supported for L1-SINR measurement.

4.2.2 Reporting content
In RAN1#96 meeting, following agreement was made for beam reporting.
	Agreement
At least support gNB can configure UE to report up to N reported SSBRI/CRIs defined in Rel-15 and corresponding L1-SINR values for in a beam reporting instance
· N is configured by RRC signaling with candidate values of {1, 2, 3, 4}
· [bookmark: _Hlk6997069]FFS: SSBRI/CRI implies a CMR/IMR combination configured by gNB based on CSI framework
· [bookmark: _Hlk7076524]FFS: details on information on CMR/IMR association
· Make a decision in RAN1 #97 whether to support gNB to configure UE to report [IMR index] and RSRP additionally in a beam reporting instance
· Companies are encouraged to provide evaluation results



As shown in our simulation, a combination of L1-RSRP and L1-SINR measurement/reporting based beam selection method should be supported in NR Rel-16. To support the combined beam selection method, following options can be considered for L1-SINR based beam reporting.
· Option 1: L1-RSRP is always reported together with L1-SINR. 
· It can further improve the system performance if L1-RSRP is also used by UE to select/decide the beam(s) to be reported.
· Option 2: L1-RSRP is not reported together with L1-SINR but L1-RSRP is used by UE to select/decide the beam(s) to be reported.
· Option 3: Whether L1-RSRP is reported together with L1-SINR can be configured by RRC signaling. L1-RSRP should be used by UE to select/decide the beam(s) to be reported, at least when L1-RSRP is not configured to be reported.
Our priority order for the options above is Option 3 > Option 1 > Option 2. Based on Option 3, we give an example of optimized procedure for the combined beam selection method with three steps as shown below.
1. UE is configured to perform beam measurement and determines reported beam(s) based on L1-RSRP and/or L1-SINR
a) If UE is configured to perform measurement and determines reported beam(s) based on L1-SINR (and L1-RSRP), with the higher layer parameter groupBasedBeamReporting set to 'disabled',
i. Alt. 1: UE decides the M (M>= nrofReportedRS) best candidate beams based on L1-RSRP first. Then among the M beams, UE selects the nrofReportedRS beam(s) to be reported based on L1-SINR.
ii. Alt. 2: UE decides the M (M>= nrofReportedRS) best candidate beams based on L1-SINR first. Then among the M beams, UE selects the nrofReportedRS beam(s) to be reported based on L1-RSRP.
b) In our simulation, it is found that Alt. 1 provides higher performance than Alt. 2. In Alt. 2, if a BPL has the highest L1-SINR but bad L1-RSRP, the performance is not good due to low signal strength and variable interference condition. Hence, it is better to select some beams with highest L1-RSRP first, then down-selection can be performed among those beams based on L1-SINR.
2. UE is configured to report the measured values of L1-RSRP only, or L1-SINR only, or both L1-RSRP and L1-SINR for the reported beam(s)
a) If UE is configured to report L1-SINR only, or both L1-RSRP and L1-SINR, as discussed in Step 1, UE decides the reported beams based on both L1-RSRP and L1-SINR measurement results.
b) For reporting of multiple beams, differential value reporting can be considered for L1-RSRP/L1-SINR to reduce the reporting overhead.
3. After receiving UE’s reporting, NW can further down select the used beams based on the reported measurement results.
With the three steps above, a flexible measurement/reporting configuration and beam selection method can be supported, which facilities NW operation. 
In last meeting, some companies said that, there is no need for an additional spec support for this issue since it can be done via implementation, e.g., NW can configure the UE with two reporting settings for L1-RSRP reporting and L1-SINR reporting, respectively. However, separate reporting settings could not achieve the same effectiveness as the combined method. Table 4-1 shows an example of L1-RSRP and L1-SINR measurement results for a gNB with 8 beams. If two separate reporting settings are configured and maximum of 2 beams can be reported for each reporting setting, in this example, beam #1 and beam #2 are reported for L1-RSRP while beam #5 and beam #4 are reported for L1-SINR. Since the best L1-RSRP beams and best L1-SINR beams are totally different, it is still difficult for NW to make a good decision for beam selection. While in the combined method, UE can decide the M=3 best beams (or M best beams above a certain threshold, e.g., -100 dBm) based on L1-RSRP first, i.e., beam #1, beam #2, and beam #3. Then, among the 3 beams, UE selects 2 beams to be reported based on L1-SINR. In the example, beam #3 and beam #2 are reported with L1-SINR (and L1-RSRP). With the combined method, NW can make a better beam selection decision among those reported beams, which have high quality for both L1-RSRP and L1-SINR. Hence, to sum up, the reported beams for separate reporting settings for L1-RSRP and L1-SINR could be totally difference, which cannot provide the accurate comparison among reported beams. The reported beams should consider both signal strength and interference condition to facilitate NW’s beam selection decision, as shown by evaluation results in Section 4.1. Hence, the combined method should be supported.
Table 4-1: An example of L1-RSRP and L1-SINR measurement results
	Beam index
	#1
	#2
	#3
	#4
	#5
	#6
	#7
	#8

