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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 specified accordingly. Regarding the enhancement on multi-beam operation, the aspects of unified TCI framework for both DL and UL transmission, fast UE panel switching and FR2 MPE mitigation have been reached. Regarding the enhancement on multi-TRP operation, PDCCH/PUCCH/PUSCH repetition, inter-cell mTRP enhancement, beam management for multi-TRP operation and multi-TRP based HST enhancement 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 enhancements for beam management in Rel-17, as well as uplink transmission with mTRP. For PUSCH transmission to multiple TRPs under unified TCI framework, one straightforward way is to reuse SRS resource as a reference for PUSCH as in Rel-15/16. In this subsection, issues of unified TCI state applied to DL/UL channel/signal in mTRP are analyzed. 
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 with single DCI, 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 state(s) to be indicated comprise one TCI state corresponding to TRP #S1, and the target channel/signal related to one TCI state corresponds to TRP #T1
· TRP #S1 is the same as or different from TRP #T1
· Case 2: unified TCI state(s) to be indicated comprise two TCI states corresponding to TRP #S1 and TRP #S2, and the target channel/signal related to one TCI state corresponds to TRP #T1
· TRP #S1 or TRP #S2 is the same as TRP #T1
· Case 3: unified TCI state(s) to be indicated comprise one TCI state corresponding to TRP #S1, and the target channel/signal related to two TCI states corresponds to TRP #T1 and TRP #T2
· TRP #S1 is the same as TRP #T1 or TRP #T2 
· Case 4: unified TCI state(s) to be indicated comprise two TCI states corresponding to TRP #S1 and TRP #S2, and the target channel/signal related to two TCI states corresponds TRP #T1 and TRP #T2
· TRP #S1 corresponds to TRP #T1 or TRP #T2, TRP #S2 corresponds to TRP #T1 or TRP #T2
Specifically, possible relations between the source unified TCI and the target channel/signal regarding TRP are shown as in Figure 1. If the unified TCI state(s) to be indicated and the old TCI state(s) applied to the target channel/signal share the same TRP, it is reasonable to replace the old TCI state(s) with the new indicated unified TCI state; but, if the unified TCI state(s) and the old TCI state(s) of the target channel/signal correspond to different TRP(s), it may not be good to update the old TCI state(s) using the unified TCI state(s).


Figure 1 Possible relations between the source unified TCI and the target channel/signal regarding TRP
Proposal 1: Regarding the unified TCI state applied to the target channel/signal,
· TRP information should be tied to the unified TCI state;
· A new indicated TCI state can be used to update the old TCI state of the target channel/signal only when they are related to the same TRP.
Unified TCI state applied to PUSCH in mTRP
Codebook based PUSCH transmission
For codebook based (CB) PUSCH transmission, in Rel-15/16, one SRS resource set with usage of 'codebook' is configured, and the SRS resource set comprises up to 2 SRS resources (up to 4 in case of full power transmission), corresponding to up to 2 beams (spatial relation). One SRS resource supports up to 4 ports. A CB PUSCH transmission is indicated with one SRS resource for reference. The UE can determines precoder for the PUSCH transmission according to the reference SRS resource, related TPMI and layers. In this way, Rel-15/16 can support simple beam selection in the mTRP/m-Panel scenario. 
For CB PUSCH transmission, in Rel-17, the following 2 options can be considered to enhance SRS framework.
· Option-1: To reuse SRS framework in Rel-15/16, i.e. only one SRS resource set for codebook based PUSCH transmission, each SRS resource set comprises up to 2 SRS resources, and each SRS resource corresponds to a TRP/Panel and can support up to 4 ports. 
· Option-2: Two SRS resource sets are configured for codebook based PUSCH transmission in the mTRP/m-Panel scenario, each SRS resource set corresponds to a TRP/Panel, each SRS resource set comprises 1 SRS resource, and one SRS resource can support up to 4 ports. 
Considering per SRS resource set power control, option-2 is preferred to maintain the flexibility of power control for the transmission to multiple TRPs. 
For mTRP with S-DCI, unified TCI (DL TCI or UL TCI) is indicated by a DCI. The unified TCI may include 1 or 2 TCI states. If the TCI field in DCI indicates 2 TCI states, as shown in Figure 2, TCI state 1 and TCI state 4, each TCI state is associated with one SRS resource set which includes one SRS resource. Then 2 associated SRS resources should be referred by at least 2 PUSCH transmissions in different time units, e.g. slots. And each SRS resource should correspond to a TPMI and/or a number of layers for determining precoder for the at least 2 CB PUSCH transmissions.


