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1. Introduction
Regarding beam management for multi-TRP which is one of the objectives in the WID [1], some potential enhancements on beam management for multi-TRP including DL beam measurement and reporting with multi-panel reception, TRP-specific beam recovery and simultaneous transmission of different DL channel(s) and RS(s) are discussed for NR Rel-16 in this contribution.
2. Enhancement(s) on DL beam measurement and reporting
In this section, some potential enhancements including beam reporting for facilitating inter-TRP pairing and CSI framework for multi-panel/TRP based beam measurement are discussed for NR Rel-17.
2.1 Enhancements on DL beam reporting
Beam reporting that informs gNB which pairs of multiple beams can be received simultaneously (which implicitly provides the mapping between UE panel and gNB beam) should be regarded as an essential solution for supporting the multi-panel operation of both DL and UL transmission (including DL multi-panel reception and UL fast panel selection). In RAN1#103-e, the following agreement on candidate solutions for facilitating inter-TRP beam pairing was agreed. 
	Agreement
Down-select at least one of the following options for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing in RAN1 #104-e
· Option 1: In a CSI-report, UE can report N>1 pair/groups and M>=1 beams per pair/group
· Different beams in different pairs/groups can be received simultaneously 
· FFS: whether M is equal or can be different across different pair/group
· Option 2: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group
· Different beams within a pair/group can be received simultaneously
· Option 3: UE report M(M>=1) beams in N (N>1) CSI-reports corresponding to N report setting
· Different beams in different CSI-reports can be received simultaneously
· FFS: whether/how to introduce an association between different CSI-reports
· FFS: whether/how to differentiate reported measurements for beams that are received simultaneously vs. beams that are not received simultaneously 
· Whether/how to introduce an indication along with the CSI-reports to indicate whether the beams in different CSI-reports can be received simultaneously
· FFS: value of N and M in each option
· FFS: Association between different beams in above options and different TRP/UE panels
· FFS: Identify new use cases per option compared with R16 (including backhaul)
· FFS: whether different beams in different pairs/groups/reports can be received by same spatial filter per option


In general, above three options can be divided into two categories: 
· CAT-1: enhanced solution(s) for single CSI report (comprising Option 1 and Option 2);
· CAT-2: enhanced solution(s) for multiple CSI reports (comprising Option 3).  
From our perspective, CAT-1 is recommended due to the following reasons.
· Compared with CAT-1, there is no doubt that, for CAT-2, splitting one report instance (e.g., multiple groups in Option-1 in CAT-1) into multiple CSI reports increases the implementation complexity of CSI configuration and reporting. Also, associating different report instances together may be difficult, e.g., we have to specify how to group two or more different report instances together, particularly for periodic and semi-persistent reporting.
· The potential benefit of CAT-2 is to handle a non-ideal backhaul case, since multiple Tx beam group(s) corresponding to different UE panel(s) can be carried by respective reporting instances, each of which is associated with a different antenna group ID/panel ID and is sent to a respective TRP. But, as a large-scale parameter, there is delay tolerant information for paring gNB Tx beam and UE panel. 
· For instance, considering a UE rotation of 60 rpm, the dwelling time for a UE panel (e.g., right, left and back in a phone) is about 0.5s, and TRP Tx beam to be reported per UE panel is kept unchanged during this dwelling time (only UE Rx beam should be refined/tracked). 
· Consequently, the potential benefit may be limited, and from our perspective, CAT-1 (i.e., Option 1 and Option 2) can still leverage non-ideal backhaul to coordinate certain delay tolerant information for beam reporting.
Observation 1: Considering delay tolerant information for paring gNB Tx beam and UE panel, the benefit of CAT-2 enhanced solution(s) for multiple CSI reports (i.e., Option 3) is unclear for non-ideal backhaul, although the complexity of CSI configuration and reporting may be increased significantly due to associating reporting instances.
Regarding Option 1 and Option 2 in CAT-1, in our views, information on grouping one or more RS(s) (e.g., beam group ID, or antenna group ID) can be reported along with RS ID(s) and RSRP/SINR in a report instance. But there may be different usages for both two options. Specifically, the following usages can be identified for respective options in the multi-panel and multi-TRP case:
· Option-1 (antenna group based reporting) is beneficial for DL panel-specific beam management and is also relevant to fast UL panel switching. For instance, for mDCI case in mTRP, the different groups can be associated with two different TPRs, and consequently the subsequent beam refinement and CSI measurement for two TRPs can be performed independently. 
· But, in a specific case, e.g., L1-SINR reporting and sDCI in mTRP, the UE can well consider the inter-beam/panel interference through using Option-2 (called as beam group based reporting) and can provide a better spatial multiplexing (high-RANK DL transmission).
Consequently, we have the following proposals for the enhancement for beam reporting in mTRP.
Proposal 1: Support both Option 1 (antenna group based reporting) and Option 2 (beam group based reporting) for multi-TRP operation.
· Option 1 (antenna group based reporting) is used for mDCI-mTRP and/or facilitating panel-specific DL and UL beam management via RSRP reporting;
· Option 2  (beam group based reporting) is used for sDCI-mTRP and/or optimizing inter-beam inference in SINR reporting
· Information on grouping one or more RS(s) (e.g., beam group ID, or antenna group ID) can be reported along with RS ID(s) and RSRP/SINR in a report instance.
Proposal 2: Further study benefits and identify usages of Option 3 in multi-TRP operation, compared with Option 1 and Option 2.
2.2 Extension of N groups and M beams per group
The Rel-15/16 group based reporting with only N=2 Tx beams to be reported significantly restricts system flexibility and degrade diversity gain through dynamically indicating one of multiple candidate beams in multi-panel/TRP cases. According to the grouping criteria of Option 1 (antenna group based reporting), we evaluate SLS performance for the case that a UE with 2 Rx panels is served by 2 TRPs in the indoor hotspot and dense urban scenarios under UE blockage model of TS 38.901. In dense urban, we consider the high-mobility case, i.e., speed of UE = 60 km/h. The evaluation assumptions can be found in the appendix. 
The simulation results for indoor hotspot and dense urban are provided as a function of number of beams per group in a report instance and can be found in Table 1 and Table 2 respectively. Rel-15 group based reporting (up to 1 beam for each of 2 UE panels is reported) is considered as baseline. From the evaluation results, it can be observed that increase number of beams per group can bring performance benefit due to combat blockage and UE mobility. Specifically, we have the further observation as follows.
· With the increase of the number of beams to be reported M from only 1 to 4, the performance gain of 7.7% and 5.6% in terms of average UPT can be observed in indoor hotspot and dense urban. 
· For 5% cell edge UE in dense urban, we can find the performance gain of 36.8% compared with Rel-15 group based reporting, which proves that the increase of candidate beams for each UE panel can distinctly enhance the performance of cell-edge UE with high mobility and be against the blockage and UE mobility. 
Table 1	SLS for Option 1 (antenna group based reporting) with M beams per group to be reported and N groups in indoor hotspot
	UPT (Mbps)
	 mean
	5%-ile
	50%-ile
	95%-ile

