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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#106-e meeting, the Rel. 17 NR FeMIMO WID [1][6][8] was discussed. A long list of agreements was achieved [2] on the topic of enhancement on multi-beam operation.  The agreements cover multiple issues. In this contribution, we present our views on some of the issues and proposals for moving forward.

Unified TCI Framework
In this section, we discuss the topics on TCI state pool for separate DL and UL beam indication, supporting multiple simultaneous active TCI states, and enhancements on contents of TCI states.
[bookmark: _Hlk64558376][bookmark: _Ref52454871]TCI State Pool for Separate DL and UL Beam Indication 
In RAN1#103-e meeting, the following was agreed regarding the TCI state pool.
	Agreement
On Rel-17 unified TCI framework:
· A pool of joint DL/UL TCI state is used for joint DL/UL TCI state update (beam indication).
· [bookmark: _Hlk58598774]FFS: The pool for separate DL and UL TCI state update (beam indication)
· Note: Here, TCI state pool refers to a pool configured via higher-layer (RRC) signaling
· FFS: Whether joint TCI may include UL specific parameter(s) such as UL PC/timing parameters, PL RS, panel-related indication,etc. and if it is included, it is used only for UL transmission of the DL and UL transmissions to which the joint TCI is applied 




In RAN1#104-e meeting, the topic of TCI state pool for separate DL and UL beam indication was discussed but there is no agreement achieved.
[bookmark: _Hlk60991994]There are two ways to construct TCI state pools for separate DL and UL TCI state update (beam indication). The two alternatives are as follows:
· Alt. 1: Separate TCI state pools for DL and UL, e.g., one for DL and one for UL 
· Alt. 2: One single joint TCI state pool for both DL and UL
Figure 1 illustrates the two alternatives to construct TCI state pool(s) for separate DL and UL TCI state update (beam indication).  In Figure 1, each circle represents a source RS in the TCI state pool, and blue and green color indicate source RS for DL and UL, respectively.  Please note that what is shown in Figure 1 is only an illustrative example.
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[bookmark: _Ref52378257]Figure 1: Two alternatives to construct TCI state pool(s) for separate DL and UL beam indication
In our opinion, Alt. 1 has some advantages over Alt. 2.  In Rel. 15/16 under the spatial relation framework, SRS has already been used as a source RS to indicate UL TX spatial filter.  With the introduction of UL TCI state, it is necessary to also include SRS as one of the source RS for UL TCI state.  However, it is unclear the benefit of using SRS as a source RS for DL TCI state.  Given that the SRS may only be used as a source RS for UL TCI state, the content of UL TCI state and DL TCI state could be different, and it will be infeasible to use the DL TCI states also as UL TCI states.  Therefore, the number of TCI states in the single joint TCI state pool in Alt. 2 will be larger than the number of TCI states in each of the separate TCI state pools in Alt. 1.  For Alt. 2, with the larger number of TCI states in the single joint TCI state pool, the MAC CE that is used to select and activate a subset of TCI states from the pool thus needs to be changed to accommodate the larger number of TCI states.  For Alt. 1, the existing MAC CE design can be reused since the number of TCI states in each of the separate TCI state pools can be kept under the current limit of 128.
Based on the above analysis, we have the following proposal:
Proposal 1: FeMIMO supports separate TCI state pools for DL and UL for separate DL and UL TCI state update (beam indication).  
L1/L2-centric Inter-cell Beam Management
In RAN#92-e and #93-e meetings, the Rel. 17 NR FeMIMO WID was discussed and revised [6][8].  The main changes were on the objective related to inter-cell beam management as shown below. 
	The work item aims to specify the further enhancements identified for NR MIMO. The detailed objectives are as follows:

· Extend specification support in the following areas [RAN1]
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management for intra-cell and inter-cell scenarios to support higher intra- and L1/L2-centric inter-cell mobility UE speed and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
iv. For inter-cell beam management, a UE can transmit to or receive from only a single cell (i.e. serving cell does not change when beam selection is done). This includes L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
1. The beam indication is based on Rel-17 unified TCI framework
2. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
3. This work shall only consider intra-DU and intra-frequency cases
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception based on Rel-15/16 TCI framework
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework
3. Enhancement on SRS, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency
4. Enhancement on CSI measurement and reporting:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead

· Investigate if the requirements on link recovery procedure is suitable for FR2 serving cells [RAN4]
· Specify higher layer support of enhancements listed above, at least including [RAN2]
· For inter-cell beam management: MAC (if any) and RRC enhancements (including signaling, measurement configuration and TCI state switching) assuming no impact to serving cell (i.e. serving cell does not change when beam selection is done)
· Specify signaling between CU and DU to enable inter-cell beam management if any [RAN3]
· Specify core requirements associated with the items specified by RAN1, at least including [RAN4]
· UE requirements for inter-cell beam management