Figure 2 TCI state associated with PC parameters and SRS resources
Non-codebook based PUSCH transmission
For non-codebook based (NCB) PUSCH transmission, in Rel-15/16, one SRS resource set with usage of 'nonCodebook' is configured, and the SRS resource set comprises up to 4 SRS resources. One SRS resource supports 1 port which corresponds to one PUSCH layer or one DMRS port. The 4 SRS resources can correspond to 1 beam (spatial relation) or 4 independent beams based on the current TS 38.214 and TS 38.331. Although 4 different beams for 4 SRS resources are allowed for a PUSCH transmission from the specification perspective, UE capability cannot support UL multi-beam simultaneous transmission. That means NCB PUSCH actually only supports a single beam for all SRS resources within the SRS resource set, and flexible port selection scheme in Rel-15/16. 
Since it is not supportive to transmit multiple uplink transmissions using different beams simultaneously in Rel-17 either, for simplicity of unified TCI design, SRS framework for NCB PUSCH can be the same as that for CB PUSCH, e.g. Option-2 above. In other words, a NCB PUSCH transmission is indicated one SRS resource for reference instead of one SRS resource set. UE can determine precoder based on enhanced port selection/combination for a NCB PUSCH. 
Specifically, for single-TRP transmission operation, the TCI field indicates one TCI state corresponding to one SRS resource for non-CB based PUSCH, where each port of the SRS resource corresponds to a PUSCH layer or DMRS port. Then, gNB will use TPMI to select one or more SRS ports. 
For S-DCI based Multi-TRP operation, the TCI field in DCI indicates 2 TCI states, each of which should be associated with one SRS resource, or one SRS resource set which includes one SRS resource. The 2 associated SRS resources should be referred by at least 2 PUSCH transmissions in different time units, e.g. slots. Also, each port of an SRS resource corresponds to a PUSCH layer or DMRS port. Then, gNB will use TPMI to select one or more SRS ports. 
Therefore, in Rel-17, a method of port selection/combination for a NCB PUSCH can be supported based on the above analysis to achieve unified framework for both CB and non-CB based PUSCH. In such case, TPMI for non-CB may be newly designed for port selection/combination as below.
· When the number of port is 2, the 2 ports are port #0 and port #1.
· Port combinations may include: {#0}, {#1}, {#0, #1}.
· The corresponding new TPMI can be:



, , or 
· When the number of port is 4, the 4 ports are port #0, #1, #2 and port #3.
· Port combinations may include the following 15 selections: {#0}，{#1}，{#2}，{#3}，{#0, #1}, {#0, #2}, {#0, #3}, {#1, #2}, {#1, #3}, {#2, #3}, {#0, #1, #2}, {#0, #1, #3},{#0, #2, #3}, {#1, #2, #3}, {#0, #1, #2, #3}. 
· The corresponding new TPMI can be: 
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Note that coefficients of the above matrices are not shown. These matrices may only aim to indicate port combination. 
Based on above solutions for non-CB, TCI or SRI is used to select beam, and TPMI is used to select PUSCH layer(s) or DM-RS port(s). The structure is the same as CB based PUSCH transmission.
Proposal 2: Regarding association between TCI state and uplink parameters,
· The common TCI state pool should be maintained by MAC CE;
· Each of unified TCI state should be associated with an SRS resource, e.g. via MAC CE;
· The association between TCI state and power control should be maintained by MAC CE.
Proposal 3: Regarding UL transmission with MTRP/M-Panel in Rel-17, support unified framework for both CB and non-CB PUSCH.
· one SRS resource set corresponds to a TRP or a UE panel;
· one SRS resource set comprises one SRS resource;
· one SRS resource supports one or more ports for usage of both CB and NCB;
· a new defined TPMI field or port selection information is used for flexible port selection for NCB.
Further details on beam indication/update cross carriers
In RAN1#103-e, a general framework for common DL/UL beam indication cross carriers (CCs) under the unified TCI framework has been agreed as follows. In this subsection, we further discuss the details on common beam update cross CCs.
	Agreement
On Rel-17 unified TCI framework, support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs:
· The above applies to intra-band CA
· The above applies to joint DL/UL and separate DL/UL beam indications 
· Just as Rel.16, the RS in the TCI state that provides QCL-TypeA [or QCL-TypeB] shall be in the same CC as the target channel or RS
· The common TCI state ID implies that the same/single RS determined according to the TCI state(s) indicated by a common TCI state ID is used to provide QCL Type-D indication and to determine UL TX spatial filter across the set of configured CCs
· FFS: The above also applies to inter-band CA 
· FFS: TCI state pool for CA 
· Opt-1: sharing a single RRC TCI state pool for the set of configured CCs, e.g., cell-group TCI state pool, or reuse TCI state pool for PDSCH in a reference cell; A CC ID for QCL-Type A RS is absent in a TCI state, and the CC ID for QCL-Type A RS is determined according to a target CC of the TCI state.
· FFS: Whether it is possible that a single TCI state in the pool includes all source RSs from different CCs
· Opt-2: configuring RRC TCI state pool per individual CC
· FFS: Whether the Rel-17 common beam update across multiple CCs applies to beam indication for single channel (e.g. PDSCH only, single CORESET), a subset of channels, or all channels


As a remaining issue, the TCI state pool for CA is still FFS, and the following two candidate solutions for TCI state pool for CA has been identified:
· Opt-1: sharing a single RRC TCI state pool for the set of configured CCs; 
· Opt-2: configuring RRC TCI state pool per individual CC. 
Specifically, we have the following analysis about the two candidate options above: 
· For common beam indication of DL and UL channel/RS, the (unified) TCI state may include QCL assumption of DL channel/RS, spatial relation of UL chnanel/RS and power control parameters of UL channel/RS. As elaborated in Table 1, for common beam indication of DL and UL channel/RS per BWP in a CC, RRC configuration of 128 TCI states requires up to 9089 bits (corresponding to 1.12 kB). Due to up to 4 BWPs are supported in a CC, up to 1.12*4=4.48 kB are required per CC. Further, for multiple CCs and multiple BWPs, the signaling overhead of RRC configuration of TCI states is summarized in Figure 3. 
· [bookmark: _GoBack]It can be observed that with the increase of the number of CCs, RRC overhead in Opt-2 rises sharply. For instance, in the worst case, the RRC overhead can be up to 143.36 kB when all of 32 CCs have been configured with respective TCI state pools. But, on the other hand, due to sharing the same RRC pool, the RRC overhead in Opt-1 can be kept unchanged, and only the RRC overhead of 1.12 kB is needed. It means that compared with Opt-2, the RRC overhead in Opt-1 can be saved significantly.
· However, from the perspective of RRC configuration flexibility, it is no doubt that the Opt-2 outperforms the Opt-1 due to the fact that the RS ID in the TCI state can be configured per CC. But, considering the unified TCI state framework, the same beam is applied to both DL and UL channel across a CC group, and it is natural that the identical RS configuration (e.g., TRS) is configured for the CC group. Therefore, gNB only need to guarantee that the RS (e.g., TRS) with same ID share the same Tx beam across the CC group, and so the loss related to RRC configuration flexibility should be acceptable.
Observation 1: 
· Due to sharing a single RRC TCI state pool for a CC group rather than respective pools per CC, Opt-1 can significantly save RRC overhead over Opt-2, e.g., 1.12kB vs 143.36 kB.
· Configuration flexibility of Opt-1 is sufficient for unified TCI indication, considering the identical RS configuration (e.g., TRS) across multiple CCs under the requirement of updating a common beam for all RS/channels, although losing some flexibility compared with Opt-2.  
Table 1 Bit(s) required for RRC configuration of TCI state(s) applicable to common beam indication
	Element in TCI state
	The number of required bits