	(N = 2 group, M = 1 beam)
i.e., Rel-15 group reporting
	89.48
(100%)
	52.02
(100%)
	79.20
(100%)
	176.47
(100%)

	(N = 2 group, M = 2 beams)
	93.34
(+4.3%↑)
	55.50
(+6.7%↑)
	84.19
(+6.3%↑)
	182.06
(+3.2%↑)

	(N = 2 group, M = 4 beams)
	96.36
(+7.7%↑)
	55.82
(+7.3%↑)
	84.82
(+7.1%↑)
	183.05
(+3.7%↑)


Table 2	SLS for Option 1 (antenna group based reporting) with M beams per group to be reported and N groups in dense urban
	UPT (Mbps)
	 mean
	5%-ile
	50%-ile
	95%-ile

	(N = 2 group, M = 1 beam)
i.e., Rel-15 group reporting
	83.42
(100%)
	13.47
(100%)
	77.65
(100%)
	165.66
(100%)

	(N = 2 group, M = 2 beams)
	86.19
(+3.3%↑)
	15.15
(+12.5%↑)
	80.86
(+4.1%↑)
	170.71
(+3.0%↑)

	(N = 2 group, M = 4 beams)
	88.09
(+5.6%↑)
	18.42
(+36.8%↑)
	81.40
(+4.8%↑)
	170.07
(+2.7%↑)


For Option 2 (beam group based reporting), LLS evaluation results can be found in our companion contribution [2]. Similar to the above simulation results for Option 1, we also can observe that, with the increase of number of groups and/or number of beams within a group, significant performance gains to combat blockage and UE mobility can be observed for Option 2 (beam group based reporting).
Besides, up to 2 groups (e.g., UE panels) in Rel-15 group reporting are also unsuitable for the enhanced UE in Rel-16. Three or four UE panels may be applied to a handheld device, e.g., mobile phone. Regarding EVM for multi-beam operation in Item-1 of this FeMIMO, evaluation assumption of 3 UE panels (left, right, and back) has also been agreed for subsequent evaluation. That means that the number of groups N and the number of beams in a group M should also be enhanced, and it can be assumed as a starting point that N and M are up to 4, i.e., to consider up to 4 panels, and up to 4 candidate beams per UE panel (for Option 1), or up to 4 candidate beam groups for transmission (for Option 2)
Observation 2: From the evaluation results for group based reporting, it can be observed that:
· Increase number of beams per group for Option 1 and increase number of groups for Option-2 can bring significantly higher performance gain to combat blockage and UE mobility, especially for cell-edge UE in dense urban, through improving system flexibility with more candidate beams.
· Increase number of groups for Option 1 and increase number of beams per group for Option 2 can be more suitable for advanced UE with 3, 4 or more panels.
Proposal 3:  Extension of Rel-15 group based beam reporting should be considered to support more Tx beams and/or more groups to be reported in Rel-17 NR-FeMIMO.
· Regarding Option 1 (antenna group based reporting), UE can be configured to report N (N= 2, 3, 4) groups and M (M =1, 2, 3, 4) beams per group.
· Regarding Option 2 (beam group based reporting), UE can be configured to report N (N=1, 2, 3, 4) groups and M (M = 2, 3, 4) beams per group.
2.3 CSI framework for multi-TRP based beam measurement
Consideration on constraints of TRP antenna panels should be taken for selecting Tx beam(s) for downlink, like the maximum number of SRS resource sets that can be configured for UL beam management in NR Rel-15. For instance, Tx beams generated from one Tx panel cannot be transmitted simultaneously. Therefore, enhanced signaling or configuration would allow gNB to inform this kind of information of UE for beam reporting. 
· For one TRP, there may have more than one TRP panels, but these multiple panels often share the same boresight and similar large-scale channel properties. If beam management is done for each individual panel, the overheads of beam measurement and reporting per Tx panel per TRP is very high and NOT necessary. 
· Therefore, from beam management perspective, these TRP panels from one same TRP can be represented by one out of these panel, and the beam(s) generated by the selected panel can be virtualized as one group, in which no more than N beams can be simultaneously transmitted, where N depends on gNB capability. Furthermore, in multi-TRP case, gNB can configure multiple groups, respectively, each of which is associated with one TRP.
Consequently, when a UE selects beams for simultaneous receiving in group based beam reporting, the selection rules should follow the constraint that the number of these beams (to be reported for simultaneous reception) from the same TRP should satisfy its capability of simultaneous transmission, e.g., no more than N. 
· One example for multi-beam measurement in multi-panel/TRP case can be found in Figure 1, where there are two TRPs that are deployed with 4 panels and 1 panel, respectively. For TRP-1, only one panel is used for generating candidate Tx beam(s) for sweeping, rather than the whole 4 panels.
Observation 3: For one TRP, there may have multiple TRP panels sharing the same boresight and similar large scale properties, and consequently beam measurement for one out of the multiple panels (instead of each of the panels) is sufficient for supporting the subsequent CSI acquisition and data transmission.
· In such case, the overhead of measurement RS and UL reporting can be significantly saved compared with per-panel per-TRP measurement.


