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Introduction
In RAN#80 meeting, one new WID for enhancement of NR-MIMO has been endorsed for Rel-16. In this WID [1], the objective of enhancing multi-beam operation has been listed as follows:
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· 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 UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
In this contribution, some potential enhancements on multi-beam operation including multi-panel/TRP based beam measurement and group based beam reporting are discussed for NR Rel-16.   
Beam management for multi-panel/TRP case

NR R15 MIMO supports multi-panel transmission in the DL with type 1 multi-panel codebook. The underlying assumption is that these multiple panels are actually subarrays of a larger, coherent antenna array, and in FR2 a single TX beam or RX beam is applied to all the subarrays. From beam management point of view, this is no difference than a single (but larger) antenna panel. The new case arises with the multi-panel transmission in R16 MIMO is that different panels are independently controlled even at the same TRP or UE. In other words, each panel deploys its own TX or RX beams. Under this new scenario, beam management becomes per panel with possible cross panel or cross-beam interference.  

When multiple TRPs or panels transmit in the DL simultaneously, the UE receive from multiple beams, including intended signals and unintended interferences simultaneously. This impacts beam measurement and feedback, beam indication, CSI-RS resource configuration and CSI feedback. Unlike the single TRP case, where only 1 beam can be transmitted at any given time, multiple beams are transmitted concurrently from multiple TRPs or even a single TRP with multiple panels. For instance, Tx beams generated from one Tx panel/TRP cannot be transmitted simultaneously, while Tx beams generated from different Tx panel/TRP can be transmitted simultaneously. Since the beams in different panels or TRPs can be transmitted simultaneously, the gNB with multi-panels/TRPs can serveone or multiple UEs simultaneously using multiple beams in multi-panels/TRPs which can be described as the two following cases. 
· Case1: multiple TRPs serving a single UE as shown in Fig1. This is actually a joint transmission (JT) case. It can be seen in Fig 1 the TX beams in different TPRs can be transmitted simultaneously, meanwhile a single RX beam for a single panel UE, or multiple RX beams for a multi-panel UE, are used to receive the joint transmission. For the single-panel UE case, because the two DL serving beams are not QCL, the UE needs to decide which RX beam to use based on the measurement and its implementation (Figure 1). For the multi-panel UE case, different RX beams can be used to receive from different TRPs (Figure 2). In NR R15 group based beam reporting is supported where a UE can reports the beams which can be received simultaneously. However, the group based beam reporting in NR R15 has no provision to tell a UE whether the reported beams can be transmitted simultaneously or not. The information on simultaneous transmission capability from gNB should be informed to the UE in order to support the transmission scheme. Therefore, the group based beam reporting should be enhanced in NR R16.


[bookmark: _Ref525814149]Figure 1. A single panel UE served by multiple TRPs.




[bookmark: _Ref525814342]Figure 2. A dual-panel UE served by multiple TRPs.

	TS38.214：   5.2.1.4.2	Report Quantity Configurations
If the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', the UE is not required to update measurements for more than 64 [CSI-RS and or SSB] resources, and the UE shall report in a single reporting instance two different [CRI or SSBRI] for each report setting, where [CSI-RS and or SSB] resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters.


 
· Case 2: multiple beams transmitting separately to multiple UEs simultaneously as shown in Figure 3. It is coordinated scheduled transmission from multi-TRP to multi UE transmission. Each TRP is transmitting to a UE at its cell edge with one of its DL TX beams. When a UE has only a single antenna panel, after selecting an appropriate RX beam for reception, it can only reduce the cross interference in the digital domain. This makes it important to conduct beam measurement and beam selection, not only to select a strong beam, but with cross beam interference in check. Based on the analysis, the multiple beam interference should be considered during beam selection and scheduling where different UEs are served by different beams simultaneously.  



[bookmark: _Ref525814371]Figure 3. Two single panel UEs served by two TRPs.
Proposal 1: The group based beam reporting should be enhanced in NR R16. 
Proposal 2: Multiple beam interference should be considered during beam selection and scheduling for multiple UEs with each UE serving by different beams simultaneously.
Beam failure recovery for multi-TRP/panel 
For beam failure recovery, in Release 15 the network configures for a UE a set  of periodic CSI-RS resources for beam failure detection, 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. This is based on the fact that a UE is transmitted by only a single TRP in a bandwidth part of a carrier. When there are multiple TRPs that can transmit to the UE, these definitions need to be extended for the multiple TRPs or multiple panel case. It needs further study to determine whether one set or multiple sets of  and  are necessary.  
Proposal 3: Whether to extend the sets of  and  for multi-TRP/multi-panel is FFS. 
The R15 spec defines a set of contention-free PRACH resources for UE to signal to gNB which candidate beam in set  it requests as a new beam.  Each PRACH resource corresponds to a candidate beam in . When multiple candidate beams from multiple TRPs are monitored, it may not be necessary to configure a set of PRACH resources for every TRP for its set of candidate beam . A larger pool of contention-free PRACH resource can be configured with one of the TRPs to correspond to the candidate beams of multiple TRPs. This cross-TRP PRACH-based beam recovery procedure requires higher layer configuration but no RAN1 spec change. We can conclude PRACH-based beam failure recovery for multi-TRP can be supported by R15 spec and requires no further work in RAN1.
Proposal 4:  RAN1 does not need to work further on PRACH-based beam failure recovery for multi-TRP.
There are some similarities between the multi-TRP case and the CA case where PCell and Scell are transmitted from different TRPs. RAN1 discussed but did not complete beam failure recovery for Scell in the R15 time period. RAN1 should study the beam failure recovery procedure for Scell and multi-TRP together and develop a set of solution that works for both. 
Proposal 5: Study beam failure recovery for CA and for multi-TRP together and develop a uniform solution. 
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: The group based beam reporting should be enhanced in NR R16. 
Proposal 2: Multiple beam interference should be considered during beam selection and scheduling for multiple UEs with each UE serving by different beams simultaneously.
Proposal 3: Whether to extend the sets of  and  for multi-TRP/multi-panel is FFS. 
Proposal 4:  RAN1 does not need to work further on PRACH-based beam failure recovery for the multi-TRP case.
Proposal 5: Study beam failure recovery for CA and for multi-TRP together and develop a uniform solution. 
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