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Introduction
Enhancement to multi-beam operation is a key part of the Release 16 WI on MIMO enhancement [1]. This topic was first discussed in the RAN1#94bis meeting in Chengdu [2]. The following conclusions were made:
For next meeting:
Companies are encouraged to evaluate and study further mechanism(s) to support multiple UL Tx panel/beam indication for PUSCH
· FFS on how to support the indication, e.g., by multiple SRI fields, an extension of the existing SRI field, an indication of selected panel(s), single SRS resource transmitted associated with multiple panels etc.
· FFS on relation to TPMI/TRI fields, PC/TA mechanisms
· Companies to consider specification implications of multiple UL Tx panel/beam support

Agreement
· L1-SINR is supported. L1-RSRQ is not supported.
· Companies to study and provide definition of L1-SINR
· Study the reporting content, e.g.
· Whether CRI/SSBRI is reported
· Whether differential group/non-group reporting is applied
· Whether L1-RSRP is reported
· Study the interference measurement mechanism

In this contribution we provide our views on multi-beam management and beam failure recovery for Scell in this contribution. 
Beam indication and QCL 
Multiple beam indication, or multiple TCI states and QCL relationships, are required for multi-beam operation. In the light that multiple beams are closely related to multiple TRPs/panels on the network side and multiple panels on the UE side, the fundamental constrain that a panel can transmit or receive only with 1 beam at a time still holds. From a panel point of view, the beam indication scheme defined in Release 15 can still be used. When multiple TRPs or multiple panels are involved in simultaneous transmission, such as a PDSCH transmitted from 2 TRPs as in NC-JT, two TCI states will be required in the DCI format 1_1. Similarly, for PUSCH transmitted from 2 UE panels, 2 SRI fields, one for each panel, will be required in DCI format 0_1 for codebook or non-codebook based PUSCH transmission. Because the channels with 2 separate TRPs or panels are uncorrelated, any joint TCI or SRI indication scheme will produce little gain. We propose to use the Release 15 beam indication scheme as baseline and extend it to support multiple beam operations with multiple TCI states or SRI fields when necessary. 
Proposal 1: Extend the Release 15 beam indication scheme with multiple TCI states or SRI fields for multi-beam operations. 
Similarly, the QCL relationships between SSB, CSI-RS, DMRS and PTRS are similar to that of single panel operation from a panel point of view. This allows us to reuse the Release 15 QCL relation panel-wise, and concatenate such relationship if necessary. There is no need to define new QCL relationships for multi-beam operation.
Proposal 2: Reuse the QCL relationship defined in Release 15.
Beam management using L1-SINR
Given RAN1 has decided to support using L1-SINR, we discuss the potential usage of L1-SINR for beam management. According to [3], the CSI-SINR is defined as:
CSI signal-to-noise and interference ratio (CSI-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying CSI reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying CSI reference signals reference signals within the same frequency bandwidth. 

CSI-SINR is only measured in the REs occupied by the CSI-RS resource. This excludes interference caused by the CSI-RS or NZP-CSI-IM configured transmitted in the other REs. This limits the interference measurement to background interference from the rest of the network, not particular NZP-CSI-IM configured for the UE. Assuming the background interference is frequency non-selective, L1-SINR is simply L1-RSRP offset by a noise and interference value (in dB). If it is used in the place of L1-RSRP in beam reporting, it does not change the reported beams or their orders. The benefit of knowing L1-SINR instead of L1-RSRP is to give gNB a better understanding of the quality of the beam by derive the theoretical BLER for PDCCH from L1-SINR. Therefore we propose to include L1-SINR of CSI-RS or SSB in beam measurement report.
Proposal 3: Include L1-SINR in the CSI beam measurement report.
L1-SINR can be reported to gNB in a similar manner to L1-SINR. L1-SINR can be used in both group and non-group based beam reporting. It can be applied to both CSI-RS and SSB, and CRI and SSB index can be included as part of the beam report. If differential reporting is used, the same differential reporting of L1-RSRP can be used without any change. This is because for two beams, the difference in L1-SINR is the same as the difference in L1-RSRP (in dB). 