 Figure 1 DL multi-beam measurement scenario for multi-TRP transmission with multi-panel reception
Consequently, information on simultaneous transmission capability from each of TRP can be indicated for the assist of DL beam determination in UE reporting and facilitating inter-TRP beam pairing. In general, according to offline discussion in RAN1#102-e, there are two following options for providing the above information by gNB.
· Opt-1: an ID, e.g., TRP ID, is introduced for CSI framework, and a CSI-RS resource can be configured with the ID directly.
· Opt-2: A CSI-RS resource set corresponds to a TRP transparently, and for multi-TRP case, more than one CSI-RS resource sets can be configured for CSI resource setting.
The two related examples are shown as follows.
	· Example 1: introduce higher-layer configured indices (labelled SSI, for discussion purpose only) configured to CMR resources, where UE is requested to report beams with the same or different SSIs within a reported group
· Example 2: One CSI resource setting can be configured with multiple CSI-RS resource sets (each of which corresponds to a TRP transparently), with a restriction/requirement for group based report.  
· E.g.-1 the maximum number of CSI-RS in a set to be reported in a group, e.g.,1, 2 or 4. 
· E.g.-2, each set should be with at least one CSI-RS resource to be reported, if multiple CSI-RS resources reported in a group.


From our perspective, when down-selecting above options for informing the TRP-related information to UE side from gNB side, consideration on flexible CSI framework in NR should be well taken. Specifically, there is NOT unique/fixed mapping between a CSI-RS resource and CSI-RS resource set/setting, and instead one CSI-RS resource can be mapped into more than one different CSI-RS resource set by NR CSI framework. But, if going with Opt-1, there is a strong restriction that a CSI-RS resource, e.g., aperiodic CSI-RS, can NOT be shared with different TRP(s).  Therefore we prefer Opt-2.
· Regarding Option 1 (antenna group based reporting), some further studies on the reporting restriction/requirement, e.g., mapping between a TRP and a UE panel, are needed.
· Regarding Option 2 (beam group based report), we have the the following restriction/requirement, i.e., above Example 2.
· The maximum number of CSI-RS in a set, e.g., 1, 2 or 4, can be reported in a group. That corresponds to the TRP related simultaneous transmission capability.
· Each set should be with at least one CSI-RS resource to be reported for facilitating inter-TRP beam pairing.
Proposal 4: A CSI-RS resource set corresponds to a TRP transparently, and for multi-TRP operation, more than one CSI-RS resource sets can be configured for CSI resource setting.
· The following restriction/requirement can be configured for beam group based report (i.e., different RSs within a reported group can be received simultaneously).
· Reporting restriction-1: the maximum number of CSI-RS in a set, e.g., 1, 2 or 4, to be reported in a group, in order to inform TRP related simultaneous transmission capability implicitly.
· Reporting restriction-2: at least one CSI-RS resource from one CSI-RS resource set to be reported for facilitating inter-TRP beam pairing.
· FFS: restriction/requirement for antenna group based reporting (i.e., different RSs from different reported group can be received simultaneously)
3. Enhancement(s) on TRP-specific beam failure recovery
In this section, some enhancements including prioritization/roadmap of enhancing TRP-specific beam failure recovery (BFR), framework of TRP-specific BFR, beam failure detection (BFD), new candidate beam indication (NBI), PUCCH-SR, and UE behavior after receiving gNB response are elaborated for TRP-specific beam recovery. 
3.1 Prioritization of enhancing TRP-specific BFR
In RAN1#103-e, there was some discussion about whether sDCI-mTRP or mDCI-mTRP should be considered in TRP-specific BFR. From our perspective, R16 mDCI-mTRP case should be with high priority considering non-ideal backhaul, but other cases such as R16 sDCI-mTRP and R17 mTRP enhancement for PDCCH/PUSCH/PUCCH repetition can be postponed. Specifically we have the following analysis. 
· Regarding R16 mDCI-mTRP, it may be applied to non-ideal backhaul scenarios, and it means that different TRPs are operated separately. Therefore, once a TRP fails, recovering this link directly by the TRP may be difficult. As a result, the benefit of enhancing mDCI-mTRP to support TRP-specific BFR is clear. Also, due to the existing RRC parameter CORESETPoolIndex for each of TRP, there may be limited spec impact for enhancing this function.
· Regarding R16 sDCI-mTRP, there should be ideal backhaul between TRPs in general. In such case, once a TRP fails, gNB still can well handle this issue through initializing beam measurement and reporting for this failed TRP. It should be noticed that based on RAN4 inputs, the latency of BFR is about 100 ms, and it means that if the gNB can initialize the corresponding beam measurement and reporting, the lower latency compared with BFR can be observed. As a result, we prefer to de-prioritize this issue.
· Regarding R17 mTRP, the solutions for PDCCH/PUSCH/PUCCH are still unclear, and we may need to consider whether we need to enhance BFR for those cases after the corresponding R17 enhancements are stable.
Proposal 5: Regarding TRP-specific BFR, 
· R16 mDCI-mTRP case should have high priority, considering non-ideal backhaul.
· Other cases, such as R16 sDCI-mTRP and R17 mTRP (spatial repetition for PDCCH/PUSCH/PUCCH), are postponed after R16 mDCI-mTRP is stable.
3.2 Framework of TRP-specific BFR in mDCI-mTRP
In this section, we briefly describe TRP-specific BFR framework under mDCI-mTRP. The illustration of framework for TRP-specific BFR in mDCI-mTRP case can be found in Figure 2.
· Beam failure detection (BFD)
· UE can be configured two separate sets of BFD RS, q_0, associated with respective TRPs having different values of CORESETPoolIndex, for beam failure detection. If the radio link quality for all RSs in one set q_0 is worse than the threshold, the beam failure event of the TRP with the same CORESETPoolIndex is declared, and BFR procedure needs to be performed for the TRP.
· New beam identification (NBI)
· UE can be configured two separate sets of NBI RS, q_1, associated with different TRPs having different values of CORESETPoolIndex, for new candidate beam identification. According to the above beam failure detection, the UE finds out q_new(s) with corresponding L1-RSRP measurement(s) that are larger than or equal to the threshold in set q_1 which is associated to the same CORESETPoolIndex as the TRP experiencing the beam failure event. 
· More details about BFD and NBI can be found in Section 3.3.
· Beam failure recovery request (BFRQ)
· In RAN1#103-e, supporting a BFRQ framework based on Rel-16 SCell BFR BFRQ has been agreed. A UE can be provided up to two configuration for PUCCH-SR for beam recovery request (more details can be found in Section 3.4). The UE informs the beam failure through the corresponding PUCCH-SR, and requests the gNB to allocate a PUSCH resource accordingly. Upon receiving the response from gNB, the UE can transmit a MAC CE providing _new, failed TRP ID (i.e., CORESETPoolIndex), etc in the PUSCH resource.
· Besides, as a special case, when a SPCell is configured with two TRPs, a PRACH procedure for BFRQ may be initialized. More details about the condition to trigger PRACH can be found in Section 3.6.
· gNB response for BFRQ
· As used for SCell-BFR, toggling NDI with the same HARQ procedure ID as the PUSCH carrying MAC-CE is reused as a baseline.
· UE behaviour after receiving gNB response
· After receiving gNB response, the UE will monitor PDCCHs in all CORESETs with the same CORESETPoolIndex, using the same antenna port quasi co-location parameters as q_new, and transmit PUCCH to the failed TRP using the same spatial domain filter as q_new. Then, UL power control parameter(s) corresponding to PUCCH are updated accordingly, and we can further study the UE behavior for PUSCH and SRS transmission after receiving gNB response.
· The details of beam update of CORESET/PUCCH can be found in Section 3.5.