	TCI-StateId
	7

	QCL-Info
	ServCellIndex (OPTIONAL)
	5+1

	
	BWP-Id (OPTIONAL)
	2+1

	
	NZP-CSI-RS-ResourceId or SSB-Index
	8 or 6

	
	qcl-Type
	2

	QCL-Info (OPTIONAL)
	ServCellIndex (OPTIONAL)
	5+1

	
	BWP-Id (OPTIONAL)
	2+1

	
	NZP-CSI-RS-ResourceId or SSB-Index
	8 or 6

	
	qcl-Type
	2

	ServCellIndex (OPTIONAL)
	5+1

	Spatial relation
	NZP-CSI-RS-ResourceId, SSB-Index or SRS-ResourceId
	8 or 6 or 8

	PC parameters
	PathlossReferenceRS-Id
	6

	
	p0-Id
	3

	
	closedLoopIndex
	2

	Bits required for RRC configuration of 1 TCI state
	Up to 71

	Bits required for RRC configuration of 128 TCI states (OPTIONAL)
	Up to 71*128+1=9089


[image: ]
Figure 3 Overhead of RRC configuration required for different numbers of CCs
But, considering that QCL-Type A parameter can NOT be applied for cross-CC indication due to demodulation requirement for accurate time/frequency tracking, we need to further study the mechanism of determining QCL Type-A RS in a local (or target) CC/BWP according to the QCL-Type A RS of TCI state in the reference CC/BWP.
· Alt-1: The single TCI state pool is still configured for PDSCH in a reference CC/BWP as in Rel-15. The QCL Type-A RS in a target CC/BWP can be obtained according to the QCL Type-A RS ID indicated by the TCI state in the reference CC/BWP. Specifically, a CC ID for QCL-Type A RS is absent in a TCI state, and the CC ID for QCL-Type A RS is determined according to a target CC of the TCI state. An example can be found in Figure 4.


Figure 4 Alt-1: PDSCH TCI state pool is reused, and CC ID for QCL-Type A RS is determined according to the target CC of indicated TCI state
· Alt-2: A single RRC configured TCI state pool for a CC/BWP group (i.e., cell-group TCI state pool) is introduced. Regarding the determination of QCL-Type A RS, QCL-Type A RS ID in an indicated TCI state for a CC/BWP group can be applied to all CCs/BWPs in the CC/BWP group, and a diagrammatic sketch is shown in Figure 5.


