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1	Introduction
The Rel-17 feMIMO WID [1] objective 2c states: 
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
In this paper, we provide Ericsson’s views related to this objective considering the progress made until RAN1#104bis-e.
2	Discussion
2.1	Beam measurement/reporting
RAN1#104-e, the following agreement was made with respect to beam measurement/reporting enhancements:
Agreement
For beam measurement in support of M-TRP simultaneous transmission 
· Support a single CSI-report consisting of N beams pairs/groups and M (M>1) beams per pair/group, and different beams within a pair/group can be received simultaneously 
· Support M = 2
· Support extending the maximum value of N > 1, exact value FFS
· N=1 and N=2
· FFS: Other values larger than 2
· FFS: Whether the UE could report beams are received with different RX beams
· Further study the support of option 1 and option 3
· The above applies at least for L1-RSRP
· FFS: L1-SINR 


One of the issues that is still open is whether to support Option 1 (UE reporting N>1 pair/groups and M>=1 beams per pair/group in a CSI report) and Option 3 (UE reporting M>=1 beams in N >1 CSI-reports corresponding to N report setting) for beam measurement/reporting enhancements.  Given that Option 2 is already agreed, we do not prefer introducing multiple options as that would lead to higher specification impact, potential market fragmentation and more complicated UE capabilities in NR Rel-17.  Hence, we make the following proposal:
[bookmark: _Toc71671681]For beam measurement/reporting enhancement to facilitate inter-TRP beam pairing, Option 1 (UE reporting N>1 pair/groups and M>=1 beams per pair/group in a CSI report) and Option 3 (UE reporting M>=1 beams in N >1 CSI-reports corresponding to N report setting) are not supported in NR Rel-17.

In the above agreement, it was not clarified if the different beams within a pair/group can be received simultaneously with different Rx spatial filters.  It should be kept in mind that objective 2c in the WID [1] clearly states that this enhancement is for ‘simultaneous multi-TRP transmission with multi-panel reception’.  As shown in the results of our previous contribution [2], significant system-level performance gains are observed from enhancing group-based reporting for the simultaneous multi-TRP transmission with multi-panel reception use case to ensure 4 layers reception in FR2.  However, if the two beams from a pair/group are received with the same Rx spatial filter at the UE, 4 layer reception may not be possible and there may not be peak throughput improvement.  Hence, simultaneous reception of the two beams from a pair/group with different Rx spatial filters is needed in order to see benefits of this enhancement.  In NR Rel-16, the following UE capability was introduced for simultaneous reception with different QCL Type D assumption, which allows the UE to receive with two different receive beams the signals transmitted from two different TRPs:

	simultaneousReceptionDiffTypeD-r16
Indicates whether the UE supports simultaneous reception with different QCL Type D reference signal as specified in TS38.213 [11].
	Band
	No
	N/A
	FR2 only



It is quite natural to assume that a UE that supports the above capability can simultaneously receive the beams transmitted from within a pair/group with different receive beams.  Hence, a new UE capability is not needed in NR Rel-17 to indicate whether a UE could report that the beams within a pair/group are received with different RX beams.
[bookmark: _Toc71671682]Reuse simultaneousReceptionDiffTypeD-r16 UE capability to indicate if the UE is capable of receiving beams within a beam pair/group with different Rx spatial filters.
With regards to the issue of UE panel/antenna related feedback, the following proposal is captured in [3] although there was no agreement in RAN1#104bis-e.
Proposal: For potential UE panel related information feedback for beam reporting option 2, further study the following alternatives:
· Alt-1: UE reports panel ID / antenna-group ID or the reporting setting is associated with panel ID/antenna-group ID
· the reporting setting is associated with panel ID/ antenna-group ID
· Alt-2: UE indicates if reported beams are associated to different RX spatial filters, or maximum number of supported layers corresponding to DL RS in a group, or whether two beams in a beam pair can be used for spatial multiplexing or diversity
· Other alternatives are not precluded
· NOTE: study of these alternatives with beam reporting option 1/3 is not precluded