Figure 2 Framework for TRP-specific BFR in mDCI-mTRP
3.3 BFD and NBI
As mentioned above, for the non-idea backhaul scenario in Rel-16 mDCI-mTRP, different TRPs are operated separately. So, for a UE, it is quite likely that different Rx-beams are needed to receive DL channel or RS from different TRPs. Considering that BFD RS is used to detect the channel quality of beam pair link corresponding to PDCCH, the UE should be configured with multiple separate BFD RS sets, q_0(s), applied for different TRPs. Therefore, it is necessary to introduce a “TRP-ID” to distinguish multiple configured q_0(s).
In Rel-16, in order to distinguish signaling and data from different TRPs effectively, especially DCI (or PDCCH), RRC parameter CORESETPoolIndex has been agreed to be introduced. Compared with the introduction of a new “TRP-ID”, using CORESETPoolIndex as “TRP-ID” directly has less spec impact. Therefore, CORESETPoolIndex is recommended to distinguish different TRPs in the mDCI-mTRP case.
Further, for mDCI-mTRP, explicit and implicit methods for determining BFD RS per TRP should be supported.
· Explicit: two separate q_0(s) are configured per CORESETPoolIndex.
· Implicit: q_0 is determined according to TCI states of CORESETs per CORESETPoolIndex.
Similarly, TRP-specific NBI RS may also be needed, which means that the size of NBI RS set, q_1, is likely to be smaller than before. Thereby, it is beneficial for the UE to find a new candidate beam faster and save power consumption. Thus, for mDCI-mTRP, explicit method for determining NBI RS per TRP should be further supported.
· Explicit: two separate q_1(s) are configured per CORESETPoolIndex.
Proposal 6:  Support TRP-specific BFD RS and NBI RS through associating CORESETPoolIndex with BFD RS and NBI RS in mDCI-mTRP.
· For BFD, explicit and implicit methods are both supported for determining BFD RS per CORESETPoolIndex 
· Explicit: Two separate BFD RS sets, q_0(s), are configured per CORESETPoolIndex, and a RS of each of q_0(s) should be QCL-ed with a CORESET with  a CORESETPoolIndex corresponding to the  q_0
· Implicit: Two separate BFD RS sets, q_0(s), are determined according to TCI states of CORESETs per CORESETPoolIndex 
· For NBI, two separate NBI RS sets, q_1(s), can be explicitly configured per CORESETPoolIndex 
In RAN#103-e, it has been agreed that unified TCI state is indicated or updated by DCI, and it means that the Rx-beam of PDCCH can be updated dynamically, just like PDSCH. But, BFD RS is still reconfigured through RRC signaling. Such different latency of dynamic signaling and RRC signaling would cause misalignment to BFD. Specifically, when the beam of PDCCH is updated by DCI, the current q_0 may not be suitable for BFD any more. Therefore, updating BFD RS based on a dynamic signaling should be supported.
· As a starting point, updating BFD RS through MAC-CE signaling can be considered. 
· For mDCI-mTRP, BFD RS and CORESETPoolIndex may need to be included in the MAC-CE. 
· Alternatively, for less spec impact, reusing the MAC-CE signaling activating TCI state for unified TCI state pool can be considered. For example, BFD RSs in a q_0 can be determined according to N (N<=8) TCI states activated by MAC-CE signaling for unified TCI framework. 
Proposal 7: Introduce a new MAC-CE to activate BFD RS(s) dynamically, in order to guarantee the same timeline between PDCCH beam update and explicit BFD RS configuration.
3.4 PUCCH-SR
In RAN1#103-e, PUCCH-SR for TRP-specific beam recovery has been discussed, and the following agreement was reached. In this section, we discuss the number of dedicated PUCCH-SR resources in a cell group.
	Agreement
· Support a BFRQ framework based on Rel.16 SCell BFR BFRQ 
· In RAN1#104-e, select one from the following options
· Option 1: Up to one dedicated PUCCH-SR resource in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: number of spatial filters associated with the PUCCH-SR resources  
· FFS: How the SR configuration is done
· Option 2:  Up to two (or more) dedicated PUCCH-SR resources in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: whether each PUCCH-SR resource is restricted to be associated to one spatial filter
· FFS: How the SR configuration is done
· FFS: Whether no dedicated PUCCH-SR resource can be supported in addition to Option 1 or Option 2
· Study whether and how to provide the following information in BFRQ MAC-CE 
· Index information of failed TRP(s)
· CC index (if applicable)
· New candidate beam index (if found)
· Indication whether new beam(s) is found 
· FFS: whether/how to incorporate multi-TRP failure


In FR2, PUCCH beam should correspond to CORESET beam. It means that if beam failure occurs for a TRP, the PUCCH resource related to the TRP may NOT be transmitted to gNB. Therefore, from spec perspective, we should support up to 2 dedicated PUCCH-SR resources in a cell group. Each of resources can be implicitly associated with a TRP, e.g., through configuring spatialRelationInfo. For maximizing gains of spatial diversity, the PUCCH-SR for a TRP should be associated with a spatial domain filter pointing to another TRP. 
· For mDCI-mTRP, association between one of PUCCH-SR resource(s) and CORESETPoolIndex can be configured by RRC, when up to two (or more) dedicated PUCCH-SR resources in a cell group is configured.


