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Introduction
In Rel-17 NR, in order to enhance the performance of multi-beam and multi-TRP operation, some solutions have been designed and agreed accordingly. Regarding the enhancement on multi-beam operation, the aspects of unified TCI framework for both DL and UL transmission, inter-cell beam management. Regarding the enhancement on multi-TRP operation, beam management for multi-TRP operation have been introduced for better performance and reliability. In this contribution, we provide our views on some further details of multi-beam and multi-TRP operation.
Unified TCI framework for downlink/uplink transmission with mTRP
Unified TCI is one of essential enhancement for beam management in Rel-17, as well as uplink transmission with mTRP. Whether unified TCI should be supported in mTRP scenario has been discussed during latest RAN1 meetings, and conclusions and agreement were reached as follows. 
	Conclusion (in RAN1#104-e) 
On Rel.17 unified TCI framework, based on the agreements in RAN1#102-e and 103-e, the following terms are defined as follows (at least for the purpose of discussion and reaching agreements). 
For M=1:
· DL TCI: The source reference signal(s) (analogous to Rel.15, two, if qcl_Type2 is configured in addition to qcl_Type1) in the DL TCI provides QCL information at least for UE-dedicated reception on PDSCH and all of CORESETs in a CC 
For N=1:
· UL TCI: The source reference signal in the UL TCI provides a reference for determining UL TX spatial filter at least for dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources in a CC
For M=N=1:
· Joint DL/UL TCI:  A TCI refers to at least a common source reference RS used for determining both the DL QCL information and the UL TX spatial filter.  
· Separate DL/UL TCI: The DL TCI and UL TCI are distinct (therefore, separate).
For M>1:
· DL TCI: Each of the M source reference signals (or 2M, if qcl_Type2 is configured in addition to qcl_Type1) in the M DL TCIs provides QCL information at least for one of the M beam pair links for UE-dedicated receptions on PDSCH and/or subset of CORESETs in a CC
For N>1:
· UL TCI: Each of the N source reference signals in the N UL TCIs provide a reference for determining UL TX spatial filter at least for one of the N beam pair links associated with dynamic-grant(s)/configured-grant(s) based PUSCH, and/or subset of dedicated PUCCH resources in a CC
For M>1 and/or N>1:
· Joint DL/UL TCI:  A TCI refers to at least a common source reference RS used for determining both the DL QCL information and the UL TX spatial filter. In this case, M=N.  
· Separate DL/UL TCI: The M DL TCIs and N UL TCIs are distinct (therefore, separate).
Note: Other TCI types/terms such as “common TCI” are not used.
Agreement (in RAN1#105-e) 
On Rel-17 unified TCI, in RAN1#106-e, for M>1 and/or N>1:
· Identify and agree on use cases 
· Decide whether to support M>1 and/or N>1, and if so, the maximum value of M and/or N
· If supported, identify feasible candidate schemes for beam indication signaling mechanism (including TCI state activation)
Note:
· Previous agreement in RAN1#104b-e that remaining unused DCI fields and codepoints are reserved in R17 are not to be reverted.
· The use case of simultaneous UL transmission from multiple UE panels are not to be considered in Rel-17 as it is out of scope
Conclusion (in RAN1#106-e)
· On Rel-17 unified TCI, for Rel-17, there is no consensus in supporting additional (M,N) values other than  (M,N)=(1,1)