In general, the notion of panel ID is an implementation issue and hence we prefer to avoid specification of panel IDs or antenna-group IDs.  Furthermore, whether to specify panel ID or not is being discussed in the multi-beam agenda, and hence we prefer not to duplicate the discussion in this agenda.  Having said that there is a need for the network to know whether two beams in the group-based beam report were simultaneously received by the UE using different RX spatial filters.  In current specifications TS 38.214, the following is captured with regards to spatial RX filter assumption for group-based beam reporting:
-	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. 
According to the yellow highlighted part above, the UE may use either a single spatial domain RX filter or multiple simultaneous spatial domain filters to receive the two beams in each group.  If the UE uses a single spatial domain RX filter for both reported beams in each group, it will not be possible for the gNB to simultaneously scheduled PDSCH from two TRPs with rank higher than 2.   If 4 layer reception is not possible, peak throughput improvement cannot be achieved using this feature as demonstrated by our results in [2].  Alt-2 in the above proposal provides the information needed by the gNB so that the gNB can decide to schedule simultaneous PDSCH transmission from two TRPs or not depending on the information provided by Alt-2.  In general, it is sufficient that the UE indicates if the two beams in each group were received with different Rx spatial filter or if the maximum number of layers corresponding to the DL RSs in each group. 
In case the UE uses the same UE panel for both reported beams within a beam group it will not be possible to gNB to perform NC-JT from the two TRPs with rank higher than 2 (assuming that each UE panel has maximum two RX chains). However, the gNB is not aware of this, and might therefore try to schedule the UE with further CSI-reporting from both TRPs to facilitate NC-JT, even though it is not possible, which causes unnecessary signaling overhead.

[bookmark: _Toc71671683]For potential UE panel related information feedback for group-based beam reporting, support either the indication of whether the reported beams in a group-based beam report are associated with different RX spatial filters, or the maximum number of supported layers corresponding to a beam group from the UE to the gNB (i.e., support Alt-2).

With regards to the number of beam pairs/groups (N), the following agreement was made in RAN1#104bis-e:
Agreement
For beam reporting option 2
· On the maximum number of beam pairs/groups (N) that can be reported in a single CSI-report, discuss and down-select from the following two alternatives in RAN1#105-e: 
· Alt1: Support maximum value N = {1, 2} 
· Alt2: Support maximum value N = {1, 2, 3, 4} 
· FFS: Introduce a UE capability Ncap on the maximum value of N in Rel.17
· On the number of beam pairs/groups (N) reported in a single CSI-report, discuss and down select between the following two alternatives in RAN1#105-e
· Alt1: The value of N is fixed by RRC configuration
· Alt2: The value of N is upper bounded by a maximum value Nmax configured by RRC, and dynamically selected/indicated by UE 

Regarding the maximum number N of beam pairs/groups that can be reported in a single CSI-report, a slightly larger number of beam pairs/groups may provide the scheduler with some flexibility.  Hence, we propose to support maximum value of N = {1,2,3,4}.
[bookmark: _Toc71671684]For beam measurement/reporting enhancement, support the maximum number N of beam pairs/groups in a single CSI report to be one of the candidate values in {1, 2, 3, 4} (i.e., support Alt2).
On the exact number of beam pairs/groups (N) reported in a single CSI report, Alt 2 may lead to varying payload sizes in the single CSI-report since the UE payload will vary depending on the number N selected by the UE.  With Alt1, the UE feeds back a configured number of beam pairs/groups which is well suited for the one part CSI report used for beam reporting in NR.  Hence, to simplify the specification of group based beam reporting, we prefer the exact number of beam pairs/groups (N) to be reported in a single report to be fixed by RRC configuration. 
[bookmark: _Toc71671685]For beam measurement/reporting enhancement, support the exact number of beam pairs/groups (N) to be reported in a single report to be fixed by RRC configuration (i.e., support Alt1).