Figure 3 Each TRP is associated with a dedicate PUCCH-SR resource
But, taking into account FR1+FR2 case or FR1-only case, the necessity of configuring 2 different PUCCH-SR seems unclear. Therefore, we support Option 2: Up to two (or more) dedicated PUCCH-SR resources in a cell group.
Besides, there is on-going discussion about enhancements of PUCCH transmitted on other SCell(s) besides SPCell, in Rel-17 WID on Enhanced Industrial Internet of Things (IoT) and URLLC. Once that this enhancement is stable, we can consider to boost the robustness and configuration flexibility of PUCCH-SR(s) for BFR accordingly.
Proposal 8:  Regarding BFRQ for TRP-specific BFR, Option 2: Up to two (or more) dedicated PUCCH-SR resources in a cell group is supported, in order to handle the case that PUCCH transmission corresponding to a failed TRP may also fail.
· When up to two (or more) dedicated PUCCH-SR resources in a cell group are configured, association between one of PUCCH-SR resource(s) and CORESETPoolIndex should be supported for mDCI-mTRP.
3.5 UE behavior after receiving gNB response
After receiving response from gNB side, the UE shall update the beam only for CORESET and PUCCH corresponding to each failed TRP respectively. The beam for CORESET and PUCCH corresponding to non-failed TRP should not be updated. Therefore, we need to set up the relationship between two candidate RS sets and two sets of CORESET/PUCCH as shown in Figure 2. 
· We can configure CORESETPoolIndex for a PUCCH group configured for updating spatial relation simultaneously.
· Besides, when the UE can NOT select a new candidate RS for a failed TRP, the UE can deactivate the failed TRP and stop reporting HARQ-ACK for the failed TRP. 
Proposal 9: The beam for CORESET/PUCCH should be updated according to a reported candidate RS, only if the CORESET/PUCCH is associated with the same CORESETPoolIndex corresponding to BFD and NBI RS sets.
· CORESETPoolIndex is introduced for PUCCH configuration, in order to initialize TRP-specific CORESET and PUCCH’s beam update
· Deactivating CORESET(s) associated with the same CORESETPoolIndex, if no candidate RS can be identified.
3.6 The condition to trigger PRACH for TRP-specific BFR
In Rel-16, PUCCH-SR for BFR is transmitted in the case that at least one of SCell-BFR procedure is triggered and there is no available PUSCH. In general, PUCCH-SR is transmitted on SPCell. In other words, for the SCell-BFR procedure, we have a basic assumption that SPCell does not experience any beam failure in such a case. 
When SPCell is configured with two TRPs, the condition to trigger PRACH for BFR should be studied further considering reserved dedicate PRACH resource(s), co-ordination between two TRPs and recovery delay. There are following candidate schemes: 
· Scheme 1: PRACH is triggered as long as any one TRP of SPCell fails or the two TRPs of SPCell fail.
· Scheme 2: PRACH is triggered only when both TRPs of SPCell fail. If only one TRP of SPCell fails, the UE shall transmit MAC-CE/PUCCH-SR for BFR to another TRP as Rel-16 SCell-BFR procedure. 
· Scheme 3: PRACH is triggered as long as primary TRP (e.g., TRP-0) of SPCell fails or two TRPs of SPCell fail. Thus, if another TRP (e.g., TRP-1) fails, the UE shall transmit BFR MAC-CE/PUCCH-SR to TRP0. 
In general, the recovery delay using dedicated PRACH resources is smaller than using PUCCH-SR and MAC-CE for BFR, but the dedicated PRACH resources require more UL resources compared with PUCCH-SR and MAC-CE for BFR. 
· Compared with Scheme 1, both Scheme 2 and Scheme 3 require less dedicate PRACH resources, but they require a large recovery delay and some co-ordination between two TRPs.  
· Furthermore, compared with Scheme 2, Scheme 3 requires more dedicate PRACH resources, but the recovery delay of primary TRP can be reduced. 
In a word, we have the following summary for above three schemes:
· Latency: Scheme-1 < Scheme-3 < Scheme-2
· UL resource overhead: Scheme-2 <  Scheme-3 <  Scheme-1
· Co-ordination between TRPs: Scheme-1 < Scheme-3 < Scheme-2
Proposal 10: TRP-specific BFR procedure can be applied to SPCell(s) besides SCell(s).
· FFS: condition to trigger PRACH for TRP-specific BFR in an SPCell, e.g., any TRP(s) fails, all TRPs fail or just a specific TRP fails.
4. Enhancement(s) on simultaneous transmission with multi-panel reception
In this section, the enhancement(s) on simultaneous transmission with multi-panel reception, including antenna group/panel indication for DL transmission and simultaneous transmission of different DL channel(s) and RS(s), are discussed.
4.1 Antenna group/panel indication for DL transmission
In order to achieve an effective multi-panel operation, the enhancements on associating the DL transmission with antenna group(s) should be considered. One Tx beam may be received by different UE antenna group(s) with corresponding UE Rx beams, and consequently there may be some ambiguities between gNB and UE sides about which UE antenna group(s) are used when only the TCI state (i.e., DL Tx beam) is indicated for a DL transmission. Subsequently, considering that different DL channel(s) or RS(s) with different antenna group(s) may be received simultaneously, associating the DL transmission with the antenna group(s) is beneficial for specifying whether/when the different DL channel(s) and RS(s) can be transmitted simultaneously.
· Note that the DL channel(s) and RS(s) with different spatial QCL parameters and same antenna group may NOT be received simultaneously. 
· Note that the DL channel(s) and RS(s) with different spatial QCL parameters and different antenna groups may be received simultaneously. 
Regarding the antenna group/panel indication for DL transmission, the spatial QCL parameter in the TCI state can be further configured with an antenna group/panel ID. When the TCI state is applied to a DL transmission, the Rx spatial domain filter of receiving the DL transmission should be generated by the UE Rx panel indicated by the antenna group ID.