M>1 and/or N>1 is supposed to apply M DL or N UL indicated TCI states to at least one DL or UL channel or signal respectively. In our views, M>1 and/or N>1 represent multiple TCI states indicated for updating source reference RS for DL or UL channels or signals corresponding to different TRPs. 
Note that although there is no consensus in supporting additional (M,N) values other than (M,N)=(1,1) in Rel-17, most companies realized it is important to support unified TCI framework in mTRP and multiple panel scenario. The details cannot be fully discussed in Rel-17 mainly due to lack of time, and it will probably be a key feature in next release. 
In this section, MAC CE design for activating DL/UL TCI states in mTRP, details on how to apply the indicated TCI state to the target channels/signals in mTRP scenario and power control enhancements for unified TCI based mTRP are analyzed. With these discussion in mind, we can try to make a good design for unified TCI in Rel-17 while considering as more requirements from mTRP as possible, such as design of MAC CE for activating DL/UL TCI states, design of TCI state pool in RRC, etc.
MAC CE design for activating DL/UL TCI states in mTRP
A UE can be configured “joint TCI state” or “separate DL/UL TCI state” via RRC signaling for property of DL/UL for an indicated TCI state. This would affect the type of codepoint of TCI states in MAC CE. 
· For “joint TCI state”, a TCI state can be used for both DL and UL, and the type of codepoint of TCI states can be unified DL and UL; 
· For “separate DL/UL TCI state”, a TCI state can be used for either DL or for UL, and the type of codepoint of TCI states can be one of: DL, UL, combined DL and UL. 
For MAC CE design, the type for each codepoint of TCI sates should be indicated. There are 3 values for “separate DL/UL TCI state” case, thus 2 bits are needed for each codepoint. In order to reduce overhead, numbers of each type can be indicated before the TCI state list, and the TCI state list is organized in a predefined order of types of codepoint of TCI states. For example, as shown in table 1, number of TCI state codepoints indication is used to indicate a number of type 1 (combined DL and UL) N1, a number of type 2 (DL) N2 and a number of type 3 (UL) N3. Number of TCI state codepoints indication can comprise 3 values for numbers for type 1, type 2 and type 3, or a joint-coded value for numbers for type 1, type 2 and type 3. Alternatively, number of TCI state codepoints indication can also indicate numbers of type 1 and type 2 only, but the number of type 3 can be deduced using the length of this MAC CE. 
Table 1 MAC CE for for activating DL/UL TCI states
	bit #7
	#6
	#5
	#4
	#3
	#2
	#1
	bit #0

	R
	Serving Cell ID
	BWP ID

	Number of TCI state codepoints indication (type1: N1, type2: N2, type3: N3)

	R
	TCI state type1_1_DL

	R
	TCI state type1_1_UL

	...

	R
	TCI state type1_N1_DL

	R
	TCI state type1_N1_UL

	...

	R
	TCI state type2_1_DL

	...

	R
	TCI state type2_N2_DL

	...

	R
	TCI state type3_1_UL

	...

	R
	TCI state type3_N3_UL



In mTRP scenario, the MAC CE comprises information to indicate S-DCI (single-DCI) or M-DCI (multiple-DCI). In the case of M-DCI, the MAC CE may comprise information to indicate CORESET pool ID. That means one MAC CE can be used for activating DL/UL TCI states for one TRP, as in Rel-16. In the case of S-DCI, the MAC CE may comprise information to indicate presence of additional TCI state for a second link in a codepoint. Link can be associated with TRP. The information of presence of additional TCI state for a second link in a codepoint indicates presence of additional TCI state for a second link in a codepoint for a same usage (DL or UL) as the TCI state for a first link. 
For example, as shown in figure 1, in the case that “separate DL/UL TCI state” is determined, and mTRP is supported with S-DCI, a TCI state entry (byte) may comprises a “C” or “R” bit and corresponding TCI state indication (7-bit). A TCI state can be for DL or for UL. The type of a codepoint of TCI states may comprise DL, UL, or combined DL and UL. A codepoint of TCI states may comprise one DL or UL TCI state, two DL or UL TCI states for two links (e.g. TRP0 and TRP1), two DL and one UL TCI states, two UL and one DL TCI states, or two DL and two UL TCI states. “C” bit in the TCI state entry for a first link indicates presence of additional TCI state for a second link in a codepoint with the same usage (for DL or UL) as the TCI state for the first link. 