With regards to CMR resource configuration for beam reporting Option 2, the following agreement was made in RAN1#104bis-e:
Agreement
On CMR resource configuration for beam reporting option 2, decide in RAN1#105-e whether to adopt “set” or “subset”:
· NOTE: the following has been agreed
· Two CMR resource sets or subsets, per periodic/semi-persistent CMR resource setting
· FFS : extension to aperiodic CMR resource setting if two CMR resource sets are supported
· Each reported beam pair in a single CSI -report consists of M = 2 SSBRI/CRI values, where each SSBRI /CRI points to a CMR resource in a different CMR resource set or subset.
· FFS : bitwidth of each SSBRI/CRI determined based on the number of SSB/CSI-RS resources from the associated set/subset, or across two sets/subsets


Note that there is an existing agreement in RAN1#104-e related to the above agreement in agenda 8.1.4.  The related agreement is copied below:
Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, the UE can be configured with Ks ≥ 2 NZP CSI-RS resources in a CSI-RS resource set for CMR and N ≥ 1 NZP CSI-RS resource pairs whereas each pair is used for a NCJT measurement hypothesis 
· Configure UE with two CMR groups with Ks=K1+K2 CMRs. CMR pairs are determined from two CMR groups by following method(s). 
· K1 and K2 are the number of CMRs in two groups respectively. FFS K1=K2 or different K1/K2.
· Note that CMRs in each CMR group can be used for both NCJT and Single-TRP measurement hypotheses
· N CMR pairs are higher-layer configured by selecting from all possible pairs
· signalling mechanism can be discussed further, e.g. using a bitmap
· FFS: Whether MAC-CE or RRC+MAC CE indication is needed
· FFS: how to support NCJT measurement hypotheses in FR2
· Support N=1 and Ks =2, FFS other maximal values of N>1 and Ks>2  
· Note: for CPU/resource/port occupation, NCJT hypothesis is considered separately from single TRP hypothesis

According to the above agreement, two CMR groups are configured within a CSI-RS resource set, where CMR pairs for NC-JT CSI are picked from the two CMR groups.  This is very close to using ‘subset’ in the agreement made for CMR resource configuration for beam reporting Option 2.  Since multi-TRP CSI and enhanced group based beam reporting are to be supported in the same framework, in our view, the two CMR group framework agreed in agenda 8.1.4 can be reused for enhanced group based beam reporting.  Hence, we propose the following:

[bookmark: _Toc71671686]For beam measurement/enhancement to facilitate inter-TRP beam pairing, reuse the two CMR groups framework agreed for multi-TRP CSI where each beam in a beam group/pair is selected from one of the two CMR groups (i.e., support two CMR resource subsets in a resource set).


2.2	M-TRP beam failure recovery
In RAN1#104bis-e, the following agreement was reached with regards to M-TRP BFD:
Agreement
· Support S-DCI and M-DCI in TRP-specific BFR in Rel.17
· S-DCI is low priority, M-DCI is high priority
· Unified design for S-DCI and M-DCI should not be precluded due to the prioritization

Regarding explicit and implicit BFD-RS configuration, both these configurations are supported in NR Rel-15 and Rel-16. If the explicit BFD-RS configuration is extended to M-TRP beam failure recovery operation, multiple BFD-RS sets will need to be configured via higher layer signaling. This extension seems straightforward. On the other hand, with implicit BFD-RS configuration, the BFD-RS sets can be determined implicitly via the activated TCI states of the CORESETs associated with different TRPs. Since the activated TCI states for the CORESETs can be updated via MAC CE, the implicit approach provides more flexibility with regards to updating the RSs in the BFD-RS set.  Our preference is to support both explicit and implicit BFD-RS configuration in NR Rel-17.

[bookmark: _Toc71671687]In NR Rel-17, support both explicit and implicit BFD-RS configuration in order to support M-TRP beam failure detection.

With regard to supporting explicit and implicit M-TRP BFD-RS configuration, a further open issue is whether to support one or both of multi-DCI based multi-TRP and single-DCI based multi-TRP.  In the case of explicitly configured BFD-RS resource sets, these can be used to support M-TRP beam failure detection for both multi-DCI based M-TRP and single-DCI based M-TRP.  Hence, we propose the following:

[bookmark: _Toc71671688]In NR Rel-17, support explicit M-TRP BFD-RS configurations for both multi-DCI based M-TRP and single-DCI based M-TRP.