Furthermore, in RAN#92-e meeting, the following WF and conclusion were also endorsed [7].
	On the scope of Rel-17 NR_FeMIMO:
1. [bookmark: _Hlk77851004]RAN confirms that inter-cell mTRP in RAN1 work only considers multi-DCI and multi-PDSCH reception (per WI objective). Any scheme tailored for reception of a single PDCCH and/or a single PDSCH is not supported in Rel-17 mTRP.
2. Regarding scope and workflow of L1/L2-centric inter-cell beam management for multi-beam enhancement, for Rel-17:
a. Only scenario for inter-cell-mTRP-like model (with no change in serving cell) will be considered in Rel-17. 
· Scenarios where change in serving cell via a L1/L2-triggered handover scheme are not considered in Rel-17 and may be considered in Rel-18
· Further discuss how to clarify the Rel-17 objectives associated with scenario 1 for L1/L2-centric inter-cell beam management (during later round(s))
b. Only intra-DU and intra-frequency scenarios will be considered in Rel-17 (excluding inter-DU or inter-frequency scenarios) 
c. In RAN1#106-e, conclude on the synchronization and the timing advance assumptions between the cells

Conclusion:
For Rel-17 NR_FeMIMO, the objectives associated with scenario 1 of L1/L2-centric inter-cell beam management (with no change in serving cell) for multi-beam enhancement are:
· [bookmark: _Hlk77850717][RAN1] Specify features for inter-cell beam management where a UE can transmit to or receive from only a single cell, including L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
· The beam indication is based on Rel-17 unified TCI framework
· The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
· [bookmark: _Hlk77840266]Note: RAN1 is to discuss the details (e.g. applicable channels/signals) regarding “a UE can transmit to or receive from only a single cell” in RAN1#106-e meeting.
· [RAN2] Specify impacts to MAC (if any) and RRC concerning inter-cell beam management (including signaling, measurement configuration and TCI state switching) only for scenario 1 (allowing extensions in future releases, e.g., for scenario 2).
· There is no impact to serving cell (i.e. serving cell does not change when beam selection is done) when UE is configured with inter-cell beam management.
· [RAN1/2] Specify UE capabilities for inter-cell beam management
· [RAN3] Specify inter-node signaling between CU and DU to enable inter-cell beam management if any.
· [RAN4] Specify UE requirements for inter-cell beam management
· This work shall only consider intra-DU and intra-frequency cases 
· Note: See R2-2106787 for description of scenario 1 and scenario 2



Specifically, it asked RAN1 to conclude in RAN1 #106-e meeting on the synchronization and the timing advance assumption between the cells for L1/L2-centric inter-cell beam management for multi-beam enhancement for Rel-17.  In RAN1#106-e meeting, these topics were discussed and the following conclusion and agreement were endorsed.
	Conclusion
On Rel.17 enhancements for inter-cell beam management, 
· In Rel-17, RAN1 cannot reach consensus in supporting same or different TA values across the serving cell and TRPs with different PCIs from that of the serving cell 

Agreement
On Rel.17 enhancements for inter-cell beam management, 
· [bookmark: _Hlk82174819]To be finalized in RAN1#106bis-e): UE timing assumption on reception of signals from TRPs with PCIs different from the serving cell compared to that for serving cell



