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Introduction
Rel-16 MIMO work item aims to specify the enhancements identified for NR MIMO, including enhancements on multi-beam operation, primarily targeting FR2 operation. The detailed objectives are as follows [1].
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify beam failure recovery for SCell with DL/UL as well as DL-only, where PCell can be operating in FR1 as well as FR2 
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
Refer to [2] for the relevant agreements in the last meeting.
In this paper, we discuss the remaining issues for multi-beams related issues, including latency/overhead reduction, beam management with L1-SINR and SCell BFR. The remaining part of this paper is structured as follows. Section 2 is on latency/overhead reduction, Section 3 is on L1-SINR and Section 4 is on SCell BFR. 

Latency/overhead reduction
PUCCH resource grouping
To enable the feature of simultaneous update/indication of a single spatial relation per group of PUCCH resources by using MAC CE, explicit higher layer signalling on PUCCH resource grouping is supported and up to 4 groups can be configured per BWP. Without any further restriction, the grouping can be up to network implementation. Meanwhile, for M-DCI NCJT transmission, each PUCCH resource may be associated with a TRP, e.g., via a value of higher layer index (i.e., CORESETPoolIndex) per CORESET. It would be a confusing configuration from UE perspective if PUCCH resources in the same group for simultaneous spatial relation update are associated with different TRPs, since in FR2 UE generally needs to point to different TRPs with different Tx beams. The simplest solution, considering it is still pre-mature to support M-TRP in FR2 UL, is not to support the feature of simultaneous update in Rel-16 if M-TRP mode is configured. Alternatively, additional restriction can be introduced, for example, PUCCH resources in one PUCCH resource group should not be associated with different TRPs. With this restriction, low-overhead signaling for spatial relation update of multiple PUCCH resources can still be achieved in M-TRP scenario.
Therefore, we have the following proposal.
Proposal 1: PUCCH resources in the same PUCCH resource group should be associated with the same CORESETPoolIndex.
A default spatial relation for SRS
For a CC in FR2, in case when CORESET(s) are configured on the CC, or when any CORESETs are not configured on the CC but TCI state(s) have been activated, UE behavior to determine spatial relation for dedicated PUCCH/SRS is defined, and UE could use the default TCI state or QCL assumption of PDSCH to determine its spatial domain transmission filter for PUCCH/SRS.
What remains undefined is UE behaviour for SRS transmission in the absence of the activated TCI and no CORESET is configured on the CC. Considering that PCell is always configured with CORESET(s), UE could always refer to spatial domain filter used for the reception of PDCCH on PCell. To be more specific, default spatial relation for SRS on a FR2 SCell can be determined by quasi co-location assumption of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP on PCell are monitored by the UE.
Therefore, we have the following proposal.
Proposal 2: For a CC in FR2, if no CORESET is configured and no TCI-state is activated, the default spatial relation for SRS is determined by QCL assumption of the CORESET with the lowest ID in the most recent monitored downlink slot within the active BWP on PCell.
TCI state/spatial relation update across CCs/BWPs
Simultaneous TCI state/spatial relation activation across multiple CCs/BWPs is supported at least for the same band, and up to 2 lists of non-overlapping CCs can be configured. Whether CCs in a list can be on different frequency band, i.e., whether to support inter-band CA for this feature needs further discussions and decisions. As pointed out in our contribution R1-1903974, two CCs with a large frequency separation (e.g., 500MHz) may not share the best beam pair, especially in NLOS channel condition, therefore support of inter-band CA for this feature by default is at risk. To address this issue, UE could suggest the list of CCs that the same set of TCI state IDs or spatial relations can apply, for example, based on UE capability and/or latest measurements. Only when some feedback from UE is available at network side, the configuration of inter-band CC lists can work without harming the system performance. 
Therefore, we have the following proposal.
Proposal 3: Support configuring inter-band CC lists for the feature of simultaneous TCI state ID or spatial relation activation based on UE feedback. 