Figure 1 TCI state list for mTRP with S-DCI
Proposal 1: Regarding MAC CE for activating DL/UL TCI states, 
· When separate DL/UL TCI state is configured, 3 types of codepoint of TCI states, such as DL, UL, combined DL and UL, should be supported in the MAC CE;
· The TCI state list should be organized in a predefined order of types of codepoint of TCI states in the MAC CE;
· Two independent values or one joint-coded value for numbers of two types of codepoint of TCI states should be indicated in the MAC CE.
Proposal 2: Regarding unified TCI state scheme in mTRP,
· mTRP requirement should be considered in MAC CE design for activating DL/UL TCI states;
· Information of presence of additional TCI state for another TRP for same DL/UL in a codepoint should be supported.
Unified TCI state applied to DL/UL channel/signal in mTRP
When a unified TCI state (source TCI state) indicated by a DCI format can be applied to (target) channel/signal of downlink and/or uplink in mTRP, the TRP related to the unified TCI state and the TRP related to the applied (target) channel/signal should be aligned. In the case of mTRP, a unified TCI state indicated by a TCI codepoint value in DCI format comprises one TCI state corresponding to one TRP (but no information on which TRP) or two TCI states corresponding to two TRPs. Meanwhile, the target channel/signal is also related to one or two TRPs. 
Then, there are the following cases which are needed to be considered for TCI state updating for the target channel/signal:
· Case 1: Unified TCI codepoint with a single TCI state is applied to one given TRP, and then target channel/signal related to a single TCI state transmission corresponds to the same TRP.
· Case 2: Unified TCI codepoint with two TCI states is applied to two given TRPs, and then target channel/signal related to a single TCI state transmission corresponds to one of the two given TRPs.
· Case 3: Unified TCI codepoint with a single TCI state is applied to one given TRP, and then target channel/signal related to two-TCI-state transmission corresponds to two TRPs that include the given TRP.
· Case 4: Unified TCI codepoint with two TCI states is applied to two given TRPs, and then target channel/signal related to two-TCI-state transmission corresponds to those two TRPs.
Straightforwardly, in mTRP scenario, a TCI state can be explicitly or implicitly associated with a TRP ID information, and the resource (set) of DL or UL control channels or reference signals can also be explicitly or implicitly associated with a TRP ID information, and then multiple (i.e. M/N) TCI states can be applied to the target DL or UL channels or signals according to the associated TRP ID information. 
Proposal 3: Regarding the unified TCI state/codepoint applied to the target channel/signal,
· TRP ID information should be tied to a unified TCI state as well as a target channel/signal;
· When indicated, the unified TCI state can be applied to the target channel/signal that shares the same TRP ID information as the unified TCI state.
For the sake of presentation, we elaborate the detailed solution for each type of channels/signals as follows.
· For UL channels/signals,
· Regarding SRS, up to N SRS resource sets for codebook or non-codebook can be supported/configured. Each SRS resource set is associated with a TRP ID information. An indicated TCI state which is associated with a TRP ID among N TCI states is applied to all the SRS resources in the SRS resource set which is associated with the same TRP ID.
· Regarding PUSCH, a DCI scheduling a PUSCH transmission indicates one or two SRIs and their SRS resource set IDs, and the corresponding details can be found in our companion contribution [1]. In our views, this approach can also be used for PUSCH transmission in the case of unified TCI. Alternatively, especially for mDCI-mTRP case, unified TCI can be used to select SRS resource set, and only SRI field in the scheduling DCI is interpreted based on the selected set. 
· Regarding PUCCH, each PUCCH resource (group) can be associated with a TRP ID information. An indicated TCI state which is associated with a TRP ID among N TCI states is applied to all PUCCH resources which are associated with the same TRP ID. Alternatively, especially for sDCI-mTRP case, each PUCCH resource can be associated with up to two TRP ID information, such as two PUCCH spatial relations corresponding to two TRPs, as which is under discussion in MTRP topic for PUCCH repetitions [1].
· For DL channels/signals,
· Regarding PDCCH, a CORSET can be associated with a TRP ID information for both mDCI-mTRP and sDCI-mTRP cases, such as CORESET pool ID in Rel-16. An indicated TCI state which is associated with a TRP ID among M TCI states is applied to the CORESET(s) which are associated with the same TRP ID. 
· Regarding PDSCH, the indicated unified TCI states can be applied to a PDSCH transmission after application time. Note that, if the offset between DL DCI and the PDSCH is less than the threshold timeDurationForQCL, the current/latest effective unified TCI state for PDSCH is used for determining the DM-RS ports of the PDSCH, instead of a default beam approach specified as in Rel-15/Rel-16.
· Regarding CSI-RS, whether a unified TCI can be applied to CSI-RS is still FFS. If it is supported, CSI-RS resource set can be associated with TRP ID information. An indicated TCI state which is associated with a TRP ID among M TCI states is applied to the CSI-RS resources in the CSI-RS resource sets which are associated with the same TRP ID.
Power control for uplink transmission
As for power control framework, open-loop power control parameters, e.g. P0 and alpha, closed-loop power control parameter, and PL-RS can be associated with UL TCI state or joint DL and UL TCI state in RRC. PL-RS can be configured by RRC, the number of configured PL-RSs can be up to 64. When the TCI state is activated by a MAC CE, the total number of activated TCI states may be up to 8, then the number of PL-RSs could be at most 8. But a UE can only support at most 4 active PL-RSs to be monitored by a UE. To solve this problem, it should be supported to update PL-RS for an activated TCI state in MAC CE.
Proposal 4: Regarding power control framework for unified TCI for mTRP,
· The association between TCI state and power control parameters, e.g. PL-RS, should be maintained by MAC CE.
· If not associated, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state.
Evaluation results for L1-SINR reporting in a multi-TRP scenario
Evaluation assumption
 In this section, we evaluate DL simultaneous transmission in one multi-TRP case. In the setup, we have 2 TRPs, each of which has 4 panels, and two panels (back to back) at the UE side.  Each panel contains two TXRUs for dual-polarization. TRP and UE sweep all Tx-Rx beam pairs with oversampling factor of (O1, O2) = (1, 1). One fixed TRP panel with dual polarization is used at TRP side for Tx analog beam sweeping, while both two UE panels with dual-polarization are used for Rx analog beam sweeping at UE side. In this case, UE speed is set as 3km/h. This evaluation scenario can be found in Figure 2.
· Regarding definition of metric of beam reporting, 
· L1-RSRP: Linear average over the power contribution (in [W]) of the resource elements carrying RS; 
· In this case, interference beams are not considered for beam selection for reporting.
· L1-SINR without IMR: Linear average over the power contribution (in [W]) of the resource elements carrying RS divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying RS.
· In this case, UE may assume the same CMR is used for both channel and interference measurements.
· L1-SINR with IMR: Linear average over the power contribution (in [W]) of the resource elements carrying RS divided by the linear average of the noise and interference power contribution (in [W]) over the the resource elements of interference measurement resource (IMR).
· In this case, UE may assume the one CMR is used for channel measurement and one IMR is used for interference measurement.