Proposal 4: If differential reporting is supported for L1-SINR, reuse the differential reporting scheme for L1-RSRP in R15.  
Interference measurement in beam management
Since beams in different panels or TRPs can be transmitted simultaneously, the gNB with multi-panels/TRPs can transmit multiple beams to serve multiple UEs simultaneously, with one beam transmitted for one UE as shown in Fig 1. It can be considered a multi-user scheduling case. Multi-user interference should be considered carefully and be controlled at a low level by the scheduler to get the benefit of MU transmission. In the NR R15 DL MU transmission from a single TRP, a single analog beam is used to serve a single or multiple UEs. In Figure 1, different beams are transmitted from multiple TRPs for different UEs. Therefore the MU interference can be reduced by selecting the proper beams with low inter-beam interference transmitted for the multiple UEs in the gNB sides. According to the analysis above, the information of inter-beam interference will be very helpful to the gNB when scheduling multiple UEs transmitted with multiple beams simultaneously. Therefore, we propose that to support interference measurement in beam management in R16.
Proposal 5: Support interference measurement in beam management in NR R16.   


Figure 1. Multiple UEs served by multiple beams from multiple TRPs simultaneously.
Before the gNB scheduling multiple UEs with multiple beams, a UE can select a serving beam and report to the gNB using the L1-RSRP beam report in NR R15. For example, TX beam 3 and TX beam 6 are the serving beams of UE 1 and UE 2 respectively in Fig 1 after L1-RSRP reporting in beam management procedure. Since a CSI-RS/SSB resource can represent a TX beam in DL in NR R15, CSI-RS/SSB resource 1-8 is used to represent TX beam1-8 respectively in Fig 1. 
Considering that there is a CSI-IM resource set or a NZP CSI-RS resource set for interference measurement configured for the CSI acquisition procedure, a similar configuration can be applied for beam interference measurement. It is known that the TX beams transmitted by a same panels can’t be transmitted simultaneously. For UE1 in Figure 1 served by TX beam from TRP1,  the interference beam can’t be TX beam 1, 2 and 4 from TRP1, but can only be TX beam 5-8 from TRP2. Therefore, a CSI-RS/SSB resource set composed of CSI-RS/SSB resource 4-8 can be configured for UE 1 for beam interference management where the RX beam at UE1 should be the same RX beam (RX beam 1) corresponding to its serving beam (TX beam 3). Once the CSI-RS/SSB resource set for beam interference measurement is configured, UE can use the RX beam corresponding to the serving beam to receive all the CSI-RS/SSB resources in the set and report N CSI-RS/SSB resources with the lowest interference power. The interference power of beams can be measured as Interference RSRP (I-RSRP), which is the power of the interfering NZP-CSI-IM or SSB received by the UE with the spatial receiving filter of its serving beam. With the feedback of beam interference from UEs, the gNB obtains the inter-beam interference information and can make scheduling decision for multiple UEs  (UEs pairing) accordingly. 
Table 1. CSI-RS/SSB resource set for beam interference measurement and beam interference feedback.
	
	serving beam
	CSI-RS/SSB resource set for beam interference measurement
	Beam interference feedback (N=2)
(CSI-RS/SSB resource index and I-RSRP)

	UE 1
	CSI-RS/SSB resource  3 
	CSI-RS/SSB resource 5, 6,7,8
	CSI-RS/SSB resource 6, 8

	UE 2
	CSI-RS/SSB resource  6 
	CSI-RS/SSB resource 1, 2,3,4
	CSI-RS/SSB resource 1, 3


