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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.
[bookmark: _GoBack]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 a conclusion was reached in RAN1#104-e as follows. 
	Conclusion
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.



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 represents multiple TCI states indicated for updating source reference RS for DL or UL channels or signals corresponding to different TRPs. 
In this subsection, how to apply the indicated TCI state to the target channels/signals in mTRP scenario is 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, 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 1: 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
In Rel-17 with unified TCI scheme, TRP-specific power control should be supported. TCI state is associated with a TRP ID information as discussed above. So TRP-specific power control is actually TCI state specific power control. As mentioned above, each TRP is related to a SRS resource set, and each SRS resource set corresponds to a TCI state. Then it is reasonable to adopt power control parameters related to the TCI state for SRS, and PUSCH. Besides, a PUCCH resource is associated with one or two PUCCH relationships, each PUCCH relationship is associated with a TCI state and a corresponding TRP, so TCI state related power control parameters can also be used for PUCCH resource. 
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 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, which means at most 4 RSs can 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 2: Regarding power control framework for unified TCI for mTRP,
· 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 DL and UL TCI state in RRC.
· 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.
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 1. 
· 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 1 Overhead of RRC configuration required for different numbers of CCs
Evaluation on group based reporting
In this section, we evaluate reporting quantities in Option 1 panel-specific reporting and Option 2 beam group based reporting that has been identified as a candidate solution for facilitating inter-TRP beam pairing. In order to well evaluate different scenarios, we provide our SLS (indoor hotspot and dense urban) and LLS evaluation results for Option 1 and Option 2, respectively.
Evaluation results for Option 1 panel-specific reporting
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 the 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 Table 5 and Table 6 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 observations 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 2	SLS for Option 1 (panel-specific 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 3	SLS for Option 1 (panel specific 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%↑)


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)
Evaluation results for Option 2 beam group based reporting
In this section, we evaluate spectral efficiency (SE) through LLS as the function of number of beam groups or number of groups in case of blockage for Option 2 beam group based reporting. The detailed evaluation assumption is shown in Table 5. Herein we evaluate the performance which is 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%↑)


Based on the above observation, non-group based beam reporting is not an efficient method of beam reporting.    Considering this, 4 beams are 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 at least 4 from only 1 or 2 groups that has been already supported in RAN1#104-e. Regarding the number of the reported beams in a group, further evaluation should be done considering more UE panels.
Observation 2: From the evaluation results for Option 1 panel-specific reporting and Option 2 beam 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.
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 2 shows the channel quality changes with UE movement. Here, RSRP (Reference Signal Receiving Power) is used as the channel quality evaluation indicator. 
[image: ]
Figure 2 Channel quality in the high-speed train scenario
As shown in Figure 2, 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 2, 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 3: 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 intra/inter-cell mobility
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 3, 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 3 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 4, 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 [2].


Figure 4 UE reports an L1 reporting of the target cell to the source cell before accessing to the target cell
Scenario 3: When the source cell and target cell correspond to different L2/L3 entities as shown in Figure 4, and the UE wants to communicate with source cell and neighbor cell simultaneously to improve handover success rate, the DAPS/dual connect has to be adopted. The complexity of UE will be too high. So we propose that source cell and target cell can share same L2/L3 entity as described in Scenario 3. 
In case of handover, the source cell and target cell correspond to the PHY cell 1 and PHY cell 2 in Figure 3 to reduce the complexity of UE. The flexibility of parameter between the PHY cell 1 and PHY cell 2 can be implemented by adopting one of following Schemes: 
· Scheme-1: Physical cell 1 and physical cell 2 correspond to different serving cells
· Scheme-2: Physical cell 1 and physical cell 2 correspond to different BWPs
· 
Scheme-3: Physical cell 1 and physical cell 2 correspond to the same BWP with different configurations of parameters such as: PCI, non-serving cell SSB information, RNTI, rate mating, power control information, wherein the RNTI comprises C-RNTI, SPS-RNTI, and so on. The power control information can includes , close loop index
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 the 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 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
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 4: UE automatically initiates an L1 reporting of neighboring cell when it detects that an L3 mobility event happens.
Proposal 5: 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 configured in MeasObject. 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 6: 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 [3], when the 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. 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 6. Only one of TRP index, such as CORESET pool index, needs to be included in the separate BFR MAC-CE. If the failed TRP doesn’t fail on the SPCell, the separate BFR MAC-CE can be successfully transmitted to the failed TRP on SPCell, otherwise the separate BFR MAC-CE can be in msg3/msgA. 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 7. There are two serving cell indication bitmaps. The two bitmaps corresponds two TRPs, such as two CORESET pool indexes. Joint BFR MAC-CE requires communication between TRPs and is suitable when the failed TRP fails on all serving cells of an MCG/SCG. Further, it requires only one SPCell PRACH if both SPCell TRP fail. 


Figure 6 Separate MAC-CE for TRP-Specific BFR


Figure 7: Joint MAC-CE for TRP-Specific BFR
Proposal 7:  Support separate BFR MAC-CE and joint BFR MAC-CE, wherein only one CORESET pool index is in the separate BFR MAC-CE and two serving cell indication bitmaps each of which corresponds to a CORESET pool index are in a joint BFR MAC-CE. 
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 q_1 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 8: 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/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 2: Regarding power control framework for unified TCI for mTRP,
· 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 DL and UL TCI state in RRC.
· 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.
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.  
Observation 2: From the evaluation results for Option 1 panel-specific reporting and Option 2 beam 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: 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 4: UE automatically initiates an L1 reporting of neighboring cell when it detects that an L3 mobility event happens.
Proposal 5: gNB configures neighboring cell information for an L1 reporting using MAC-CE.
Proposal 6: 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 7:  Support separate BFR MAC-CE and joint BFR MAC-CE, wherein only one CORESET pool index is in the separate BFR MAC-CE and two serving cell indication bitmaps each of which corresponds to a CORESET pool index are in a joint BFR MAC-CE. 
Proposal 8: PCI can be configured for TRP-specific BFR candidate RS set(s). 
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Appendix
Table 5 Simulation assumptions for indoor-hotspot system-level evaluation
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	80 MHz

	Subcarrier Spacing
	120 kHz

	Channel Model
	Indoor in TR 38.900

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weight 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
	20 m

	BS Tx power
	23 dBm

	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
	3 m

	UE antenna height
	1.5 m

	UE antenna gain
	5 dBi

	Noise figure for BS
	7 dB

	UE receiver noise figure
	10 dB

	UE distribution
	100% Indoor, 3 km/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 6 Simulation assumptions for dense urban system-level evaluation
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	80 MHz

	Subcarrier Spacing
	120 kHz

	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 weight 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
	200 m

	BS Tx power
	43 dBm

	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
	25 m

	UE antenna height
	1.5 m

	UE antenna gain
	5 dBi

	Noise figure for BS
	7 dB

	UE receiver noise figure
	10 dB

	UE distribution
	100% Indoor, 60 km/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 7 Simulation assumptions for link-level simulation
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Subcarrier Spacing
	60 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. 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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