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In 3GPP RAN1#98bis meeting, the reply LS on single PDCCH-based multi-TRP operation was discussed and approved, the following is the part of the LS regarding to the flexibility of pairing of TCI states(R1-1911550):
Question 1: Should the pairing of the TCI states be flexible such that each TCI state can be dynamically paired with each TCI state or is there an upper limit of pairs by configuration? 
Answer 1:  From RAN1 perspective, MAC CE based enhancement is preferred so that the pairing of the TCI states can be flexible. Each TCI state can be dynamically paired with another TCI state, assuming dynamic here means pairing via MAC-CE. From RAN1 perspective, some restrictions on pairing may be introduced but this will not impact RAN2 work.
In our previous contribution (R1-1911024), it was stated that in the case of FR1 and where spatial QCL (i.e., 'QCL-TypeD') is not configured, the pairing of the TCI states should be flexible such that each activated TCI state can be dynamically paired with any other activated TCI state. In the case of FR2 and with spatial QCL configured in the TCI states, the network needs to be aware of restrictions from the UE side. Specifically, in the case of FR2, the activated TCI states with the same spatial QCL assumption (i.e., the source RS in the TCI states) can be paired together; in addition, 2 activated TCI states with different spatial QCL assumptions (i.e., the source RSs (CSI-RS and/or SSB) in the TCI states) can be paired together if the sources RSs are in a single reporting instance for groupBasedBeamReporting. (When configured for groupBasedBeamReporting, UE reports 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.)
Overall, in the case of FR2, since in the CRI or SSBRI reports there is no mentioning of UE side receive beamforming information, TX/RX analog beamforming pairing ambiguity may affect multi-TRP/panel operation. In this contribution, the detailed issue will be discussed.

Discussion on TX/RX analog beamforming ambiguity
For FR2, analog beamforming is an essential tool to combat the large path loss of high frequency signal propagation. In NR, beam management procedure based on CSI-RS and SSB was specified to facilitate the finding and maintaining of the TX/RX analog beamforming pairs. A single instance reporting corresponding to a configured beam management reference signal resource set (CSI-RS/SSB) is also specified. Beam measurement results from different reference signal resource sets could not be reported in the same UE reporting instance. No UE side receive beamforming information is included in the measurement reports. When UE could receive more than one transmission beam simultaneously, groupBasedBeamReporting could be enabled and multiple CRI or SSBRI are included in the same reporting instance. 
The beam management reporting procedure works well for single TRP operations, but it may run into issues for multi-TRP/panel scenarios. In multi-TRP deployments, typically TRPs are not physically co-located, UE may receive multiple transmission beams from different TRPs with the employment of the same receive analog beams as shown in Figure 1 below. 
[image: ]
Figure 1 Beam sweeping and reception with the same receive spatial direction

In the figure, TRP-1 sweeps its transmission beams through the configured CSI-RS resource set and UE reports that CRI index i is the best beam measured. Independently, UE reports that CRI index j is the best beam by going through TPR-2 beam sweeping procedures. Since in UE beam management reports, there is no indication of the UE receive spatial direction information, network isn’t aware of whether beam i and beam j arrive UE with same or distinguishable spatial directions. If network operates multi-TRP transmission scheme to the UE based on these beam reports, e.g. NCJR, severe performance degradation results, either because UE cannot receive them simultaneously or because the UE cannot effectively separate the 2 PDSCH CWs. 
To fix the issue, we can consider coordinate the beam sweeping procedures of TRP-1 and TRP-2 together. Through backhaul, network configures UE beam sweep RS with only one CSI-RS resource set to sweep beams from both TRP-1 and TRP-2. groupBasedBeamReporting should be enabled and UE reports two different CRI for each report setting in a single reporting instance indicating that two beams from the network can be received simultaneously by UE. For more than two TRPs, this scheme is not scalable since the number of total beams in a single beam sweeping setting is limited. The solution also requires tighter multi-TRPs coordination which puts more restrictions on network scheduling and complicates the network implementation. Another potential issue is that, as the UE is not aware of the association of CSI-RSs/beams and the TRPs/panels, the UE may report two different CRI that correspond to beams from the same TRP/panel which cannot be used for multi-TRP transmission. The pro is that it is transparent to UE and almost no standard modification is needed. Figure 2 shows the case with CSI-RS as the resource signal.
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Figure 2 Multi-TRP beam sweeping through single CSI-RS resource set

Proposal 1: Support reusing groupBasedBeamReporting for restriction on TCI state pairing in single DCI based multi-TRP/panel transmission
Alternatively, we may enhance the beam measurement reporting by incorporate the UE receive spatial direction consideration in the reports for multi-TRP operations. As a simple example, network still schedules two separate CSI-RS resource sets for beam sweeping. Network sends signaling message instructing UE to measure the two CSI-RS sets jointly and reports the best pair of beams. The pro is thus each beam management sweeping could still be performed independently which make it scalable and flexible. Joint beam searching ensures the best demodulation performance on the 2 PDSCH CW at the cost of higher UE implementation complexity. The con is obviously that it requires certain amount of standard enhancement work.
Proposal 2: Consider to enhance the UE beam measurement reporting by joint measurement of beams from different RS resource set configurations for FR2 multi-TRP/panel operation
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In this contribution, we discuss the beam reporting issue for multi-TRP operation. To deal with the discussed issue we propose the following:
Proposal 1: Support reusing groupBasedBeamReporting for restriction on TCI state pairing in single DCI based multi-TRP/panel transmission
[bookmark: _GoBack]Proposal 2: Consider to enhance the UE beam measurement reporting by joint measurement of beams from different RS resource set configurations for FR2 multi-TRP/panel operation
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