	L1-RSRP (dBm)
	-85
	-90
	-95
	-100
	-105
	-110
	-115
	-120

	L1-SINR
(dB)
	10
	14
	15
	16
	18
	10
	7
	6



Proposal 4-3: 
· In NR Rel-16, UE can be configured to report the measured values of L1-RSRP only, L1-SINR only, or both L1-RSRP and L1-SINR for the reported beam(s).
· If UE is configured to report L1-SINR only, or both L1-RSRP and L1-SINR, UE selects the reported beams with following method:
· UE decides the M (M>= m) best candidate beams based on L1-RSRP first. Then among the M beams, UE selects the m beam(s) to be reported based on L1-SINR.
· Note: m is the number of beams UE is configured to report

There is a case NW configures multiple IMRs corresponding to multiple beams from other TRP/panel to obtain interference in case of different hypothesis. Figure 4-2 illustrates an example of the use case of multiple IMRs configurations. For example, TRP#1 has 4 beams (beam #1-1, #1-2, #1-3, #1-4) and TRP#2 has 4 beams (beam #2-1, #2-2, #2-3, #2-4). If UE#1 connecting to TRP 1 also reports to TRP 1 the lowest interference beam within beam #2-1, #2-2, #2-3, #2-4, TRP#2 can select the beam for other UEs which have lower interference to UE#1. In order to enable this, addition information can be reported together with L1-SINR. Following alternatives can be considered for such information reporting.
· Alt. 1: the IMR index 
· Alt. 2: an index indicating a combination of CMR and IMR. 
In Alt. 1, addition information reporting of IMR index for L1-SINR is needed. And whether to report such addition information can be configured by RRC. As illustrated in Figure 4-3, under the same signal/channel measurement resource CMR, L1-SINR can be different corresponds to 4 different IMRs.
[bookmark: _Hlk7079363]In Alt. 2, two sub-options can be considered. One way is to configure a combination index for association of CMR and IMR for reporting by RRC signalling. And the other way is to reuse CSI framework for L1-SINR reporting where an SSBRI/CRI implies a combination of CMR and IMR. In Rel-15 CSI framework, separate resource settings are configured for CMR and IMR, respectively, where each CSI-RS resource for channel measurement is resource-wise associated with a CSI-IM resource by the ordering of each resource in the corresponding resource sets. The number of CSI-RS resources for channel measurement equals to the number of CSI-IM resources. If more than one resources are configured in the resource set for channel measurement, the reported CRI k (k ≥ 0) corresponds to the configured (k+1)-th entry of associated nzp-CSI-RSResource in the corresponding nzp-CSI-RS-ResourceSet for channel measurement, and (k+1)-th entry of associated csi-IM-Resource in the corresponding csi-IM-ResourceSet (if configured). If CSI framework above is reused for L1-SINR reporting, similarly, the reported SSBRI/CRI corresponds to the same entry of CMR for channel measurement and IMR for interference measurement, which implies a combination index of CMR and IMR.
Therefore, either Alt. 1 or Alt. 2 can be used to indicate the interference hypothesis, which is useful for NW. 
Proposal 4-4: 
· If UE is configured to report L1-SINR only, or both L1-RSRP and L1-SINR, interference hypothesis can be explicitly or implicitly indicated by following method
· Alt. 1: reporting of IMR index, 
· Whether to be reported can be configured by RRC signalling
· Alt. 2: reporting of an index indicating a combination of CMR and IMR
· Alt. 2-1: RRC configures a combination index for association of CMR and IMR
· Alt. 2-2: Reuse CSI framework for L1-SINR reporting, where separate resource settings are configured for CMR and IMR and the reported SSBRI/CRI corresponds to the same entry of CMR for channel measurement and IMR for interference measurement by the ordering of each resource in the corresponding resource sets.
[image: ]
Figure 4-2. Benefit of reporting IMR in addition to L1-SINR.

[image: ]
Figure 4-3. L1-SINR can be different corresponds to 4 different IMRs under the same SMR.

5. Conclusion
In this contribution, we discussed the enhancements on multi-beam operation in Rel-16. Based on the discussion, we made following observations and proposals.
Low latency and overhead beam selection 
Proposal 2-1: 
· Confirm the working assumption in RAN1#98-bis, with the following updates.
· 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

Proposal 2-2: 
· The default spatial relation for dedicated-PUCCH/SRS in FR2 can be applied regardless of whether UE supports the beam correspondence or not.