Figure 5 Alt-2: A cell-group TCI state pool is introduced, and the same resource ID of the QCL Type-A RS is applied to the CCs in the same CC group
In our opinion, this way of “applying the same QCL Type-A RS ID to the CCs in the same CC group” in Opt-1 seems to be similar to “applying the same activated TCI state ID to the CCs in the same CC group” in Opt-2 that is used in Rel-16. The only enhancement of Opt-1 compared with Opt-2 is to change the level of same ID from TCI state to QCL Type-A RS.
Proposal 4: For intra/inter-band CA, support the mechanism of sharing a single RRC TCI state pool for the set of configured CCs (Opt-1).
· Down-select at least one of following candidate solutions for determining QCL Type-A RS in the target CC/BWP according to the QCL Type-A RS indicated in the TCI states of reference CC/BWP. 
a) Alt-1: A CC ID for QCL-Type A RS is absent in a TCI state in a reference cell, and the CC ID for QCL-Type A RS is determined according to a target CC of the TCI state.
b) Alt-2: A cell-group TCI state pool is introduced, and the same resource ID of the QCL-Type A RS is applied to the CCs in the same CC group.
· Note that QCL-Type D RS in a TCI state can be applied to all CCs in the set of CCs for DL/UL spatial domain filter determination.
Evaluation on Option 2 beam group based reporting
Evaluation assumptions 
In this section, we evaluate reporting quantities in Option 2 beam group based reporting that has been identified as a candidate solution for facilitating inter-TRP beam pairing as follows. 
	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 the setup, we have 4 panels/subarrays at TRP side 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/subarray with dual polarization is used at TRP side for analog beam sweeping, while both back to back panels (each with one polarization) are used for analog beam sweeping at UE side. The procedure for beam management is shown in Figure 6. In this case, UE speed is set as 3km/h.
· Beam sweeping and measurement for all Tx-Rx pairs is performed per 200 ms, and its beam/group based reporting is fed back to TRP. Notice that only one gNB panel is enabled for generating Tx beams for sweeping during beam measurement and refinement procedure. To be more specific, 
· Regarding non-group based beam reporting, 
· In UE side, X best beams are reported with the objective of maximizing RSRP; 
· In gNB side, only one best Tx beam is selected to be used for all TRP panels, i.e., 4 panels in this simulation, according to results from reporting after beam refinement/re-selection at UE side.
· Regarding group based beam reporting, 
· In UE side, 
· Step-1: the N best Tx beams per UE panel, which is called as centric Tx beam per group, are selected with the objective of maximizing RSRP, and then the Tx beams from each panel are grouped into N group in order, respectively. 
· Step-2: M/SUE best Tx beams are selected per a Rx beam per group with the objective of maximizing RSRP, where the Rx beam is associated with one of the centric Tx beam pair i corresponding to i-th group, and SUE denotes the number of panels in UE side
· Step-3: N groups and M beams per group are reported to gNB.
· Notices that, in this contribution, the criteria of grouping based reporting is based on the Alt-1 beam group based approach as follows.
· Different Tx beams to be reported within one group can be received simultaneously; but, different Tx beams to be reported from different group may NOT be received simultaneously.
· In gNB side, one out of the reported N groups is selected, and the one of M/SUE Tx beam(s) associated with different Rx beam of the selected group is applied to the respective STRP/SUE panel(s) (i.e., 2 TRP panels in this simulation), where STRP denotes the number of panels in gNB side. 
· Beam refinement (i.e., beam re-selection) is performed per 20 ms, where only the DL Tx beams reported in beam measurement procedure (which are called as candidate beams/groups) are measured. Herein after the corresponding beam refinement and reporting, the latest beam/group from the candidate beams/groups in this measurement window is initiated for the subsequent transmission. 


Figure 6 Beam management procedures in performance simulation
Some more details on evaluation assumption can be found in Annex.
Evaluation results 
In this section, we evaluate spectral efficiency (SE) as a function of the number of Tx beams to be reported for non-group based reporting and group-based reporting cases. The results are shown Table 2 for non-group based reporting (i.e., without considering the feature that multiple beams to be received simultaneously) and Table 3 for group-based reporting.
Table 2 Spectral efficiency under non-group based reporting with X beams to be reported 
	
	X = 1 beam
	X = 2 beams
	X = 4 beams
	X = 8 beams
	X = 16 beams

	Average
	16.5886
(100%)
	16.6291
(0.24%↑)
	16.6800
(0.55%↑)
	16.6805
(0.55%↑)
	16.6805
(0.55%↑)


Table 3 Spectral efficiency under Option 2 beam group based reporting with M beams within only one group to be reported 
	
	M = 2 beams
	M = 4 beams
	M = 6 beams
	M = 8 beams

	Average
	18.9798
(100%)
	19.0575
(0.41%↑)
	19.0642
(0.44%↑)
	19.0667
(0.46%↑)


Observation 2: From the evaluation results, it can be observed that:
· Performance does not vary much as number of beams increases for non-group based reporting.
· Performance of group based reporting with 2 beams outperforms non-group based reporting even with 16 beams. 
Here we further evaluate the performance as the function of number of beam groups or number of groups in case of blockage which are shown in Table 4.
Table 4 Spectral efficiency under Option 2 beam group based reporting with M beams per group to be reported and N groups in case of blockage
	
	N=1 group
M = 2 beams
	N = 1 group
M = 4 beams
	N = 1 group
M = 8 beams
	N = 2 group
M = 2 beams 
	N = 4 group
M = 2 beams
	N = 8 group
M = 2 beams