Figure 2 RSRP/SINR based reporting of (a) non-group based and (b) group based approaches in a multi-TRP case
· Regarding format of beam reporting 
· Group based reporting:
· In UE side, one best Rx beam and its corresponding TRP per UE panel is selected with the objective of maximizing L1-RSRP/L1-SINR according to DL beam measurement. Notice that, in this case, these two UE panels can be attached with one same TRP or different one.
· In gNB side, two different best TX beams, each of which is determined per UE Rx beam and panel, are reported and subsequently are used for different TRP/panel, respective. Notice that, according to the attachment result per UE panel, one corresponding TRP panel is introduced for the subsequent data transmission.  
Some more details on evaluation assumption can be found in Table 3 in Appendix.
 Performance result
Then, in the multi-TRP case, we evaluate LLS spectral efficiency for the beam reporting of L1-RSRP, SINR without IMR, i.e., CMR-only based L1-SINR measurement, and SINR with IMR, i.e., CMR+IMR based L1-SINR measurement to emulate the potential interference beams, under group based approach. The results are shown in Figure 3 and Table 2. From the evaluation results, it is observed that
· L1-SINR without IMR has some limited performance gains over legacy L1-RSRP (+2.54% in terms of average spectral efficiency). Different from the case of single TRP, independent Tx-Rx beam pair links can be found more easily. If the best Tx-Rx beam pair link in terms of L1-RSRP suffers strong interference by an interference beam. It is more often to be able to find an alternative independent beam pair link, and consequently the reporting of SINR can obtain certain performance gain over RSRP by using the beam which is not the best in terms of L1-RSRP, but it is the best in terms of SINR since it does not suffer some strong interferences.
· L1-SINR with IMR (through implying low-interference beams due to emulate interference) significantly outperforms RSRP reporting, e.g., up to 24.23% gains of average spectral efficiency.
[image: ]
Figure 3 CDF of spectral efficiency for L1-SINR and L1-RSRP reporting with/without IMR index(es) under group based approach
Table 2	Spectral efficiency for L1-SINR and L1-RSRP reporting with group based approach
	