Based on the agreement, RAN1 needs to finalize the UL timing assumption on reception of signals from TRPs with PCIs different from the serving cell compared to that for serving cell in RAN1#106-bis-e meeting.
UE Reception Timing Assumption 
Considering the fact that the CP length for FR2 is much shorter than that for FR1 due to the use of larger subcarrier spacing, it is possible that the timing difference between received signals from different cells at the UE is larger than the CP length.  Therefore the UE should not always assume time synchronization between signals received from TRPs with PCIs different from the serving cell and that received from the serving cell.  If the received signals from TRPs with PCIs different from the serving cell have to be always assumed to be synchronized with that received from the serving cell, it will significantly reduce the possible deployment scenario for inter-cell beam management.  For example, the deployment scenario has to be limited to cases where a UE crosses sectors of the same gNB.  For other cases, e.g., where a UE crosses sectors of different gNBs, the always-synchronous-assumption could lead to significant performance loss due to the out-of-CP receiving timing.
Based on the above analysis, we propose the following: 
Proposal 2: For L1/L2-centric inter-cell beam management, it is possible that UE timing assumption on reception of signals from TRPs with PCIs different from the serving cell compared to that for serving cell is asynchronous.
Beam Management with Reduced DL Signaling to Reduce Latency
In RAN1#106-e meeting, the following was agreed regarding enhancements to facilitate advanced beam refinement/tracking.
	Agreement
On Rel-17 enhancements to facilitate advanced beam refinement/tracking, in Rel-17, further focus study (including down-selection) and, if needed, specification effort on Opt 1-A as agreed in RAN1#105-e (UE -initiated beam selection/activation based on beam measurement and/or reporting, without beam indication or activation from NW) comprising: 
· UE -initiated (DL-only or DL/UL) beam selection, including the following options
· Opt1. The selected beam is reported by an event-triggered UE beam reporting via, e.g. UCI , MAC CE, UL CG, or Type 1/Type 2 CBRA/CFRA
· Opt2. The selected beam is reported by a legacy UE beam report (NW-configured)
· FFS on triggering condition and NW-indication of a beam group in which the UE is allowed to do the beam selection, e.g., the NW-indication via MAC-CE
· FFS : NW confirmation, e.g. if no NW beam selection command overwriting the selected beam is received in a time window after the report
· UE-initiated beam activation based on beam reporting  
· The reported beam(s) are activated as active TCI/spatial relation RS(s) automatically w/o NW activation command after receiving gNB response signalling , e.g. DCI/MAC CE
· FFS : The reported beam is applied directly if the number of supported activated beam by the UE is one and/or after receiving gNB response signaling, or if no NW activation command overwrites the beam(s) activated by the report in a time window after the report
· UE -initiated UL-only beam selection considering potential misalignment between network and UE on the selected beams
· The UE can select an alternative beam from the other beams in the gNB -configured set containing more than one UL beam




For very high mobility scenarios, the propagation channel varies at faster rate, existing beam gets blocked and new beam appears more frequently. If beam management and indication could response fast enough to utilize the stronger channel and new beam, system performance can be improved. Beam updating decision is made by the network based on the beam measurement report performed and sent by the UE, e.g. L1-RSRP or L1-SINR. Often the measurement results are not filtered so it is an instantaneous indication of channel conditions or beam directions. We may consider update common beam without signalling in this case. For example, network may configure PDCCH search space on extra CORESET without QCL assumption initializations. After the UE sends beam measurement report on the uplink, the UE performs extra blind decoding of the PDCCH from search space on the extra CORESET with candidate QCL-Type-D assumption. The candidate QCL-Type-D assumption may be derived from the latest measurement report sent. Both the network and the UE derive the same candidate QCL-Type-D assumption by following the same agreed scheme. The network may or may not utilize the candidate QCL-Type-D assumption for common beam transmission.  A successful decoding of the PDCCH from search space on the extra CORESET with candidate QCL-Type-D assumption will serve as gNB’s confirmation of applying the candidate QCL-Type-D assumption.  This scheme is for Opt 1-A as listed in the agreements.
To illustrate the latency reduction for beam indication based on the proposed method, Figure 2 shows the beam indication procedure for (a) dynamic beam update based on beam report (proposed method); and (b) existing schemes.  In Figure 2 (b), it  is assumed that the candidate beam reported in the UE’s L1-RSRP/L1-SINR report is not in the original TCI state pool so that the gNB needs to perform RRC reconfiguration of the TCI state pool, which incurs a latency of about 10 ms.  Also, according to [5], if the target TCI state is not in the active TCI state list for PDSCH, additional latency due to waiting for the first SSB transmission after MAC CE command is needed, which is indicated by the SSB transmission shown in Figure 2 (b).  This latency depends on the period of the SSB with a typical value of 20 ms.  Comparing Figure 2 (a) and (b), we observe that the propsed method can reduce the latency by approximately 30 ms from the existing schemes. The saving in latency of about 30 ms by the proposed method comes mainly from removing the RRC reconfiguration of TCI state pool (~10 ms) and removing the SSB waiting time (~20 ms).  With this latency reduction, the latency for beam indication can be reduced by about an order of magnitude by the proposed method. 
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	(a)
	(b)


[bookmark: _Ref58941569]Figure 2: Beam indication	procedure for (a) Dynamic beam update based on beam report; and (b) Existing schemes
Based on the above analysis, we propose the following:
Proposal 3: FeMIMO supports UE-initiated beam selection/activation based on beam measurement (without beam indication or activation from NW).  

Conclusions
In this contribution, we present our views on enhancement on multi-beam operation.  Based on the discussions in the previous sections we propose the following: 
Proposal 1: FeMIMO supports separate TCI state pools for DL and UL for separate DL and UL TCI state update (beam indication).  
Proposal 2: For L1/L2-centric inter-cell beam management, it is possible that UE timing assumption on reception of signals from TRPs with PCIs different from the serving cell compared to that for serving cell is asynchronous.
Proposal 3: FeMIMO supports UE-initiated beam selection/activation based on beam measurement (without beam indication or activation from NW).
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