	Outage
	11%
(100%)
	6%
(-45.5%↓)
	2%
(-81.2%↓)
	3%
(-72.7%↓)
	1%
(-90.9%↓)
	0%
(-100%↓)

	Average
	12.4313 
(100%)
	12.5315
(+0.81%↑)
	12.7242
(+2.36%↑)
	13.0613
(+5.07%↑)
	13.4169
(+7.93%↑)
	13.5942
(+9.35%↑)


 Observation 3: From the evaluation results, it can be observed that:
· Increase number of beams per group can bring performance benefit.
· Increase number of groups can bring higher performance gain to combat blockage.
Based on the above observation, non-group based beam reporting is not efficient method of beam reporting.    Considering this, 4 beams is more than sufficient for non-group based beam reporting. Therefore, the direction of enhancements in Rel-17 should be increasing maximum number of beam groups to 8 from only 1 group that has been already supported in Rel-15. Regarding the number of the reported beams in a group, further evaluation should be done considering more UE panels.
Proposal 5: For Option-2 group based beam reporting, support at least 4 beam groups in Rel-17.  
· FFS on more reported groups or beams considering more UE panels. 
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 7 shows the channel quality changes with UE movement. Here, RSRP (Reference Signal Receiving Power) is used as the channel quality evaluation indicator. 
[image: ]Figure 7 Channel quality in the high-speed train scenario
As shown in Figure 7, the RSRP curves of the TRP1 and TRP2 is 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.
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 multi-TRP should be switched to the single-TRP transmission, as shown in Figure 7, 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 UE,
· 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 intra-cell and inter-cell mobility
Latency reduction of waiting for the first SSB transmission
For intra-cell beam switching (corresponding to the known TCI state switch), we need to further reduce the latency of waiting for the first SSB after beam switching command, e.g., MAC-CE as described in our contribution [1]. Some mechanisms of pre-frequency/time synchronization should be further studied. For example, the UE may track an SSB pool to get frequency/time synchronization of the SSB in the SSB pool. If the SSB of the newly activated TCI state is in the SSB pool, the UE can apply the new TCI state without waiting for the first transmission of the SSB. 
· For instance, the eight TCI states activated by the gNB may correspond to two SSBs, but the UE has the capability to track four SSBs. So the SSB activated by the MAC-CE which is used for updating the mapping between TCI codepoints and TCI states may be just a subset of the SSB pool. That means that the indicated TCI state can be applied to DL transmission immediately instead of being applied after receiving the corresponding SSB.
Proposal 7: The SSB pool for tracking frequency/time synchronization can be configured or activated by gNB in advance to reduce the latency of applying a new TCI state for DL transmission, due to waiting for the first SSB transmission corresponding to the TCI state.
L1 reporting of neighboring cell
There are following scenarios which are suitable to introduce enhancements on L1/L2-centric inter-cell mobility.
Scenario 1: Several TRPs are scheduled by a central processor. Different TRPs correspond to different physical cell indexes and transmit their own SSB respectively. The mainly motivation of this system architecture is to extend the maximum number of RSs to be configured, e.g., SSB. For instance, in order to guarantee the whole spatial coverage, each of TRP(s) may need up to 64 SSBs, and when the multiple TRPs are operated, the number of RS(s) is very huge. As a candidate solution, each of TRPs have own cell ID, and using L1/L2-mobility is to achieve dynamic TRP switching. 
· In such case, the central processor can schedule any one or more physical cells to serve one UE under one L3/L2 entity as single-DCI based Multi-TRP transmission.
· Regarding L1/L2-centric inter-cell mobility, the source cell/TRP receives a L3 mobility measurement from a UE. Then after coordination with the target cell/TRP, the source cell/TRP can quickly let the UE communicate with both the target cell and the source cell without L3/L2 entity change, since the latency of backhaul between the central processor and each TRP can be ignored in this architecture. The UE can report L1 reporting of the target cell to a source cell directly.
In this scenario, multiple PHY layers including multi-RRH cases are performed under a single L3/L2 entity as shown in Figure 8, which can significant reduce the inter-cell mobility complexity at UE side and increase hand over success rate compared with traditional inter-cell mobility scheme.

