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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Rel-16 has introduced MTRP operations to enhance both throughput for eMBB and reliability and robustness for URLLC. Multi-DCI-based MTRP realized by configuring two different values of CORESETPoolIndex allows two TRPs independently schedule PDSCH and the UE supporting this feature may expect the reception of fully/partially-overlapped PDSCHs in time and frequency domain by two scheduling PDCCHs associated to CORESETs having different values of CORESETPoolIndex. The UE can be configured either to jointly transmit two HARQ-ACK codebooks in one PUCCH or transmit two HARQ-ACK codebooks in separate PUCCHs for the PDSCHs scheduled by two TRPs. On the other hand, single-DCI-based MTRP operating with ideal backhaul realizes a PDSCH transmitted from two TRPs in SDM, TDM, SDM manners by indicating two TCI states. This would cope with the blockage of the radio link between either TRP and the UE so that the reliability and robustness can be assured. However, there was no further discussions on beam management for MTRP in Rel-16 except the beam indication and default QCL for PDSCH, it implies that other operations for beam management such as beam reporting, UL spatial relation indication, beam failure recovery in Rel-15 and Rel-16 should also apply to MTRP.
Rel-17 has recognized the beam management issue could be enhanced for MTRP and proposed in [1]:
	2c: Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception


This paper discusses our considerations and concerns on beam-management-related enhancements for MPUE in MTRP.
Beam reporting for MTRP
Rel-15 introduced beam reporting, named L1-RSRP reporting, under the CSI framework. A UE measures RSRP of all CSI-RS and/or SSB resources associated with a CSI reporting setting and reports CRI and L1-RSRP when the reportQuantity is set to “cri-RSRP” or “ssb-Index-RSRP”. When the UE is configured with non-group-based beam reporting, the UE shall report in a single report a number of different beam indices, i.e., CRIs or SSBRIs for each report setting; when the UE is configured with group-based beam reporting, the UE shall report in a single report two different beam indices for each report setting, assuming the reported beam pair can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters for multiple Rx panels. Rel-16 further introduced L1-SINR reporting to inform the gNB the best beams taking into account inter-beam interference.
Beam reporting framework for MTRP
In Rel-16, both ideal backhaul and non-ideal backhaul are considered for MTRP with same beam reporting framework as Rel-15. The transmission schemes defined in Rel-16 such as NCJT, URLLC FDM, TDM schemes require simultaneously transmission from multiple TRPs and simultaneously reception by the UE. And some UEs have the capability to activate multiple Rx panels indicating that the UE can connect to and receive from different TRPs with multiple Rx panels simultaneously.  Beam reporting for MTRP should take all above into account.
[bookmark: _Ref47709702]Rel-17 MTRP beam reporting enhancement should take into account both ideal backhaul and non-ideal backhaul scenarios.
Rel-17 MTRP beam reporting enhancement should take into account both simultaneous transmission from MTRP and simultaneous reception at the UE side.
For one CSI reporting setting associated with a CSI resource setting, the UE will not distinguish the CSI-RS resources and/or SSB resources from different TRPs so that it may report beam indices from same TRP or different TRPs according to L1-RSRP/L1-SINR, unless the network deliberately configures the CSI-RS resources and/or SSB resources of a single TRP in each individual CSI-RS resource setting associated with one CSI reporting setting. On the other hand, current specification has no restriction on a UE to report optimal beam indices received by a single Rx panel or multiple Rx panels. The network shall not assume that the reported non-group-based beams from different beam reports can be simultaneously received by the UE. Therefore, when CSI-RS/SSB resources from different TRPs are configured in one CSI resource setting beam selection for DPS among multiple TRPs can be achieved by the existing non-group-based beam reporting framework. For group-based beam reporting, the UE still has no idea whether the reported two different beam indices in a group are from two TRPs or not. Thus, current CSI framework is not perfectly suitable to beam reporting for MTRP.
[bookmark: _Hlk47170471]First of all, it may be good to let the UE clearly know the TRP to which the CSI-RS/SSB resources belong to let the UE distinguish the beams from different TRPs, decide optimal beam pairs from different TRPs that can be simultaneously received and report the beam indices of the beam pair. This can be done in several ways which are similar to the CSI enhancement for MTRP in [2]:
Option 1: configure more than one CSI resource setting for beam management associated with one CSI reporting setting, each CSI resource setting is configured with the CSI-RS/SSB resources from one TRP
Option 2: configure more than one CSI resource set in one CSI resource setting for beam management, each CSI resource set is configured with the CSI-RS/SSB resources from one TRP
Option 3: associate more than one CSI reporting setting, each associated with a CSI resource setting for beam management configured with the CSI-RS/SSB resources from one TRP