	L1-RSRP
	L1-SINR without IMR
	L1-SINR with IMR

	Average
	14.7094
(100%)
	15.0825
(+2.54%↑)
	18.2731
(+24.23%↑)


Observation 1: From the evaluation results in the multi-TRP case, it can be observed that:
· Under the case without IMR, L1-SINR reporting can obtain limited performance gains over L1-RSRP.
· L1-SINR reporting with the assistance of IMR, i.e., CMR+IMR, significantly outperforms L1-RSRP and L1-SINR without IMR, through emulating the interference of other beams with IMR.
Proposal 5: For facilitating inter-beam interference measurement, L1-SINR reporting should be supported.
·  The definition of L1-SINR should be enhanced, considering interference among CMR(s) to be reported.
· The association among CMRs from different TRPs (or called as candidate CMR pairs) should be supported.
· Analogous to Rel-16, CMR+ZP-IMR and CMR+NZP-IMR can be supported besides CMR only
UE initialized TRP switching for multi-TRP operation
The movement and rotation of the UE will cause continuous changes in the channel quality between the gNodeB and the UE. Especially in the high-speed train scenario, the channel quality may be poor in some cases. In these cases, a better TRP or multi-TRP group should be selected for transmission to enhance communication reliability. At present, the transmission selection of Single-TRP or Multi-TRP is usually indicated by the gNodeB. However, if the backhaul between TRPs is not ideal, a large latency between TRPs may be experience and so the serving TRP can NOT obtain the channel quality of other TRP(s) in time. Therefore, if the quality of other TRP(s) is better, the handover can NOT be performed in time.
In the high-speed train (HST) scenario, when a UE moves away from the connected TRP, the increase of path loss and beam changes may affect the channel quality between the TRP and the UE. Figure 4 shows the channel quality changes with UE movement. Here, RSRP (Reference Signal Receiving Power) is used as the channel quality evaluation indicator. 
[image: ]
Figure 4 Channel quality in the high-speed train scenario
As shown in Figure 4, the RSRP curves of the TRP1 and TRP2 are dotted and solid, respectively. When the UE is at point A, it has established a connection with the TRP1. Then, when the UE moves from point A to point B or C, the RSRP of TRP1 increases gradually at the beginning. After the UE continues to move, the UE gradually keeps away from the TRP1, and the RSRP of TRP1 starts to decrease gradually. Conversely, as the UE approaches TRP2, the corresponding RSRP increases gradually. Therefore, to ensure the transmission performance, the UE needs to report a TRP handover mode from the following options.
· Mode 1: switch from current TRP to another TRP with better channel quality.
· Mode 2: switch from current TRP to multi-TRP with better channel quality.
According to the above description, multi-TRP transmission may be configured for UE, but the following situation may occur during the UE movement: When a UE moves away from one TRP and approaches another TRP at the same time, the RSRP of one TRP will be obviously better than that of the other TRP. In this case, the transmission of multi-TRP cannot provide obvious transmission reliability, compared with the transmission of single-TRP with better channel quality. Therefore, the UE needs to report a TRP handover mode as the following option.
· Mode 3: switch from current multi-TRP to single-TRP with better channel quality.
As shown in Figure 4, when the UE moves from point B to point C, the RSRP measurement value of TRP1 reduces gradually, and the RSRP measurement value of TRP2 increases gradually. At this time, the difference between them increases gradually, and the communication with the UE can be completed through the TRP2 only. The UE can report to the gNodeB and recommend single-TRP transmission of the TRP2 (Mode 3) to reduce unnecessary overhead.
Proposal 6: According to the measurement of channel quality by the UE,
· The UE actively reports to TRP, the report explicitly or implicitly indicates TRP handover mode from the following options:
· Mode 1: switch from a TRP to another TRP.
· Mode 2: switch from single-TRP to multi-TRP.
· Mode 3: switch from multi-TRP to single-TRP.
Further details on L1/L2-centric inter-cell beam management
NW initiated L1/L2 reporting of neighboring cell has been agreed. Besides NW initiated L1/L2 reporting of neighboring cell, the UE initiated L1/L2 reporting should also be supported. The L1 reporting of neighboring cell can be based on SSB/CSI-RS for mobility or SSB/CSI-RS from the neighboring cell. Further, it should be considered how the UE knows which L1 reporting of the neighboring cell should be reported. There are the following candidate methods.
· NW initialed reporting by RRC: The gNB configures the UE with a list of candidate neighboring cell for an L1 reporting by RRC. The gNB gets the information of neighboring cell(s) according to the location of the UE. The number of the neighboring cell(s) may be large, the UE performs L1 measure for all the candidate neighboring cells to select some good cells. The complexity of UE is too high.. It is inefficient and unnecessary. 
· NW initialed reporting by MAC-CE: The gNB configures UE with a list of candidate neighboring cell for L1 reporting by MAC-CE after the gNB receives an L3 mobility reporting which includes a few of selected neighboring cells. It can reduce the overhead of RRC and reduce the power of UE as the UE only need to perform L1 measurement and L1 reporting for a few of selected neighboring cells. 
· UE initialed reporting: The UE automatically initiates an L1 reporting for a neighboring cell which is selected by an L3 mobility measurement as shown in Figure 5. The L3 mobility measurement is used to monitor the quality of serving cell and select neighboring cell(s) once the L3 mobility event occurs. The UE can automatically initiate an L1 reporting for a neighboring cell when the condition of L3 mobility measurements event is satisfied. The UE can report the L3 reporting or not report the L3 reporting while the UE reports the L1 reporting for the selected neighboring cells. In addition, since the neighboring cell is selected by the L3 mobility measurement, it can avoid the ping-pang effect of selecting neighboring cell. The UE reports an L1 reporting for a neighboring cell in time and on demand.