Alternatively, for non-ideal backhaul or mDCI-mTRP, dynamic beam indication for transmission/reception sharing the same antenna group among multiple TRPs is very difficult considering the constraint of simultaneous transmission. Consequently, when multiple CORESET group IDs are configured in a UE, the different CORESET group(s) and the associated transmission resource(s), e.g., the scheduled PDSCH and AP-CSI-RS, can be associated with respective antenna group(s), and the subsequent beam management for a CORESET group is only performed based on its associated antenna groups until re-associating. 
Proposal 11:  In multi-panel reception, DL channel(s) and RS(s) can be associated with the information about antenna group(s).
· Study mechanism(s), e.g., associating CORESET group(s) or TCI state(s) with antenna group(s).
4.2 Simultaneous transmission of different DL channel(s) and RS(s)
In NR Rel-16, 2-Tx-beam transmission is supported, but the collision rules for different DL Tx beam(s) at a given time instant are still based on the single DL Tx beam transmission, i.e., according to Rel-15. With the support of multi-panel operation for DL transmission, it is assumed that DL channels or RSs from the same or different CCs (or TRPs) can be received with different spatial QCL parameters simultaneously, according to the UE capability. Furthermore, considering constraints of antenna group(s), different spatial QCL parameters should be associated with respective antenna groups, e.g., panel, of the UE side as one condition.
· For instance, for a multi-panel UE, there can be only one spatial QCL parameter applied for a single antenna group at a given time instant.
· Additionally, different spatial QCL parameters can be applied to the different antenna groups at a given time instant. As shown in Figure 4, DL channel/RS-0 and DL channel/RS-1 should be transmitted simultaneously based on two different gNB Tx beams, i.e., the green beam and the blue beam, respectively. Herein, the two different gNB Tx beams corresponds the panel-0 and panel-1 (or panel-1 and panel-0), respectively.
[image: 图片1]
Figure 4 Simultaneous transmission of different channel(s) and RS(s) based on different beams and different panels
However, different spatial QCL parameters of different DL channel(s) and RS(s) may be applied to the same antenna group at a given time instant in some cases. For example, as shown in Figure 5, in a non-ideal backhaul scenario (e.g., multi-DCI in multi-TRP), the UE rotates at a given time instant, and only panel-0 faces to 2 TRPs. Thereby, for the reception of DL channel/RS-0 and DL channel/RS-1, the two best (Rx) beam are likely to be associated with panel-0. With this collision, the UE fails to receive the DL channel(s) and RS(s) simultaneously due to the restriction of its capability. In order to avoid such dynamical collisions, one straightforward way is that the gNB shall always transmit the different DL channel(s) and RS(s) with different spatial QCL parameter by TDMed scheme, e.g., go back to Rel-15 design. No doubt that this approach does not achieve any performance gain through using DL simultaneous reception with multiple UE antenna groups, and meanwhile it also greatly limits the flexibility of the gNB scheduling.
[image: 图片2] 
Figure 5 Transmission of different channel(s) and RS(s) based on different beams and the same panel for a multi-panel UE
Therefore, in order to ensure the flexibility of the gNB scheduling, it is necessary to study mechanism or rules that can resolve such collisions. Straightforwardly, the UE can prioritize the reception of a DL channel or RS with higher priority. Alternatively, when the reliability requirement for receiving these two DL channel or RS is low, the UE can use a predefined beam (or default beam) to receive these two DL channel or RS, e.g., a wider beam can be used as a predefined beam. Additionally, considering that 2 panels may be in active state at the same time, so, the other active panel can be used to be receive the other DL channel or RS (with lower priority). For instance, as shown in Figure 5, when the two best (Rx) beam are associated with panel-0, the UE can use panel-0 to receive the DL channel or RS with higher priority based on this best beam, at the same time, the UE can use panel-1 to receive the other DL channel or RS with lower priority based on a predefined beam. Furthermore, the following cases for simultaneous transmission of different DL channel(s) and RS(s) can be studied: PDCCH+PDSCH, PDSCH+PDSCH, PDSCH+CSI-RS, CSI-RS+CSI-RS, etc.
Proposal 12:  In the case of multi-TRP transmission with UE multi-panel reception, at least one of the following methods should be considered when beam collision between different DL channel(s) and RS(s) occurs. 
· Alt 1: UE can prioritize the reception of a DL channel or RS with higher priority.
· Alt 2: UE can use a predefined beam to receive the conflicting DL channels or RSs.
· Alt 3: UE can use the indicated beam and corresponding panel to receive the DL channel or RS with higher priority, and meanwhile UE can use the other active panel and a predefined beam to receive the other DL channel or RS with lower priority.
· FFS: definition of beam collision between different DL channel(s) and RS(s), e.g., different QCL Type D RS(s) under the same panel.
5. Conclusion
In this contribution, we provide the observations and proposals for enhancements on beam management for multi-TRP.
Observation 1: Considering delay tolerant information for paring gNB Tx beam and UE panel, the benefit of CAT-2 enhanced solution(s) for multiple CSI reports (i.e., Option 3) is unclear for non-ideal backhaul, although the complexity of CSI configuration and reporting may be increased significantly due to associating reporting instances.
Observation 2: From the evaluation results for group based reporting, it can be observed that:
· Increase number of beams per group for Option 1 and increase number of groups for Option-2 can bring significantly higher performance gain to combat blockage and UE mobility, especially for cell-edge UE in dense urban, through improving system flexibility with more candidate beams.