 
Figure 8 Multiple physical cells structure under the same L2/L3 entity

Scenario 2: When the UE detects an L3 mobility measurement event, the target cell and the source cell may be under different L3/L2 entities as shown in Figure 9, but the UE can report L1 reporting of the target cell before accessing to the target cell and one source cell is associated with more than one L1 reporting each of which is associated with a PCI. Then the source cell can indicate UL beam information for accelerating contention-free PRACH procedure to the target cell. The latency of as described in our contribution is not needed, since the TCI state of the target cell has been known for the UE [1].


Figure 9 UE reports an L1 reporting of the target cell to the source cell before accessing to the target cell
In all of above scenarios, one serving cell will be associated with more than one physical cell. Then the UE needs to determine the PCI for an L1 reporting.
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 following candidate methods.
· Method-1: The gNB configures each neighboring cell of the UE with 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, but the UE still needs to reports L1 reporting for each possible neighboring cell(s). It is inefficient and unnecessary. 
· Method-2: The gNB configures information of a 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 reporting for a few of selected neighboring cells. 
· Method-3: The UE automatically initiates an L1 reporting for a neighboring cell which is selected by an L3 mobility measurement as shown in Figure 10. 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 10 UE initiates an L1 reporting for a neighboring cell if an L3 mobility measurement event occurs
We prefer to adopt Method 2 and Method 3 to reduce the latency and overhead of signaling. Compared with Method 2, the latency of Method 3 can be smaller because the UE can initiate the L1 reporting for a neighboring cell without waiting for the signaling from gNB. 
Proposal 8: UE automatically initiates an L1 reporting of neighboring cell when it detects that an L3 mobility event happens.
Proposal 9: gNB configures neighboring cell information for an L1 reporting using MAC-CE.
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. The UE will determine whether a L3 mobility event happens based on quality of a serving cell which is a 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 10: 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.
PCI-Specific RRC parameter
Some RRC configuration may be different for different cells, so some RRC configuration should be got according to PCI. For example, the location of transmitted SSB for rate mating, the power of SSB and TA may be different for different cells, so these RRC parameters can be configured per PCI
Proposal 11: Some RRC parameters, such as parameter for rate mating, SSB power, TCI state list and TA, should be configured per PCI.
Further details on TRP-Specific BFR
As discussed in our contribution [2], when UE reports two q_news each of which is for a TRP, both separate BFR MAC-CE and joint BFR MAC-CE should be supported. 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. A joint BFR MAC-CE includes beam failure information of more than one TRPs. Separate BFR MAC-CE requires no communication between TRPs and is suitable when the failed TRP doesn’t fail on the serving cell of the PUSCH including the BFR MAC-CE. Joint BFR MAC-CE requires communication between TRPs and is suitable when the failed TRP fails on all serving cells of a MCG/SCG. In another case, when both TRPs of SPcell fail, the UE will initiate a PRACH for each TRP to recovery each TRP quickly and improve the successful rate of beam recovery, then the BFR MAC-CE can be separate BFR MAC-CE. 
Proposal 12:  Support separate BFR MAC-CE and joint BFR MAC-CE, wherein beam fail information for different TRPs should be carried in different separate BFR MAC-CEs, but can be carried in a joint BFR MAC-CE. 
In current specification, the bitmap of serving cell indication doesn’t consider that beam is similar in a CC list and beam failure is detected on only part of serving cells instead of on every configured serving cell. So the overhead of the bitmap of serving cell indication in current BFR MAC-CE can be reduced. Especially when we support TRP-specific BFR, the serving cell sets associated with different TRP(s) are different as shown in Figure 11. The bitmap of serving cell indication of a TRP in BFR MAC-CE should just consider the serving cell set associated with the TRP and configured with beam failure parameter. 