Proposal 2-3: 
· If PUCCH resource is not configured within an active UL BWP of a cell, the spatial relation, if applicable, of the default spatial relation for dedicated-PUCCH/SRS for a CC introduced in Rel.16 is applied to PUSCH scheduled by DCI format 0_0 on the same CC.

Proposal 2-4: 
· If the spatial relation of SRS resources for usage = antennaSwitching are not configured and the SRS resources are across on multiple slots in FR2, the same default spatial relation is applied to the all SRS resources. 
· Default spatial relation of the first transmitted SRS resources with usage = antennaSwitching are applied to all remaining SRS resources with usage = antennaSwitching 

Proposal 2-5: 
· Inter-band CA in FR1 is supported for simultaneous update of TCI-state/spatial-relation across multiple CCs for PDCCH/PDSCH/SRS. 

Proposal 2-6: 
· Not introduce L1-RSRP based pathloss measurement
· Support Alt.3 (1st priority) or Alt.4 (2nd priority) of agreement of RAN1#98b
· Alt.3: Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.
· Note: Filtered RSRP value for previous pathloss RS will be used before the application time.
· Alt.4: Reuse higher layer filtered RSRP for pathloss measurement, with the same behavior with higher layer filtered RSRP as in Rel-15.
· Note: UE is expected to track all the RRC-configured candidate pathloss RSs.
· Note: The maximum configurable pathloss RSs by RRC is up to UE capability.

Beam failure recovery for SCell
Observation 3-1: 
· For UE applying the default spatial relation, there is no need to define QCL assumption for UL channel after BFR completion

Proposal 3-1: 
· If QCL assumption for UL channel after BFR completion is defined, the case UE applies the default spatial relation should be excluded

Proposal 3-2: 
· Existing multiplexing/dropping rule of SR is reused for that of SR-like dedicated PUCCH

Beam measurement and reporting of L1-SINR
Observation 4-1: 
· L1-SINR only based beam selection could not outperform L1-RSRP based beam selection.
· Combination of L1-RSRP and L1-SINR based beam selection could achieve better performance than L1-RSRP only based beam selection.

Proposal 4-1: 
· NR should consider combination of L1-RSRP and L1-RSRQ/L1-SINR measurement and reporting based beam selection method.

Proposal 4-2: 
· Define a UE capability parameter to indicate whether the UE supports L1-SINR measurement or not.
· Reuse Rel.15 UE capability of nzp-CSI-RS-IntefMgmt to indicates whether the UE supports interference measurements using NZP CSI-RS or not.
· If the parameter nzp-CSI-RS-IntefMgmt is also enabled, it means that NZP IMR is supported for L1-SINR measurement. Otherwise, only ZP IMR is supported for L1-SINR measurement.

Proposal 4-3: 
· In NR Rel-16, UE can be configured to report the measured values of L1-RSRP only, L1-SINR only, or both L1-RSRP and L1-SINR for the reported beam(s).
· If UE is configured to report L1-SINR only, or both L1-RSRP and L1-SINR, UE selects the reported beams with following method:
· UE decides the M (M>= m) best candidate beams based on L1-RSRP first. Then among the M beams, UE selects the m beam(s) to be reported based on L1-SINR.
· Note: m is the number of beams UE is configured to report

Proposal 4-4: 
· If UE is configured to report L1-SINR only, or both L1-RSRP and L1-SINR, interference hypothesis can be explicitly or implicitly indicated by following method
· Alt. 1: reporting of IMR index, 
· Whether to be reported can be configured by RRC signalling
· Alt. 2: reporting of an index indicating a combination of CMR and IMR
· Alt. 2-1: RRC configures a combination index for association of CMR and IMR
· Alt. 2-2: Reuse CSI framework for L1-SINR reporting, where separate resource settings are configured for CMR and IMR and the reported SSBRI/CRI corresponds to the same entry of CMR for channel measurement and IMR for interference measurement by the ordering of each resource in the corresponding resource sets.
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[1] 3GPP RAN1#98/98b, chairman notes, May 2019.