 
Taking the case in Figure 1 as an example. Table 1 shows the CSI-RS/SSB resource set for beam interference measurement and beam interference feedback. Since the CSI-RS/SSB resource 6 has a low interference to CSI-RS/SSB resource 3 according to the beam interference feedback of UE 1, and the CSI-RS/SSB resource 3 has a low interference to CSIR-RS/SSB resource 6 according to the beam interference feedback of UE 2, the gNB can schedule concurrent DL transmission to UE 1 and UE 2, using CSI-RS/SSB resource 3 and 6 to transmit to UE1 and and UE2 respectively to achieve low cross beam interference.
According to the analysis above, we proposal the following:
Proposal 6: A CSI-RS/SSB resource set for beam interference measurement can be configured for a UE and the same spatial receiving filter of the serving beam can be used for this resource set.
Proposal 7: Define Interference-RSRP (I-RSRP) for SSB and CSI-RS as the received power of the interfering RS received with the spatial receiving filter of the serving beam. 
Proposal 8: UE reports N CSI-RS/SSB resource(s) out of the configured CSI-RS/SSB resource set for beam interference measurement with the lowest I-RSRP gNB for interference aware scheduling.

Beam failure recovery for Scell 
For beam failure recovery, in Release 15 the network configures for a UE a set  of periodic CSI-RS resources for beam failure detection to the Pcell or PScell, and a set  of CSI-RS resources or SSBs for candidate beam monitoring and identification, and a set of contention-free PRACH resources for requesting beam failure recovery. Each PRACH resource corresponds to a candidate beam in . The UE transmits using the PRACH resource corresponding to a new candidate beam in  it identifies after all the beams in  have failed. 
For beam failure recovery in Scell, the UE can be configured with a set of a set  and a set of , similar to the Pcell. What is different is that for intra-band CA, the  can be in another carrier. The UE can monitor the quality of the beams in  using the same criterion (BLER) as the Pcell. No spec change is required for this part. Currently there is no RACH resource defined for Scell, so UE cannot send PRACH to Scell to indicate beam failure and indicate new candidate beam. This will not be necessary either. While the serving beams from Scell fail, it is likely the beams from the Pcell to the UE are still in good condition, so the connection from the UE to the network is not lost with the Scell. The UE can send a MAC-CE message to the Pcell to indicate the beam failure and the new candidate beam for the Scell. The response to the beam failure recovery request can be sent to the UE from the Pcell, and the UE can switch in the Scell to the new beam confirmed in the response after K symbols. This MAC-CE based beam failure recovery mechanism will also have shorter delay and high reliability than RACH-based beam failure recovery scheme. This is because if CBRA-based BFR is used, the UE will have to go through contention with other UEs and possibly subsequent backoff, so the reliability of beam recovery in time suffers. If CFRA resource is configured at the Pcell for the Scell, a large number of RACH resources have to be allocated, especially when there are multiple Scells for the same Pcell. This leads to both waste of resources and large delay due to the large number of CFRA resources. MAC-CE based recovery works for different types of Scell, since it does not require the Scell to have a UL. So it can be applied to Scell with DL and UL, as well as DL only. 
Proposal 9: Support MAC-CE based beam failure recovery mechanism for Scell.

Conclusion
In this contribution, we discussed beam management and beam failure recovery issues for multi-TRP/multi-panel MIMO enhancement in R16. Our proposals are summarized as below: 
Proposal 1: Extend the Release 15 beam indication scheme with multiple TCI states or SRI fields for multi-beam operations. 
Proposal 2: Reuse the QCL relationship defined in Release 15.
Proposal 3: Include L1-SINR in the CSI beam measurement report.
Proposal 4: If differential reporting is supported for L1-SINR, reuse the differential reporting scheme for L1-RSRP in R15.  
Proposal 5: Support interference measurement in beam management in NR R16.   
Proposal 6: A CSI-RS/SSB resource set for beam interference measurement can be configured for a UE and the same spatial receiving filter of the serving beam can be used for this resource set.
Proposal 7: Define Interference-RSRP (I-RSRP) for SSB and CSI-RS as the received power of the interfering RS received with the spatial receiving filter of the serving beam. 
Proposal 8: UE reports N CSI-RS/SSB resource(s) out of the configured CSI-RS/SSB resource set for beam interference measurement with the lowest I-RSRP gNB for interference aware scheduling.
Proposal 9: Support MAC-CE based beam failure recovery mechanism for Scell.
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