Figure 11 Different TRP(s) are associated with different serving cell sets
Proposal 13:  The bitmap of serving cell indication in BFR MAC-CE should corresponds to a serving cell set associated with a TRP and/or configured with beam failure parameter. 
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 q_0 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, then selects qnew from a second candidate RS subset q12 with PCI 2 if channel qualities of all RSs in q11 are lower than a threshold.  
Proposal 14. 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.
Proposal 1: Regarding the unified TCI state applied to the target channel/signal,
· TRP information should be tied to the unified TCI state;
· A new indicated TCI state can be used to update the old TCI state of the target channel/signal only when they are related to the same TRP.
Proposal 2: Regarding association between TCI state and uplink parameters,
· The common TCI state pool should be maintained by MAC CE;
· Each of unified TCI state should be associated with an SRS resource, e.g. via MAC CE;
· The association between TCI state and power control should be maintained by MAC CE.
Proposal 3: Regarding UL transmission with MTRP/M-Panel in Rel-17, support unified framework for both CB and non-CB PUSCH.
· one SRS resource set corresponds to a TRP or a UE panel;
· one SRS resource set comprises one SRS resource;
· one SRS resource supports one or more ports for usage of both CB and NCB;
· a new defined TPMI field or port selection information is used for flexible port selection for NCB.
Observation 1: 
· Due to sharing a single RRC TCI state pool for a CC group rather than respective pools per CC, Opt-1 can significantly save RRC overhead over Opt-2, e.g., 1.12kB vs 143.36 kB.
· Configuration flexibility of Opt-1 is sufficient for unified TCI indication, considering the identical RS configuration (e.g., TRS) across multiple CCs under the requirement of updating a common beam for all RS/channels, although losing some flexibility compared with Opt-2.  
Proposal 4: For intra/inter-band CA, support the mechanism of sharing a single RRC TCI state pool for the set of configured CCs (Opt-1).
· Down-select at least one of following candidate solutions for determining QCL Type-A RS in the target CC/BWP according to the QCL Type-A RS indicated in the TCI states of reference CC/BWP. 
a) Alt-1: A CC ID for QCL-Type A RS is absent in a TCI state in a reference cell, and the CC ID for QCL-Type A RS is determined according to a target CC of the TCI state.
b) Alt-2: A cell-group TCI state pool is introduced, and the same resource ID of the QCL-Type A RS is applied to the CCs in the same CC group.
· Note that QCL-Type D RS in a TCI state can be applied to all CCs in the set of CCs for DL/UL spatial domain filter determination.
Observation 2: From the evaluation results, it can be observed that:
· Performance does not vary much as number of beams increases for non-group based reporting.
· Performance of group based reporting with 2 beams outperforms non-group based reporting even with 16 beams.
 Observation 3: From the evaluation results, it can be observed that:
· Increase number of beams per group can bring performance benefit.
· Increase number of groups can bring higher performance gain to combat blockage.
Proposal 5: For Option-2 group based beam reporting, support at least 4 beam groups in Rel-17.  
· FFS on more reported groups or beams considering more UE panels. 
Proposal 6: According to the measurement of channel quality by UE,
· 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: The SSB pool for tracking frequency/time synchronization can be configured or activated by gNB in advance to reduce the latency of applying a new TCI state for DL transmission, due to waiting for the first SSB transmission corresponding to the TCI state.
Proposal 8: UE automatically initiates an L1 reporting of neighboring cell when it detects that an L3 mobility event happens.
Proposal 9: gNB configures neighboring cell information for an L1 reporting using MAC-CE.
Proposal 10: 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 11: Some RRC parameters, such as parameter for rate mating, SSB power, TCI state list and TA, should be configured per PCI.
Proposal 12:  Support separate BFR MAC-CE and joint BFR MAC-CE, wherein beam fail information for different TRPs should be carried in different separate BFR MAC-CEs, but can be carried in a joint BFR MAC-CE. 
Proposal 13:  The bitmap of serving cell indication in BFR MAC-CE should corresponds to a serving cell set associated with a TRP and/or configured with beam failure parameter. 
Proposal 14. PCI can be configured for TRP-specific BFR candidate RS set(s). 
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Annex
Table 5 Simulation assumptions for link-level simulation
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Subcarrier Spacing
	60kHz

	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. 2)
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

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


Notes: Any other parameters not specified here remain the same as those in NR evaluation assumption.
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