All of above options can be applied to ideal backhaul MTRP because beam reporting to either TRP can be shared to the other one with negligible latency.
But for non-ideal backhaul MTRPs, it is desired that each TRP can receive the beam report from the UE separately. Therefore, separate CSI configuration like Option 3 with non-group-based beam reporting for each CSI reporting setting is more suitable to non-ideal backhaul scenarios by configuring CSI-RS/SSB resources from a single TRP in each CSI reporting setting. With the association of multiple CSI reporting settings, the UE should report optimal beam pairs with dependency assuming that any beam pair can be simultaneously received by the UE itself. The UE measures the L1-RSRP of the CSI-RS/SSB resources associated to each individual CSI reporting setting and reports each beam in one beam pair in a separate beam report according to the configuration of each CSI reporting setting.
For a UE with multiple Rx panels, the UE may have the capability to control Rx beam of each Rx panel independently. It implies that non-group-based beam reporting is also possible for a MPUE even without any association of multiple CSI reporting settings. 
Group-based beam reporting defined in Rel-15 is naturally ready for MTRP, but reporting only one beam pair limits the scheduling flexibility especially for FR2. So increasing the number of beam pairs to be reported in one CSI report can be considered to provide the network more options for scheduling from a single CSI report.
To illustrate the benefit of reporting more beam pairs, we deploy 57 TRPs with 30 UEs dropped per TRP, each can generate 32 beams for UE to report. Every UE, equipped with 2 panels, can report 1 or 2 optimal beams to one TRP per panel. Figure 1 shows the distribution of number of UEs selecting one beam for the cases of reporting 2 beams per panel vs. reporting 1 beam per panel. It can be observed that when the number of reported beams per panel increases from 1 to 2, the cases of 2 UEs selecting one beam triples, and so on. We also observe from the results that more beams are selected by more than 1 UE. This certainly provides the network more scheduling flexibility in the sense of achieving multi-user diversity gain on one analog beam.
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[bookmark: _Ref47727454]Distribution of number of UEs selecting one beam (reporting 2 beams per panel vs. reporting 1 beam per panel)
The CSI-RS/SSB resources per TRP can be grouped in the configuration to allow UE pair the CSI-RS/SSB resources from different groups.
Enhancement of both non-grouped-based beam reporting and group-based beam reporting for intra-cell MTRP and inter-cell TRP should be considered in Rel-17.
Enhancement on default beam assumption for M-TRP
As summarized in our companion contribution [3], beam indication is designed independently for each channel/RS in In Rel-15/Rel-16.
For PDCCH and PUCCH, MAC CE activates a TCI state/spatial relation from the candidate TCI states/spatial relations configured by RRC.
For PDSCH, gNB indicates the TCI state through DCI including TCI field from a set of activated TCI states by MAC CE.
For PUSCH, SRI field in DCI is used to indicate the spatial relation.
[bookmark: _GoBack]For CSI-RS/SRS, TCI state/spatial relation is configured by RRC or activated by MAC CE or indicated by DCI.
Default beam issues have already been supported for PDSCH, PUCCH, PUSCH, CSI-RS and SRS, etc. These default beam schemes are summarized as following [3]:
For PDSCH, default TCI state shall be determined when the scheduling offset is less than the threshold timeDurationForQCL, scheduled by a DCI format not having the TCI field present.
For aperiodic CSI-RS which is triggered by DCI, default TCI state shall be determined when the scheduling offset is smaller than the UE reported threshold beamSwitchTiming.
For PUCCH, default spatial relation shall be determined when the spatial relation of the PUCCH is not configured.
For PUSCH, default spatial relation shall be determined when the PUSCH is scheduled by DCI format 0_0 and the PUCCH resource/PUCCH spatial relation is not configured in the active UL BWP.
For SRS, default spatial relation shall be determined when the spatial relation of the SRS resource is not configured.
The default TCI state/spatial relation/pathloss RS are mostly determined according to the QCL assumption of some kinds of CORESET, e.g., with the lowest CORESET ID.
Beam indication and default QCL for PDSCH was discussed and enhanced for S-DCI/M-DCI-based MTRP in Rel-16. Even though default QCL for AP CSI-RS when the scheduling offset is less than beamSwitchTiming for MTRP has been discussed in latest meetings, no agreement was reached yet. There may be some issues for beam indication of other DL/UL channels/signals in MTRP. Furthermore, Rel-17 is going to enhance PDCCH, PUCCH, and PUSCH reliability by MTRP transmission or reception, which would raise more issues for beam indication and default beam assumptions. 
The default spatial relation of PUCCH, PUSCH, and SRS specified in Rel-15/16 are summarized in Table 1.
Default spatial relation of PUCCH, PUSCH and SRS
	
	Default spatial relation assumption

	PUCCH
	QCL assumption of the CORESET with the lowest ID

	PUSCH
	Spatial relation of dedicated PUCCH with the lowest ID, or
QCL assumption of the CORESET with the lowest ID when there is no PUCCH resource configured in the active UL BWP, or no spatial relation configured for all PUCCH resources in the active UL BWP