· Increase number of groups for Option 1 and increase number of beams per group for Option 2 can be more suitable for advanced UE with 3, 4 or more panels.
Observation 3: For one TRP, there may have multiple TRP panels sharing the same boresight and similar large scale properties, and consequently beam measurement for one out of the multiple panels (instead of each of the panels) is sufficient for supporting the subsequent CSI acquisition and data transmission.
· In such case, the overhead of measurement RS and UL reporting can be significantly saved compared with per-panel per-TRP measurement.
Proposal 1: Support both Option 1 (antenna group based reporting) and Option 2 (beam group based reporting) for multi-TRP operation.
· Option 1 (antenna group based reporting) is used for mDCI-mTRP and/or facilitating panel-specific DL and UL beam management via RSRP reporting;
· Option 2  (beam group based reporting) is used for sDCI-mTRP and/or optimizing inter-beam inference in SINR reporting
· Information on grouping one or more RS(s) (e.g., beam group ID, or antenna group ID) can be reported along with RS ID(s) and RSRP/SINR in a report instance.
Proposal 2: Further study benefits and identify usages of Option 3 in multi-TRP operation, compared with Option 1 and Option 2.
Proposal 3:  Extension of Rel-15 group based beam reporting should be considered to support more Tx beams and/or more groups to be reported in Rel-17 NR-FeMIMO.
· Regarding Option 1 (antenna group based reporting), UE can be configured to report N (N= 2, 3, 4) groups and M (M =1, 2, 3, 4) beams per group.
· Regarding Option 2 (beam group based reporting), UE can be configured to report N (N=1, 2, 3, 4) groups and M (M = 2, 3, 4) beams per group.
Proposal 4: A CSI-RS resource set corresponds to a TRP transparently, and for multi-TRP operation, more than one CSI-RS resource sets can be configured for CSI resource setting.
· The following restriction/requirement can be configured for beam group based report (i.e., different RSs within a reported group can be received simultaneously).
· Reporting restriction-1: the maximum number of CSI-RS in a set, e.g., 1, 2 or 4, to be reported in a group, in order to inform TRP related simultaneous transmission capability implicitly.
· Reporting restriction-2: at least one CSI-RS resource from one CSI-RS resource set to be reported for facilitating inter-TRP beam pairing.
· [bookmark: _GoBack]FFS: restriction/requirement for antenna group based reporting (i.e., different RSs from different reported group can be received simultaneously)
Proposal 5: Regarding TRP-specific BFR, 
· R16 mDCI-mTRP case should have high priority, considering non-ideal backhaul.
· Other cases, such as R16 sDCI-mTRP and R17 mTRP (spatial repetition for PDCCH/PUSCH/PUCCH), is postponed after R16 mDCI-mTRP is stable.
Proposal 6:  Support TRP-specific BFD RS and NBI RS through associating CORESETPoolIndex with BFD RS and NBI RS in mDCI-mTRP.
· For BFD, explicit and implicit methods are both supported for determining BFD RS per CORESETPoolIndex 
· Explicit: Two separate BFD RS sets, q_0(s), are configured per CORESETPoolIndex, and a RS of each of q_0(s) should be QCL-ed with a CORESET with  a CORESETPoolIndex corresponding to the  q_0
· Implicit: Two separate BFD RS sets, q_0(s), are determined according to TCI states of CORESETs per CORESETPoolIndex 
· For NBI, two separate NBI RS sets, q_1(s), can be explicitly configured per CORESETPoolIndex 
Proposal 7: Introduce a new MAC-CE to activate BFD RS(s) dynamically, in order to guarantee the same timeline between PDCCH beam update and explicit BFD RS configuration.
Proposal 8:  Regarding BFRQ for TRP-specific BFR, Option 2: Up to two (or more) dedicated PUCCH-SR resources in a cell group is supported, in order to handle the case that PUCCH transmission corresponding to a failed TRP may also fail.
· When up to two (or more) dedicated PUCCH-SR resources in a cell group are configured, association between one of PUCCH-SR resource(s) and CORESETPoolIndex should be supported for mDCI-mTRP.
Proposal 9: The beam for CORESET/PUCCH should be updated according to a reported candidate RS, only if the CORESET/PUCCH is associated with the same CORESETPoolIndex corresponding to BFD and NBI RS sets.
· CORESETPoolIndex is introduced for PUCCH configuration, in order to initialize TRP-specific CORESET and PUCCH’s beam update
· Deactivating CORESET(s) associated with the same CORESETPoolIndex, if no candidate RS can be identified.
Proposal 10: TRP-specific BFR procedure can be applied to SPCell(s) besides SCell(s).
· FFS: condition to trigger PRACH for TRP-specific BFR in an SPCell, e.g., any TRP(s) fails, all TRPs fail or just a specific TRP fails.
Proposal 11:  In multi-panel reception, DL channel(s) and RS(s) can be associated with the information about antenna group(s).
· Study mechanism(s), e.g., associating CORESET group(s) or TCI state(s) with antenna group(s).
Proposal 12:  In the case of multi-TRP transmission with UE multi-panel reception, at least one of the following methods should be considered when beam collision between different DL channel(s) and RS(s) occurs. 
· Alt 1: UE can prioritize the reception of a DL channel or RS with higher priority.
· Alt 2: UE can use a predefined beam to receive the conflicting DL channels or RSs.
· Alt 3: UE can use the indicated beam and corresponding panel to receive the DL channel or RS with higher priority, and meanwhile UE can use the other active panel and a predefined beam to receive the other DL channel or RS with lower priority.
· FFS: definition of beam collision between different DL channel(s) and RS(s), e.g., different QCL Type D RS(s) under the same panel.
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7. Appendix: 
Table 3 Simulation assumptions for indoor-hotspot system-level evaluation
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	80MHz

