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Introduction
In this paper, we provide our views on enhancements for multi-beam operation in R17 [1].
Unified TCI framework
Regarding unified TCI framework, the following was agreed in RAN1#102-e meeting:
	1. [Issue 1] For Rel.17 NR FeMIMO, on the unified TCI framework
0. Support joint TCI for DL and UL based on and analogous to Rel.15/16 DL TCI framework
0. The term “TCI” at least comprises a TCI state that includes at least one source RS to provide a reference (UE assumption) for determining QCL and/or spatial filter 
0. The source reference signal(s) in M TCIs provide common QCL information at least for UE-dedicated reception on PDSCH and all or subset of CORESETs in a CC
1. FFS: Optionally this common QCL information can also apply to CSI-RS resource for CSI, CSI-RS resource for BM, and CSI-RS for tracking
1. FFS: Applicability on PDSCH includes PDSCH default beam
1. Working Assumption: Select between M=1 and M>=1
0. The source reference signal(s) in N TCIs provide a reference for determining common UL TX spatial filter(s) at least for dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC, 
2. Optionally, this UL TX spatial filter can also apply to all SRS resources in resource set(s) configured for antenna switching/codebook-based/non-codebook-based UL transmissions
2. FFS:  applicability of this UL TX spatial filter to SRS configured for beam management (BM)
2. FFS: PUSCH port determination based on the TCI, e.g., to be mapped with SRS ports analogous to Rel.15/16
2. Working Assumption: Select between N=1 and N>=1
0. FFS: extension to common QCL information applied to only some of the CORESETs or PUCCH resources in a CC, e.g. for mTRP 
0. FFS: When used for the purpose of joint beam indication for UL and DL, whether a joint TCI pool for DL and UL dedicated for the purpose is used, or the same TCI pool as that used for the purpose of separate DL/UL beam indication is used 
0. Note: The resulting beam indication directly refers to the associated source RS(s)
0. FFS (RAN1#103-e): Details on extension to intra- and inter-band CA
0. FFS (RAN1#103-e): The supported number of active TCI states considering factors such as multi-TRP and issue 6 
0. FFS (RAN1#103-e): Applicable QCL types, and co-existence with DL TCI and spatial relation indication in Rel.15/16
0. In RAN1#103-e, investigate, for the purpose of down selection, the following alternatives for accommodating the case of separate beam indication for UL and DL
1. Alt1. Utilize the joint TCI to include references for both DL and UL beams
1. Alt2. Utilize two separate TCI states, one for DL and one for UL. The TCI state for the DL is the same as agreed in 1a. The TCI state for the UL can be newly introduced.
1. Alt 2-1: The UL TCI state is taken from the same pool of TCI states as the DL TCI state
1. Alt 2-2: The UL TCI state is taken from another pool of TCI states than the DL TCI state
1. Note: The resulting beam indication directly refers to the associated source RS(s)
1. FFS (RAN1#103-e): Details on extension to intra- and inter-band CA
1. Note: This may be related to issue 5 as well as other reasons for different TCIs such as network flexibility/scheduling
0. Support the use of SSB/CSI-RS for BM and/or SRS for BM as source RS to determine a UL TX spatial filter in the unified TCI framework
2. Whether the UL TX spatial filter corresponds to UL TCI (separate from DL TCI) depends on the outcome of 1b) above
2. FFS: Support the use of non-BM CSI-RS and/or non-BM SRS in addition
0. In RAN1#103-e, decide if SRS for BM can be configured as a source RS to represent a DL RX spatial filter in the unified TCI framework
0. In RAN1#103-e, decide/finalize all other parameters included in or concurrent with (but not included in) the TCI, e.g. UL-PC-related parameters (involving P0/alpha, PL RS, and/or closed loop index), UL-timing-related parameters  
0. In RAN1#103-e, identify issues pertaining to alignment between DL and UL default beam assumptions using the unified TCI framework


In the agreement above, ‘unified TCI framework’ include both ‘joint TCI for DL and UL’ and ‘separate beam indication for UL and DL’ (where different ways of defining ‘DL TCI’ and ‘UL TCI’ were listed). The mixture of ‘unified TCI’, ‘joint TCI’, ‘DL TCI’, and ‘UL TCI’ are sometimes confusing and difficult for an efficient discussion. For this reason, at this point, we suggest focusing on functionalities to support.