Figure 5 UE initiates an L1 reporting for a neighboring cell if an L3 mobility measurement event occurs
For NW initialed L1/L2 reporting for neighboring cell, we prefer to adopt NW initialed L1/L2 reporting by MAC-CE instead of by RRC to reduce the latency and overhead of signaling. Compared with NW initialed L1/L2 reporting, the latency of UE initialed L1/L2 reporting can be smaller because the UE can initiate the L1 reporting for a neighboring cell without waiting for the signaling from gNB. 
Proposal 7: UE automatically initiates an L1 reporting of neighboring cell when it detects that an L3 mobility event happens.
Proposal 8: gNB configures neighboring cell information for an L1 reporting using MAC-CE.
When the UE reports a new neighboring cell in a L1 reporting, the serving cell trigger the UE to transmits a RACH to the neighboring cell by a DCI. So the DCI should contain  PCI information of the triggered PRACH. As shown in Figure 6, the gNB can configures the UE with N sets of PRACH configuration. Each of the N sets corresponds to one physical cell. The UE can get PRACH resource triggered by a DCI according to PCI indicated in the DCI.
[image: 图片10]
Figure 6  DCI triggering PRACH includes PCI
Proposal 9: The UE can be configured with multiple sets of PRACH configurations, each of which corresponds to one PCI.
Proposal 10: The DCI triggering PRACH should includes PCI, then the UE get the PRACH resources according to a set of PRACH configuration corresponding to the PCI. 
In addition, when a serving cell is associated with more than one PCIs, the serving cell will be associated with more than one mobility measurement signal sets configured in MeasObject. The UE will determine whether a L3 mobility event happens based on quality of a serving cell which is an average value of qualities of a mobility RS set, but the serving cell is associated with two mobility RS sets each of which is associated with a PCI now. The PCI of a measurement signal set on which the quality of the serving cell is measured should be clarified.
Proposal 11: When a serving cell is associated with multiple mobility RS sets corresponding to multiple PCIs, the PCI of a measurement signal set on which the quality of the serving cell is got should be clarified.
Further details on TRP-Specific BFR
As discussed in our contribution [2], when the UE reports two qnew each of which is for a TRP, both separate BFR MAC-CE and joint BFR MAC-CE should be supported. In this section, we give more details of the separate BFR MAC-CE and joint BFR MAC-CE. 
· A separate BFR MAC-CE includes beam failure information of only one TRP, and beam failure information for different TRPs are in different BFR MAC-CEs as shown in Figure 7. Only one of TRP index, such as CORESET pool index, needs to be included in the separate BFR MAC-CE. If no TRP of SpCell fails, two separate BFR MAC-CEs with BFR information of SCell can be successfully transmitted to the corresponding TRP on SpCell respectively. It requires no communication between TRPs, and the failed TRP can be recovered quickly. 
· A joint BFR MAC-CE includes beam failure information of more than one TRPs as shown in Figure 8. There are two serving cell indication bitmaps. The two bitmaps correspond two TRPs, such as two CORESET pool indexes. Joint BFR MAC-CE requires communication between TRPs and is suitable when any one TRP of SpCell  fails. Further, it requires only one SpCell PRACH if both SpCell TRPs fail. It can be in msg3/msg because PRACH will be initialed when both TRP of SpCell fail which has been agreed in last meeting.  For SpCell, there are two bits in bitmap of serving cell corresponding to two TRPs of SpCell and up to only one octet including AC and candidate RS index. Another candidate RS of SpCell has been transmitted by preamble, then it is unnecessary to contain two octets including AC and candidate RS index for SpCell. The octet of SpCell can be the end octet.  