	Subcarrier Spacing
	120kHz

	Channel Model
	Indoor in TR 38.900

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.

	Constraints for the range of selective beams per TRP sector
	Two UE panels are attached with two respective TRP.

	ISD
	20m

	BS Tx power
	23dBm

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,2,1,1), (dV,dH) = (0.5, 0.5)λ
Boresight direction is perpendicular to the ceiling

	UE Configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180; The polarization angles are 0 and 90

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, ΩUT, = 0 degree

	BS antenna pattern
	See wall-mount in Table A.2.1-7 in TR 38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	BS antenna height
	3m

	UE antenna height
	1.5 m

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

	UE distribution
	100% Indoor, 3km/h,
10 users per BS 

	UE receiver type
	MMSE-IRC 

	Transmission scheme
	SU, Rank adaptation 


Notes: Any other parameters not specified here remain the same as those in NR evaluation assumption for beam management in Rel-16 eNR-MIMO.

Table 4 Simulation assumptions for dense urban system-level evaluation
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	80MHz

	Subcarrier Spacing
	120kHz

	Channel Model
	Dense Urban Micro layer only in TR 38.900

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.

	Constraints for the range of selective beams per TRP sector
	Two UE panels are attached with two respective TRP.

	ISD
	200m

	BS Tx power
	43dBm

	BS Antenna Configuration
	[bookmark: _Hlk526726552](M, N, P, Mg, Ng) = (4, 8, 2, 1, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ


	UE Configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180; The polarization angles are 0 and 90

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, ΩUT, = 0 degree

	BS antenna pattern
	According to TR38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	BS antenna height
	25m

	UE antenna height
	1.5 m

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

	UE distribution
	100% Indoor, 60km/h,
10 users per BS 

	UE receiver type
	MMSE-IRC 

	Transmission scheme
	SU, Rank adaptation 


Notes: Any other parameters not specified here remain the same as those in NR evaluation assumption for beam management in Rel-16 eNR-MIMO.
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