Joint/separate TCI for DL and UL
In R15/R16, the TCI state indicated for PDCCH can serve as a ‘joint TCI’ for PDCCH, PDSCH, PUCCH, PUSCH, and SRS. To be specific, when all the CORESETs are provided with the same TCI state, and the TCI/QCL of PDSCH is configured as to follow that of lowest latest monitored CORESET, while default spatial relation of PUCCH/PUSCH/SRS, which follows QCL TypeD RS of lowest configured CORESET, are enabled, the TCI state indicated for PDCCH (all CORESETs) will become a ‘joint TCI’ for PDCCH, PDSCH, PUCCH, PUSCH, and SRS. This kind of ‘joint TCI’ indication is depicted in the figure below. In addition, as simultaneous multi-CC TCI indication for PDCCH has been supported in R16, such mechanism can be readily applied to the cases with intra/inter-band CA. 
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Figure 1 Specification support of ‘joint TCI’ in R15/R16
In our reading, while some further signaling optimization is possible, without considering FFS points from RAN1#102e agreements, the core functionality described in the agreement of ‘joint TCI for DL and UL’ can already be supported by R15/R16 (as discussed above). In addition, while some extension/optimization is possible, the case with ‘separate beam indication for DL and UL’ is also possible with PDSCH TCI following PDCCH and PUSCH (when scheduled by DCI format 0_0) spatial relation following PUCCH in R15. With these in mind, our view is the additional functionalities introduced in R17 can be added on top of the existing specification support, only if needed. One additional reason for this suggestion is for higher efficiency and better consistency/co-existence, as all other topics within and outside MIMO are conducting their work based on R16 specification.
Observation 1: The core functionality of ‘joint TCI for DL and UL’ can be mostly supported by default QCL/spatial-relation in R15 and R16.
Proposal 1: ‘Unified TCI framework’ in R17 including ‘joint TCI for DL and UL’ and ‘separate beam indication for UL and DL’ should at least cover the functionalities supported by default QCL and default spatial relation in R15/R16, and additional functionalities in R17 (if agreed) are to be incorporated based on existing specification support.
The key difference between the agreement up to now and R16 specification appears to be whether to introduce M>=1 ‘joint’ TCIs, to be applied to different subsets of CORESETs, which is primarily for DL mTRP operation. It is still ongoing discussion about whether/how mTRP-based PDCCH transmission (e.g., TDM/FDM/SFN schemes) would be supported in R17. If the agenda of <8.1.2.1 Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH> decides to support configuring two TCI states for one CORESET, the discussions here, which is considering ‘subset of CORESETs’, may need to be updated. In addition, if M>=1 ‘joint’ TCIs are applied to SFNed PDCCH reception, we want to clarify that this does not imply the support of simultaneous multi-UE-panel transmission (STxMP), which has been explicitly down-selected during RAN plenary discussions. In this case, if M>=1 ‘joint’ TCIs are to be supported, certain rule for picking one TCI out of M TCIs for determine UL Tx spatial filter at a time should be considered. Furthermore, it is our understanding that the discussion on whether to support N>=1 ‘joint’ TCIs for UL does not imply STxMP either. Given that the design of mTRP-based PUCCH/PUSCH transmission are basically TDMed (according to latest agreement in the agenda of <8.1.2.1 Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH>), we assume N>=1 ‘joint’ TCIs for UL (if agreed) will be applied in a TDMed manner. Last but not least, if, as listed in the agreement, M TCIs are indicated for DL, N TCIs are indicated for UL, and M>N, we are a bit confused on whether they still can/should be collectively referred to as ‘joint TCI for DL and UL’ and wish to see some clarifications. 