	SRS
	QCL assumption of the CORESET with the lowest ID in the CC or active BWP, or
The TCI state with lowest ID among activated TCI states for PDSCH when no CORESET configured in the active DL BWP of the CC



In the latest TS 38.213 [4], both single-DCI-based MTRP and multi-DCI-based MTRP are excluded from applying the default spatial relation for SRS. For all UL channels/RS, applying default spatial relation is also important for MTRP due to its potential to reduce signaling overhead. The TRP-specific default spatial relation of UL channels/RS can be considered at least for multi-DCI-based MTRP.
Support the TRP-specific default spatial relation of PUCCH, PUSCH, SRS for MTRP in Rel-17.
Beam indication for enhanced PDCCH, PUCCH and PUSCH for MTRP in Rel-17 is discussed in companion paper [5].
For single-DCI-based MTRP, existing mechanism of spatial relation indication and default spatial relation determination for SRS, PUCCH and PUSCH still work, while PUCCH and PUSCH enhancements for MTRP is another topic which are discussed also in [5].
For multi-DCI-based MTRP, where different values of CORESETPoolIndex are configured in multiple CORESETs, there is no association between the CORESETPoolIndex and spatial relations with for PUCCH, PUSCH, SRS. The UE just transmit UL channel/RS following the configured or indicated spatial relation, with no need for the UE to know which TRP the UL channel/RS is transmitting to.
There may be at least one scenario that requires a UE to differentiate the associated TRP for the UL channel/RS, that is, when two UL channels/RSs overlap. Association between the PUCCH resource and TRP has been discussed in Rel-16 but no further agreements were reached. However, overlapping between UL channels/RSs towards different TRPs can be avoided by network implementation.
Support default beam enhancement for enhanced PDCCH, PUCCH, PUSCH, and SRS for MTRP.

Beam failure recovery for MTRP
Beam failure recovery (BFR) is one of the NR features for FR2 defined in Rel-15 to allow fast beam pair link re-establishment from frequent narrow-beam link degradation caused by movement, rotation and blockage, etc. Generally, beam failure recovery comprises four steps: beam failure detection (BFD), candidate beam identification, beam failure recovery request (BFRQ) and beam failure recovery response (BFRR). Rel-16 took into account the cases when a UE is configured with SCell.
With current BFR procedure, a UE working in MTRP would declare beam failure event when the hypothetical error rate measurements of all BFD-RS are below the threshold regardless which TRP the BFD-RS belongs to. However, the beam link has to be recovered after some time required by the above-mentioned procedures that the BFR needs go through although BFR is designed for fast beam link recovery. As a matter of fact, a UE connecting with multiple TRPs can help itself avoid the break of all beam links. When any beam link fails, the UE can trigger BFR procedure of that TRP to re-establish a new beam link with that TRP or a new TRP while another beam link still maintains. Especially for non-ideal backhaul scenarios, each TRP maintains beams independently. If there is beam failure in one TRP but cannot report the corresponding event to the network, the beam link to that TRP would remain failed all the time if the BFR procedure is still configured per cell because BFR is declared when all of the beam links are failed. The beam failure recovery request can be transmitted through the good channels to another beam link. This would keep at least one beam link on and guarantee the continuity of the transmission. 
Since Rel-17 would also introduce inter-cell MTRP, current BFR framework needs to be enhanced to a common framework for intra/inter-cell MTRP with multiple CCs configured.
Support beam failure recovery enhancement for both intra-cell and inter-cell MTRP scenarios.
Support TRP-specific beam failure declaration for MTRP.
Support BFRQ transmission to the non-failed TRP for fast recovery.

Conclusions 
In this contribution, we analyze potential enhancements of beam management for MTRP in Rel-17. To summarize, we have following observations and proposals.
1. Rel-17 MTRP beam reporting enhancement should take into account both ideal backhaul and non-ideal backhaul scenarios.
Rel-17 MTRP beam reporting enhancement should take into account both simultaneous transmission from MTRP and simultaneous reception at the UE side.
The CSI-RS/SSB resources per TRP can be grouped in the configuration to allow UE pair the CSI-RS/SSB resources from different groups.
Enhancement of both non-grouped-based beam reporting and group-based beam reporting for intra-cell MTRP and inter-cell TRP should be considered in Rel-17.
Support the TRP-specific default spatial relation of PUCCH, PUSCH, SRS for MTRP in Rel-17.
Support default beam enhancement for enhanced PDCCH, PUCCH, PUSCH, and SRS for MTRP.
Support BFRQ transmission to the non-failed TRP for fast recovery.
Support TRP-specific beam failure declaration for MTRP.
Support BFRQ transmission to the non-failed TRP for fast recovery.
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