Figure 7 Separate MAC-CE for TRP-Specific BFR
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Figure 8: Joint MAC-CE for TRP-Specific BFR
In addition, the serving cell sets correspond to different TRPs may be different. Some serving cells are configured with only first TRP, some serving cells are configured with only second TRP, some serving cells are configured with both first TRP and second TRP and some serving cells are configured without beam failure parameter by RRC. Especially, for a CC list for updating TCI state simultaneously, the beam of all CCs in the CC list are same. It is enough to detect beam failure in one CC of the CC list. Considering all above cases and to save overhead of BFR MAC-CE, the bitmap of failed CC indicating of different TRPs can correspond to different serving cell sets. . As shown in Figure 6, the serving cell set corresponding to BFD-RS set 0 of TRP 0 includes 16 serving cells each of which is configured with BFR parameter of TRP0 by RRC signaling and the serving cell set corresponding to BFD-RS set 1 of TRP 1 includes 8 serving cells each of which is configured with BFR parameter of TRP0 by RRC signaling. 
Proposal 12:  Support separate BFR MAC-CE and joint BFR MAC-CE, wherein only one BFD-RS set index is in the separate BFR MAC-CE and two serving cell indication bitmaps each of which corresponds to a BFD-RS set index are in a joint BFR MAC-CE. 
· When no TRP of SpCell fails, separate BFR MAC-CE is applied; otherwise, joint BFR MAC-CE is applied. 
Proposal 13: A joint BFR MAC-CE includes up to two bits indicating beam failure are detected for two TRPs of SP. It contains up to one octet includes AC, BFD-RS set and candidate RS set for SpCell; 
 Proposal 14: The bitmaps of serving cell indication of different BFD-RS sets correspond to different serving cell sets. 
· A serving cell set associated with one BFD-RS set includes serving cell configured with BFD parameter associated with the same index of BFD-RS set
Considering that the UE can report L1 measurement for neighboring cell, the beams of the neighboring cell can be also included in a BFR candidate RS set q1 that comprises two candidate RS subset q11 and q12 for each of TRPs.  Even without multi-TRPs, a q1 can be associated with two candidate RS sets each of which is associated with a PCI respectively. When beam failure is detected for a serving cell, the UE first selects qnew from a first candidate RS subset q11 with a first PCI of serving cell, then selects qnew from a second candidate RS subset q12 with PCI 2 different from PCI of the serving cell if channel qualities of all RSs in q11 are lower than a threshold.  
Proposal 15: PCI can be configured for TRP-specific BFR candidate RS set(s). 
Conclusion
In this contribution, we discuss some further details and remaining issues of multi-beam and multi-TRP operation. The following observations and proposals are given as follows.
Observation 1: From the evaluation results in the multi-TRP case, it can be observed that:
· Under the case without IMR, L1-SINR reporting can obtain limited performance gains over L1-RSRP.
· L1-SINR reporting with the assistance of IMR, i.e., CMR+IMR, significantly outperforms L1-RSRP and L1-SINR without IMR, through emulating the interference of other beams with IMR