Proposal 2: For whether/how to support >=1 ‘joint’ TCIs, the design of mTRP transmission for PDCCH/PUCCH/PUSCH in the agenda of 8.1.2.1 and the preclusion of simultaneous multi-UE-panel transmission should be considered jointly. 
In R15/R16, the source RS in spatial relation can be SSB or CSI-RS or SRS, without being restricted to CSI-RS/SRS for BM only. This is partially reflected in the agreement above. Still, the agreement above says little about source RS for ‘joint TCI for DL and UL’. In R15/R16, SSB can be used as QCL source for PDCCH/PDSCH only during initial access stage, and in CONNECTED mode, only CSI-RS can be included in the TCI state indicated for PDCCH/PDSCH. Such design is to ensure demodulation performance for PDCCH/PDSCH, as CSI-RS (including CSI-RS for tracking, BM, and CSI) provides larger frequency span and higher time density. Evaluation results have been reported in [2][3],  reflecting the performance loss from using 20RB (which is the bandwidth of SSB) over using 64RB (available from CSI-RS) to facilitate time/frequency tracking. As can be seen, the loss is quite significant in high SINR region.  For reader’s convenience, we copied one result below, where X denotes burst length for CSI-RS for tracking (X=1 indicates one slot while X=2 indicates two slot). According to current specification, CSI-RS for tracking can be configured with either 52RB bandwidth or with the same bandwidth as active BWP. In this sense, CSI-RS for tracking can enable fine time/frequency tracking to facilitate the demodulation of PDCCH/PDSCH transmitted in the corresponding frequency position of the active BWP, which is not possible for SSBs which span 20RBs only. In addition, it was agreed/specified in R15 that NW has to configure CSI-RS for tracking to facilitate PDCCH/PDSCH demodulation, with which there is no need to introduce SSB as source RS in ‘joint TCI for DL and UL’ or ‘DL  TCI’. With these in mind, we suggest keeping the same design principle in R17, leading to the proposal below. 
Proposal 3: To guarantee demodulation performance of PDCCH/PDSCH, similar as R15/R16, source RS in ‘joint TCI for DL and UL’ or ‘DL TCI’ in R17 should include CSI-RS only (not including SSB).
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Figure 2 Performance of using 20 and 64 RBs to facilitate time/frequency tracking for PDSCH demodulation [3]
Applicable channels and signals
As listed in the agreement above, whether to apply indicated ‘joint TCI’ to CSI-RS/SRS for BM, CSI-RS for CSI, and CSI-RS for tracking is to be discussed. Initially, we thought applying ‘joint TCI’ to these signals may help save signalling overhead. After checking further, we found that CSI-RS/SRS for BM are meant to support beam training with multiple candidate beams, with which the ‘joint TCI’, which is mainly for active control/data channels, should naturally not be applied. As for CSI-RS for CSI, not applying ‘joint TCI’ would allow NW to configure UE to report CSI for a candidate beam pair before switching to it, therefore it is preferred not to apply ‘joint TCI’ to CSI-RS for CSI. When it comes to CSI-RS for tracking, which is the primary source of QCL for PDCCH/PDSCH in R15/R16, applying ‘joint TCI’ to CSI-RS for tracking may create a chicken-and-egg problem and disable NW to configure UE to perform time/frequency tracking for multiple beam pairs, hence it is not preferred. 
Proposal 4: ‘Joint TCI for DL and UL’ or ‘DL TCI’ or ‘UL TCI’ in R17 should not be configured for or applied to CSI-RS/SRS for BM, CSI-RS for CSI, or CSI-RS for tracking.