L1-SINR report
WA on NZP+ZP IMR based interference measurement
[bookmark: OLE_LINK72]The discussions on L1-SINR based beam selection in Rel-16 are mainly for performance enhancement by exploiting the interference awareness especially for the intra-cell beam-based multi-user transmissions. There are 3 types of interference measurement, namely NZP IMR based interference measurement, ZP IMR based interference measurement and NZP+ZP IMR based interference measurement. Note that NZP IMR in this paper refers to NZP CSI-RS, while ZP IMR refers to CSI-IM. As discussed in our contribution R1-1906030, ZP IMR based interference measurement is not proper for L1-SINR based beam management due to the overhead issue and measurement accuracy issue. On the other hand, NZP IMR based interference measurement and NZP+ZP IMR based interference measurement are more beneficial for interference measurement by emulating the interference from different beams. In RAN1#97 meeting, both NZP IMR only and ZP IMR only configurations were agreed, and the NZP+ZP IMR based interference measurement was agreed as a working assumption.
As using NZP IMR can easily emulate the interfering beams, NZP IMR is a proper choice for inter-beam interference measurement or inter-cell interference measurement (with planning or coordination). In the case where the inter-cell interference is less-dominant and without inter-cell planning or coordination, the inter-cell interference can be treated as averaged noise, which can be evaluated on the ZP IMR. Meanwhile, the inter-beam interference within a cell can be measured accurately by emulations using NZP IMR. So, in such a case, NZP IMR for inter-beam interference measurement within a cell and ZP IMR for inter-cell interference measurement should be supported.
One concern on supporting NZP+ZP IMR raised in previous meeting is the overhead. Please note that the number of ZP IMR in this case has already been restricted to only one in the working assumption. ZP IMR only interference measurement would introduce much higher overhead, due to the fact that ZP IMR pattern is not aligned with channel measurement RS and different beams cannot be distinguished from the same ZP IMR (for ZP IMR, UE measures the received total interference power only). So, the overhead should not be an issue for NZP+ZP IMR based interference measurement.
In addition, RAN1 agreements from RAN1#97 and later (RAN1#98 and RAN1#98bis) on L1-SINR report with dedicated NZP IMR only can be directly reused for the configuration of NZP+ZP IMR, which includes at least the following:
· CSI-RS only with density 3 REs/RB for 1-port CSI-RS is used as NZP IMR
· CMR and NZP IMR are 1-to-1 mapped
· 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’
[bookmark: OLE_LINK77]Proposal 4: The working assumption on NZP+ZP IMR based interference measurement in L1-SINR measurement should be confirmed, with the following additional details:
· Only 1-port CSI-RS with density of 3 REs/RB is used as NZP IMR
· CMR and NZP IMR are 1-to-1 mapped
· 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’