Proposal 1: Regarding MAC CE for activating DL/UL TCI states, 
· When separate DL/UL TCI state is configured, 3 types of codepoint of TCI states, such as DL, UL, combined DL and UL, should be supported in the MAC CE;
· The TCI state list should be organized in a predefined order of types of codepoint of TCI states in the MAC CE;
· Two independent values or one joint-coded value for numbers of two types of codepoint of TCI states should be indicated in the MAC CE.
Proposal 2: Regarding unified TCI state scheme in mTRP,
· mTRP requirement should be considered in MAC CE design for activating DL/UL TCI states;
· Information of presence of additional TCI state for another TRP for same DL/UL in a codepoint should be supported.
Proposal 3: Regarding the unified TCI state/codepoint applied to the target channel/signal,
· TRP ID information should be tied to a unified TCI state as well as a target channel/signal;
· When indicated, the unified TCI state can be applied to the target channel/signal that shares the same TRP ID information as the unified TCI state.
Proposal 4: Regarding power control framework for unified TCI for mTRP,
· The association between TCI state and power control parameters, e.g. PL-RS, should be maintained by MAC CE.
· If not associated, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state.
Proposal 5: For facilitating inter-beam interference measurement, L1-SINR reporting should be supported.
·  The definition of L1-SINR should be enhanced, considering interference among CMR(s) to be reported.
· The association among CMRs from different TRPs (or called as candidate CMR pairs) should be supported.
· Analogous to Rel-16, CMR+ZP-IMR and CMR+NZP-IMR can be supported besides CMR only.
Proposal 6: According to the measurement of channel quality by the UE,
· The UE actively reports to TRP, the report explicitly or implicitly indicates TRP handover mode from the following options:
· Mode 1: switch from a TRP to another TRP.
· Mode 2: switch from single-TRP to multi-TRP.
· Mode 3: switch from multi-TRP to single-TRP.
Proposal 7: UE automatically initiates an L1 reporting of neighboring cell when it detects that an L3 mobility event happens.
Proposal 8: gNB configures neighboring cell information for an L1 reporting using MAC-CE.
Proposal 9: The UE can be configured with multiple sets of PRACH configurations, each of which corresponds to one PCI.
Proposal 10: The DCI triggering PRACH should includes PCI, then the UE get the PRACH resources according to a set of PRACH configuration corresponding to the PCI. 
Proposal 11: When a serving cell is associated with multiple mobility RS sets corresponding to multiple PCIs, the PCI of a measurement signal set on which the quality of the serving cell is got should be clarified.
Proposal 12:  Support separate BFR MAC-CE and joint BFR MAC-CE, wherein only one BFD-RS set index is in the separate BFR MAC-CE and two serving cell indication bitmaps each of which corresponds to a BFD-RS set index are in a joint BFR MAC-CE. 
· When no TRP of SpCell fails, separate BFR MAC-CE is applied; otherwise, joint BFR MAC-CE is applied. 
Proposal 13: A joint BFR MAC-CE includes up to two bits indicating beam failure are detected for two TRPs of SP. It contains up to one octet includes AC, BFD-RS set and candidate RS set for SpCell; 
 Proposal 14: The bitmaps of serving cell indication of different BFD-RS sets correspond to different serving cell sets. 
·  A serving cell set associated with one BFD-RS set includes serving cell configured BFD parameter associated with the one BFD-RS set.
Proposal 15: PCI can be configured for TRP-specific BFR candidate RS set(s). 
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Appendix
Table 5 Simulation assumptions for link-level simulation
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Subcarrier Spacing
	120 kHz

	Transmission SNR
	10 dB

	Channel Model
	CDL-A model
· delay spread =100ns
· UE speed=3km/h.  
· The angle of BS, i.e., AoD, are uniformly distributed within [-60, 60] degrees in azimuth domain, and that of UE, i.e., AoA, are uniformly distributed within [-180, 180] degrees in azimuth domain, via applying uniform-distribution desired mean angle in Section 7.7.5.1 in TR 38.900 accordingly.

	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.

	BS antenna configurations
	(M,N,P,Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ

	BS antenna element radiation pattern
	See Table A.2.1-6 in TR 38.802

	UE antenna configurations
	(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;

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree 

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

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

	Transmission scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD

	MIMO mode
	SU-MIMO

	Coupling lose mode between two TRPs
	Uniform distribution from 0 dB to -25dB in term of dB domain


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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