In RAN1#104bis-e, some companies proposed to support implicit per-TRP BFD-RS configurations only for multi-DCI based multi-TRP.  The reasoning given is that the already specified CORESETPoolIndex (e.g., k = 0 or 1) can be leveraged when determining BFD-RS sets for multi-DCI based multi-TRP.  For instance, the BFD-RSs in BFD-RS sets #1 and #2 can be determined via the activated TCI states of the CORESETs associated with CORESETPoolIndex values 0 and 1, respectively.  On the other hand, for single-DCI based multi-TRP, supporting implicit per-TRP BFD-RS configurations would require introduction of a CORESET group identifier or something similar.  In terms of standardization effort, it appears that supporting implicit per-TRP BFD-RS configurations only for multi-DCI based multi-TRP requires less effort.  Hence, our preference is to support only multi-DCI based multi-TRP for implicit per-TRP BFD-RS configurations in NR Rel-17.

[bookmark: _Toc71671689]In NR Rel-17, support implicit M-TRP BFD-RS configurations only for multi-DCI based M-TRP.

In NR Rel-16, multi-DCI based multi-TRP operation was limited to intra-cell operation (i.e., both TRPs correspond to the same PCI).  In NR Rel-17, multi-DCI based multi-TRP operation is being extended to inter-cell operation (i.e., both TRPs correspond to the different PCIs).  Hence, when introducing per-TRP BFD-RS configurations in Rel-17, it is beneficial to support both intra-cell and inter-cell multi-DCI based multi-TRP operations.

[bookmark: _Toc71671690]In NR Rel-17, support per-TRP BFD-RS configurations for both intra-cell and inter-cell multi-DCI based multi-TRP operation.

In RAN1#103-e, SFN based PDCCH reliability was agreed.  Agreement
For PDCCH reliability enhancements, support SFN scheme + Alt 1-1.
· FFS: TCI state activation for CORESET, impact on default beam, BFD resource for BFR


In the above scenario, a CORESET will be activated with two TCI states.  Then, the open question is which TCI state the UE should use for determining the BFD-RS.  Note that the SFN scheme + Alt 1-1 is essentially a single-DCI based multi-TRP scheme since the same DCI is transmitted from two TRPs in SFN fashion.  If implicit per-TRP BFD-RS configuration is not supported for single-DCI based multi-TRP in Rel-17, then there will be only a single BFD-RS set.  A simple solution is to let the UE assume that the reference signals used as QCL sources (if each TCI state contains two reference signal, the UE will utilize the QCL-TypeD RS) in the two activated TCI states for the CORESET can be used as BFD-RSs in the single BFD-RS set.  As shown in the example of Figure 1,  the QCL source reference signal with CSI-RS resource IDx corresponding to the 1st activated TCI state and QCL source reference signal with CSI-RS resource IDy corresponding to the 2nd activated TCI state shall be included by the UE in the beam failure detection resource set .   
[bookmark: _Toc71671691]When two TCI states are activated for a CORESET, support inclusion of reference signals used as QCL sources in the two activated TCI states as BFD-RSs in the single BFD-RS set . If any of the activated TCI states contains two reference signals, the UE will use the reference signal configured with QCL-TypeD


[image: ]
[bookmark: _Ref61725175]Figure 1.  An example of BFD resource determination with single BFD resource set when CORESET is configured for SFN-based PDCCH diversity

With regards to PUCCH-SR resource selection rules for TRP specific BFR, the following agreement was reached in RAN1#104bis-e:
[bookmark: _Hlk71583541]Agreement
For the TRP specific BFR, for a UE configured with two PUCCH-SR resources in a cell group when beam failure is detected in a one or more CCs in one or more of BFD-RS sets configured in one or more of CCs,
· Down select one of the following PUCCH-SR resource selection rules when SR is triggered (or their combinations) for the study, without precluding other alternatives, in RAN1#105-e
· Alt-1: PUCCH-SR resource associated with other/non-failed BFD-RS set, association details FFS
· Alt-2: PUCCH-SR resource associated with failed BFD-RS set, association details FFS
· Alt-3: Leave it up to UE implementation
· Note: PUCCH-SR resource is PUCCH resource carrying SR
· FFS: Whether two PUCCH-SR resources are under the same or different SR resource configuration or SR configuration (eventual decision may or may not happen in RAN1)