QCL assumption
In the last meeting, it was agreed that CMRs and NZP IMRs are 1-to-1 mapped. The associated CMR and NZP IMR configured for one L1-SINR reporting are QCLed with respect to ‘QCL-TypeD’. One open issue is whether QCL-typeD of the NZP IMR (i.e., a NZP CSI-RS resource) can be configured. To address the FFS point, the following two cases should be considered. 
· Case#1: A NZP CSI-RS resource (say, RS#2) is only configured in an IMR set for L1-SINR report, and its associated CMR is RS#1, which is configured with TCI state (QCL assumption).
· Case#2: A NZP CSI-RS resource (say, RS#2) is configured in an IMR set for L1-SINR report (say, report#1), and its associated CMR is RS#1, which is configured with TCI state. In addition, RS#2 is also configured in a CMR set for another CSI report (say, report#2).
In the first case, it is not necessary to configure QCL-TypeD for RS#2, as a UE should be able to estimate interference using QCL assumption for the reception of the associated CMR for L1-SINR reporting. However, one clear drawback is the BM RS overhead and configuration signaling overhead may be doubled.
In the second case, for report#1, QCL-typeD indication for RS#2 is still not needed, as mentioned above. However, for report#2, UE does need some information to guide receive beamforming. For example, the specs could provide additional support by specifying that QCL assumption of RS#1 configured in report#1 can be used for measurement of RS#2 when it is used for report#2. Alternatively, based on existing framework, QCL-typeD indication for RS#2 is needed and NW should make sure that it is always aligned with QCL assumption of RS#2 for report#1.
Therefore, we have the following observation.
Observation 1: To address the FFS point that whether QCL-TypeD can be configured to each NZP IMR, RAN1 should clarify first whether one NZP CSI-RS resource ID can be configured in a CMR set for one CSI report and in a IMR set for another CSI report concurrently. 
Group based L1-SINR reporting
In the previous meeting, it was agreed that group-based L1-SINR reporting is supported. If dedicated IMR is not configured, interference is measured on CMR, otherwise, interference is measured based on associated IMR. In Rel-15, 2 CRIs and corresponding L1-RSRPs can be reported for group-based beam reporting, where the 2 CSI-RS resources can be received simultaneously by the UE. Then, the 2 CSI-RS resources can be used for multi-TRP/panel transmission. As there is mutual interference between multiple TRP/panel, the interference between the 2 CMRs should be considered for L1-SINR calculation. However, which 2 CMRs can be received simultaneously by UE is unknown when gNB configures IMR set for L1-SINR reporting. In such a case, the other CMR received simultaneously can be assumed as IMR, for the UE to calculate the L1-SINR for one CMR. Therefore, RAN1 specs (e.g., TS38.214) could provide additional support for group-based L1-SINR reporting, by defining that when calculating L1-SINR of one reported CMR, the interference can be measured on the other CMR reported as well as on the IMR (if configured) associated with the CMR.
Proposal 5: For group-based L1-SINR reporting, after deciding the two CMRs to report, when calculating L1-SINR of one CMR, the other CMR that is simultaneously receivable is assumed as IMR.
Repetition configuration
In Rel-15, when ‘cri-rsrp’ is configured, if the corresponding CSI-RS resource set is configured with repetition ‘on’, the UE shall assume that all the CSI-RS resources in the CSI-RS resource set are transmitted by the same Tx beam, CRI(s) shall not be reported, while L1-RSRP is still reported. 
In Rel-16, when ‘cri-sinr’ is configured, similar scheme can also be supported, i.e., not to report CRI(s) in certain cases to save reporting overhead. In addition, when a dedicated IMR set is configured for interference measurement, the repetition configuration of IMR set should be also considered. Therefore, when CMR set is configured with repetition ‘on’, three possible configurations are:
· Case#1: The dedicated IMR set is configured with repetition ‘on’;
· Case#2: The dedicated IMR set is configured with repetition ‘off’;
· Case#3: The dedicated IMR set is not configured with repetition parameter.
For the first case, UE could assume that gNB transmits all CMRs with beam#A and all IMRs with beam#B, and UE could adjust its Rx parameters to find the best one(s). Reporting CRI is not needed as the selected Rx beam is up to UE implementation and gNB already has the information about its Tx beams. 
For the second and third case, UE could not assume gNB transmits all IMRs with the same Tx beam, therefore, CRI(s) should be reported to gNB, otherwise, gNB will be able to understand which is the corresponding Tx beam pair (CMR-IMR pair) for the reported L1-SINR(s).
According to above discussion, we have the following proposal.
Proposal 6: For L1-SINR report, when CMR set is configured with repetition ‘on’, if the dedicated IMR set is configured with repetition ‘on’, UE does not report CRI, if the dedicated IMR set is configured with repetition ‘off’ or not configured with repetition parameter, CRI(s) is reported along with L1-SINR. 
CPU occupancy and values for Z/Z’ for L1-SINR
CSI calculation consumes computation and memory resources. In Rel-15, CPU occupancy rules and Z/Z’ latency values were specified for CSI/L1-RSRP to avoid exceeding UE processing capability. As agreed in email discussions [98b-NR-23], for L1-SINR report, CPU occupancy rule of L1-RSRP report is to be reused, i.e., Ocpu = 1. The remaining issues on the UE CSI calculation include at least the maximum supported number of resources and UE CSI computation delay Z/Z’.
Regarding the number of resources, it is clear in Rel-15 that within a slot, the UE should not be configured with active CSI-RS ports or resources more than reported capability parameters. For L1-RSRP report, the corresponding UE capability is defined as beamManagementSSB-CSI-RS in TS 38.306. In Rel-16, considering the possibility of configuring both L1-RSRP and L1-SINR reporting within a slot, we suggest to add a separate UE capability on the maximum number of SSB/CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs to measure L1-RSRP/L1-SINR (sum of CMR/IMR) within a slot, with candidate values of {0, 2, 4, 8, 16, 32, 64}.  
Proposal 7: Introduce a separate UE capability on the maximum number of SSB/CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs to measure L1-RSRP/L1-SINR (sum of CMR/IMR) within a slot, with candidate values of {0, 2, 4, 8, 16, 32, 64}.
For CSI computation time Z/Z’, considering that the derivation of L1-SINR is more complicated than that of L1-RSRP, due to additional efforts on channel estimation, interference measurement and noise estimation, Z/Z’ values larger than those for L1-RSRP report (i.e., Z3 and Z3’) are needed, say Z4 and Z4’. 
With the CPU occupancy rule of Ocpu = 1 for a L1-SINR report (same as L1-RSRP), given that the UE processing of L1-SINR is about twice of that for L1-RSRP (i.e., channel/interference estimation versus power estimation), we propose to use Z4 = 2*Z3 and Z4’ = 2*Z3’.
Therefore, we have the following proposal.
Proposal 8: For L1-SINR report, support Z4 = 2*Z3 and Z4’ = 2*Z3’.
 