Appendix
The performance requirement of the beam correspondence [TS38.101-2]:
[bookmark: _Toc13085724]6.6.4	Beam correspondence for power class 3
[bookmark: _Toc13085725]6.6.4.1	General
The beam correspondence requirement for power class 3 UEs consists of three components: UE minimum peak EIRP (as defined in Clause 6.2.1.3), UE spherical coverage (as defined in Clause 6.2.1.3), and beam correspondence tolerance (as defined in Clause 6.6.4.2).  The beam correspondence requirement is fulfilled if the UE satisfies one of the following conditions, depending on the UE’s beam correspondence capability, as defined in TS 38.306 [14]:
-	If [bit-1], the UE shall meet the minimum peak EIRP requirement according to Table 6.2.1.3-1 and spherical coverage requirement according to Table 6.2.1.3-3 with its autonomously chosen UL beams and without uplink beam sweeping.  Such a UE is considered to have met the beam correspondence tolerance requirement.
-	If [bit-0], the UE shall meet the minimum peak EIRP requirement according to Table 6.2.1.3-1 and spherical coverage requirement according to Table 6.2.1.3-3 with uplink beam sweeping.  Such a UE shall meet the beam correspondence tolerance requirement defined in Clause 6.6.4.2 and shall support uplink beam management, as defined in TS 38.306 [14].
[bookmark: _Toc13085726]6.6.4.2	Beam correspondence tolerance for power class 3 
The beam correspondence tolerance requirement ∆EIRPBC for power class 3 UEs is defined based on a percentile of the distribution of ∆EIRPBC, defined as ∆EIRPBC = EIRP2 - EIRP1 over the link angles spanning a subset of the spherical coverage grid points, such that
-	EIRP1 is the total EIRP in dBm calculated based on the beam the UE chooses autonomously (corresponding beam) to transmit in the direction of the incoming DL signal, which is based on beam correspondence without relying on UL beam sweeping.
-	EIRP2 is the best total EIRP (beam yielding highest EIRP in a given direction) in dBm which is based on beam correspondence with relying on UL beam sweeping.
-	The link angles are the ones corresponding to the top Nth percentile  of the EIRP2 measurement over the whole sphere, where the value of N is according to the test point of EIRP spherical coverage requirement for power class 3, i.e. N = 50.
-	The side condition for SSB and CSI-RS are TBD.
For power class 3 UEs, the requirement is fulfilled if the UE’s corresponding UL beams satisfy the maximum limit in Table 6.6.4.2-1.
Table 6.6.4.2-1: UE beam correspondence tolerance for power class 3
	Operating band
	Max ∆EIRPBC at 85th %-tile ∆EIRPBC CDF (dB)

	n257
	[3.0]

	n258
	[3.0]

	n260
	[3.2]

	n261
	[3.0]

	NOTE:	The requirements in this table are verified only under normal temperature conditions as defined in Annex E.2.1





Table A-I: Evaluation assumptions for beam selection
	Parameters
	Values or assumptions

	Scenario
	Dense Urban Micro layer only

	Carrier Frequency
	30 GHz

	Mode
	TDD

	Bandwidth
	80MHz

	Subcarrier Spacing
	120kHz

	Channel Model
	UMi in TR 38.901

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.  

	ISD
	200m

	BS Tx power
	39dBm

	BF scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,2,2,2)(dH,dV) = (0.5, 0.5)λ (dg,H,dg,V) = (4.0, 2.0)λ

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree 

	UE Configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180; The polarization angles are 0 and 90

	UE array orientation
	ΩUT,a  uniformly distributed on [0,360] degree, ΩUT,b = 0 degree, ΩUT,g = 0 degree

	BS antenna pattern
	See Table A.2.1-6 in TR 38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	Inter-panel calibration for UE
	Ideal

	Scheduling algorithm
	PF

	BS antenna height
	10m

	UE antenna height
	Same as 3D-UMi in TR36.873

	UE antenna gain
	5dBi

	UE receiver noise figure
	10dB

	Criteria for selection for serving TRxP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered

	Criteria for analog beam selection for serving TRxP
	L1-RSRP only, L1-SINR only, L1-RSRP and L1-SINR

	Traffic model
	Full buffer/FTP model 1

	UE distribution
	80% indoor; 20% outdoor. 20 users per TRP 






Average Spectral efficiency (bit/s/Hz/TRP)
Average Spectral efficiency	L1-RSRP	L1-SINR	L1-RSRP and L1-SINR	4.7699999999999996	4.75	4.8600000000000003	


5% edge UE spectral efficiency  (bit/s/Hz)
5% edge UE spectral efficiency	L1-RSRP	L1-SINR	L1-RSRP and L1-SINR	1.4999999999999999E-2	1.4E-2	1.6E-2	


Average Spectral efficiency (bit/s/Hz/TRP)

Average Spectral efficiency	L1-RSRP	L1-SINR	L1-RSRP and L1-SINR	89.23	86.9	94.91	


5% edge UE spectral efficiency  (bit/s/Hz)

5% edge UE spectral efficiency	L1-RSRP	L1-SINR	L1-RSRP and L1-SINR	9.6	9.1999999999999993	9.6	


Average Spectral efficiency (bit/s/Hz/TRP)

Average Spectral efficiency	L1-RSRP	L1-SINR	L1-RSRP and L1-SINR	130.80000000000001	129.30000000000001	134.4	


5% edge UE spectral efficiency  (bit/s/Hz)

5% edge UE spectral efficiency	L1-RSRP	L1-SINR	L1-RSRP and L1-SINR	7	6.9	7.5	
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