Among the alternatives above, selecting the PUCCH-SR resource associated with the non-failed BFD-RS set seems to make the most sense as the motivation for selecting PUCCH-SR resource associated with the failed BFD-RS set is unclear.  Furthermore, it is better to specify the UE behavior via specifying a PUCCH-SR resource selection rule, and thus leaving this up to UE implementation (Alt-3) is not preferred.  Hence, we make the following proposals:
[bookmark: _Toc71671692]Regarding PUCCH-SR resource selection when SR is triggered when beam failure is detected, support selecting a PUCCH-SR resource associated with the non-failed BFD-RS set.

3	Conclusion
Based on the discussion in the previous section, we make the following observation and proposal:
Proposal 1	For beam measurement/reporting enhancement to facilitate inter-TRP beam pairing, Option 1 (UE reporting N>1 pair/groups and M>=1 beams per pair/group in a CSI report) and Option 3 (UE reporting M>=1 beams in N >1 CSI-reports corresponding to N report setting) are not supported in NR Rel-17.
Proposal 2	Reuse simultaneousReceptionDiffTypeD-r16 UE capability to indicate if the UE is capable of receiving beams within a beam pair/group with different Rx spatial filters.
Proposal 3	For potential UE panel related information feedback for group-based beam reporting, support either the indication of whether the reported beams in a group-based beam report are associated with different RX spatial filters, or the maximum number of supported layers corresponding to a beam group from the UE to the gNB (i.e., support Alt-2).
Proposal 4	For beam measurement/reporting enhancement, support the maximum number N of beam pairs/groups in a single CSI report to be one of the candidate values in {1, 2, 3, 4} (i.e., support Alt2).
Proposal 5	For beam measurement/reporting enhancement, support the exact number of beam pairs/groups (N) to be reported in a single report to be fixed by RRC configuration (i.e., support Alt1).
Proposal 6	For beam measurement/enhancement to facilitate inter-TRP beam pairing, reuse the two CMR groups framework agreed for multi-TRP CSI where each beam in a beam group/pair is selected from one of the two CMR groups (i.e., support two CMR resource subsets in a resource set).
Proposal 7	In NR Rel-17, support both explicit and implicit BFD-RS configuration in order to support M-TRP beam failure detection.
Proposal 8	In NR Rel-17, support explicit M-TRP BFD-RS configurations for both multi-DCI based M-TRP and single-DCI based M-TRP.
Proposal 9	In NR Rel-17, support implicit M-TRP BFD-RS configurations only for multi-DCI based M-TRP.
Proposal 10	In NR Rel-17, support per-TRP BFD-RS configurations for both intra-cell and inter-cell multi-DCI based multi-TRP operation.
Proposal 11	When two TCI states are activated for a CORESET, support inclusion of reference signals used as QCL sources in the two activated TCI states as BFD-RSs in the single BFD-RS set . If any of the activated TCI states contains two reference signals, the UE will use the reference signal configured with QCL-TypeD
Proposal 12	Regarding PUCCH-SR resource selection when SR is triggered when beam failure is detected, support selecting a PUCCH-SR resource associated with the non-failed BFD-RS set.

References
[bookmark: _Ref40275742][bookmark: _Ref174151459][bookmark: _Ref189809556]RP-193133, New WID: Further enhancements on MIMO for NR, Samsung, RAN#86, Sitges, December 2019.
[bookmark: _Ref71576397]R1-2009225, ‘On beam management enhancements for simultaneous multi-TRP transmission with multi-panel reception’, Ericsson, RAN1#103-e, October 26th – November 13th, 2020.
[bookmark: _Ref71577999]R1-2103996, Moderator summary #3 on M-TRP simultaneous transmission with multiple Rx panels, RAN1#104bis-e, April 12th – 20th, 2021.
	4/4	
image1.png
CORESET

Istactivated TCI state 2" activated TCI state

qc-Typel. qc-Typel
->QCL-TypeA QCL-TypeA
-> CSI-RS resource ID > CSI-RS resource ID

TRP1

qc-Type2 qc-Type2
->QClL-TypeD > QCL-TypeD