Beam failure recovery for SCell
Priority between PUCCH-BFR and HARQ-ACK
It is still a remaining issue on collision handling between PUCCH-BFR based on PUCCH format 0 and HARQ-ACK based on PUCCH format 1. As PUCCH-BFR is transmitted when the SCell is declared as ‘failed’, it is a much more urgent issue to be addressed, compared with the confirmation of successful detection of one PDSCH. Therefore, when PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1, PUCCH-BFR based on PUCCH format 0 should be transmitted.
Proposal 9: For SCell BFR, when PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1, only PUCCH-BFR based on PUCCH format 0 is transmitted.
PUCCH resource configuration for SCell BFR
To configure PUCCH resource for SCell BFR, it appears as a typical implementation that a dedicated PUCCH resource is configured in PCell/PSCell to indicate beam failure event on Scell(s). However, to allow for more flexible resource configuration, PUCCH-BFR configured in PUCCH-SCell is also discussed in the last meeting, and a working assumption was achieved [2]. Considering that it is only a complementary configuration as PUCCH resource on PCell/PSCell is a more reasonable choice, if this working assumption is confirmed, we prefer a low overhead and low UE complexity solution, for example, Alt-1b, where up to 1 PUCCH-BFR resource can be configured per PUCCH group and it is shared among the CCs belonging to this PUCCH group. 
Observation 2: There is no strong necessity to configure PUCCH-BFR in PUCCH-SCell. If such configuration is supported, Alt-1b (up to 1 PUCCH-BFR resource shared by one PUCCH group) is preferred for low overhead/complexity.
Beam failure recovery MAC CE transmission
In RAN1#98 meetings, RAN1 sent a reply LS R1-1909833 to RAN2 to clarify that there is no restriction on MAC CE transmission for BFR, and if a UE has already received an UL grant, it does not need to transmit PUCCH BFR to request new PUSCH, instead, it will transmit MAC CE BFR on the PUSCH that is already scheduled. However, if the UL grant scheduled a PUSCH transmission on a failed SCell, MAC CE BFR transmission likely will not succeed. In such cases, the failed SCell will not be recovered. To address this case, a timer after MAC CE BFR transmission may be introduced. As shown in Figure 1, the timer starts upon transmission of MAC CE BFR and stops upon BFRR is received. If the timer expires, it implies the MAC CE BFR transmission has not successfully reached the gNB and UE can transmit PUCCH BFR to request a new PUSCH for MAC CE BFR retransmission. With such a timer, the overall latency of SCell BFRQ transmission can be controlled and the reliability is also improved. Given that similar timer for Rel-15 PCell/PSCell BFR was designed by RAN1, to minimize the efforts and also exploit the relevant expertise in RAN1, it is also better to discuss similar functionality for Rel-16 SCell BFR in RAN1.
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Figure 1. Timer for BFR MAC CE
Based on the discussions above, we have the following proposal:
Proposal 10: A timer starting from the (re)transmission of MAC CE BFR should be introduced to avoid large recovery latency.

Summary of proposals
The observations and proposals of this paper are summarized as follows. 
Latency/overhead reduction
[bookmark: _GoBack]Proposal 1: PUCCH resources in the same PUCCH resource group should be associated with the same CORESETPoolIndex.
Proposal 2: For a CC in FR2, if no CORESET is configured and no TCI-state is activated, the default spatial relation for SRS is determined by QCL assumption of the CORESET with the lowest ID in the most recent monitored downlink slot within the active BWP on PCell.
Proposal 3: Support configuring inter-band CC lists for the feature of simultaneous TCI state ID or spatial relation activation based on UE feedback. 
L1-SINR report
Observation 1: To address the FFS point that whether QCL-TypeD can be configured to each NZP IMR, RAN1 should clarify first whether one NZP CSI-RS resource ID can be configured in a CMR set for one CSI report and in a IMR set for another CSI report concurrently. 
Proposal 4: The working assumption on NZP+ZP IMR based interference measurement in L1-SINR measurement should be confirmed, with the following additional details:
· Only 1-port CSI-RS with density of 3 REs/RB is used as NZP IMR
· CMR and NZP IMR are 1-to-1 mapped
· 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’
Proposal 5: For group-based L1-SINR reporting, after deciding the two CMRs to report, when calculating L1-SINR of one CMR, the other CMR that is simultaneously receivable is assumed as IMR.
Proposal 6: For L1-SINR report, when CMR set is configured with repetition ‘on’, if the dedicated IMR set is configured with repetition ‘on’, UE does not report CRI, if the dedicated IMR set is configured with repetition ‘off’ or not configured with repetition parameter, CRI(s) is reported along with L1-SINR. 
Proposal 7: Introduce a separate UE capability on the maximum number of SSB/CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs to measure L1-RSRP/L1-SINR (sum of CMR/IMR) within a slot, with candidate values of {0, 2, 4, 8, 16, 32, 64}.
Proposal 8: For L1-SINR report, support Z4 = 2*Z3 and Z4’ = 2*Z3’.
Beam failure recovery for SCell
Observation 2: There is no strong necessity to configure PUCCH-BFR in PUCCH-SCell. If such configuration is supported, Alt-1b (up to 1 PUCCH-BFR resource shared by one PUCCH group) is preferred for low overhead/complexity.
Proposal 9: For SCell BFR, when PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1, only PUCCH-BFR based on PUCCH format 0 is transmitted.
Proposal 10: A timer starting from the (re)transmission of MAC CE BFR should be introduced to avoid large recovery latency.

References
[bookmark: _Ref503361205][bookmark: _Ref525895623][bookmark: _Ref528050952][bookmark: _Ref525895749]RP-192271, “Revised WID: Enhancements on MIMO for NR”, Newport Beach, USA, September 16-20, 2019
[bookmark: _Ref532927611][bookmark: _Ref536771429][bookmark: _Ref533776465][bookmark: _Ref528969940][bookmark: _Ref533776930][bookmark: _Ref1048151]3GPP, “RAN1 Chairman’s Notes”, Chongqing, China, October 14-20, 2019
3GPP, R1-1911587, “Reply LS on MAC CE design for SCell BFR”, Chongqing, China, October 14-20, 2019
3GPP, R1-1911616, “LS on applicable timing for pathloss RS activated/updated by MAC-CE”, Chongqing, China, October 14-20, 2019
3GPP, R1-1911617, “LS on simultaneous TCI state activation and spatial relation update across multiple CCs/BWPs by MAC-CE”, Chongqing, China, October 14-20, 2019
3GPP, R1-1911619, “LS on SCell BFR”, Chongqing, China, October 14-20, 2019
Huawei, HiSilicon, R1-1906030, “Enhancements on multi-beam operation”, Reno, USA, May 13-17, 2019
[bookmark: _Hlk526726552]Huawei, HiSilicon, R1-1903974, “UL/DL BM for latency/overhead reduction”, Xi’an, China, April 8-12, 2019
3GPP, R1-1909833, “Reply LS on MAC CE design for SCell BFR”, Prague, Czech Republic, August 26-30, 2019
image1.png
gNB

UL grant & & .mdgen:d

BFR MAC CE BFR MACCE BFR PUCCH

i
I
I
I
I
!

UE