PUSCH port and power control
For codebook/non-codebook based UL transmission in R15/R16, the PUSCH ports are determined based on the indicated SRS resource(s) transmitted before the scheduling DCI. As captured in the agreement, whether to support PUSCH port determination based on TCI (e.g., to be mapped with SRS ports) is to be discussed. Given that SRS transmission before scheduling DCI is needed anyway and existing mechanism can point to these SRS already, we are not sure about the benefits of building a mapping between SRS ports and TCI, instead of referring to SRS directly. For simplicity/efficiency, we prefer to keep PUSCH port determination mechanism in R15/R16 (i.e., following indicated SRS directly).
In R15/R16, the power control parameters for PUCCH, PUSCH, and SRS are separately configured, for the reason that they are transmitted in different form/format(s) and targeted for different SNR regions. In our view, to allow for different power control loops for PUCCH, PUSCH, and SRS, it is better to keep power control parameters separated from joint TCI or UL TCI in R17. 
Proposal 5: Reuse the PUSCH port determination mechanism supported by R15/R16, i.e., following indicated SRI directly, and uplink power control parameters shall not be included in ‘UL TCI’ in R17.

L1/L2-centric inter-cell mobility
Regarding L1/L2-centric inter-cell mobility, the following was agreed in RAN1#102-e meeting:
	1. [Issue 2] For Rel.17 NR FeMIMO, on L1/L2-centric inter-cell mobility: 
1. In RAN1#103-e, finalize scope and use cases for L1/L2-centric inter-cell mobility, including: 
0. Applicability in various non-CA and CA setups such as intra-band and inter-band CA
0. Use cases in comparison to Rel.15 L3-based handover (HO) taking into account potential extension of DAPS-based Rel.16 mobility enhancement to FR2-FR2 HO
0. The extent of RAN2 impact (MAC CE, RRC, user plane protocols)
0. Network architecture, e.g. NSA vs. SA, inter-RAT scenarios
1. In RAN1#103-e, depending on the outcome of 2a), further identify additional components –along with the associated alternatives –required for supporting inter-cell mobility based on the same unified TCI framework as that for intra-cell mobility (including dynamic TCI state update signaling), including
1. Method(s) for incorporating non-serving cell information associated with TCI
1. Method(s) for DL measurements and UE reporting (e.g. L1-RSRP) associated with non-serving cell(s)
1. UE behavior for reception of signals and non-UE-specific control and data channels associated with non-serving cell(s) 
1. UL-related enhancements, e.g. related to RA procedure including TA
1. [bookmark: _GoBack]Beam-level event-driven mechanism for L1/L2-centric inter-cell mobility


To discuss the scope and use cases for L1/L2-centric inter-cell mobility, we checked our own RAN2/RAN3 colleagues and are informed that there can be quite some dependency on and impacts to them. 
First, RAN2 defines security functions such as integrity protection and ciphering, which are configured via L3 signalling [4]. During mobility procedures, the security functions and keys are updated as different cells typically use different parameters. This is also to satisfy backward security requirement so that later cell cannot know the security key used in previous cell. Because an L1/L2-centric inter-cell mobility solution is expected not to rely on L3 signaling, the UE needs to keep the same security parameters as it goes from source to target cell, which may break the principles of network security. 
In addition, per feedback from our own RAN3 colleagues, there is a CU-DU split architecture. The DU will identify and handle the L1/L2 signalling while the CU handles the L3 signalling and makes the handover decision. If L2/L2-centric inter-cell mobility is to be supported, it requires to re-define the role of CU/DU in such split architecture (e.g., CU to handle L1/L2 signalling?). Such question seems to be beyond RAN1 coverage (at least to us) and fall sunder RAN2 or RAN3’s expertise. 
In light of the above, we make the following observation and proposal:
Observation 2: Introducing L1/L2-centric inter-cell mobility may require revisiting the principles of network security and CU/DU split architecture.
Proposal 6: RAN1 needs to check with RAN2/RAN3 on feasibility and impacts of L1/L2-centric inter-cell mobility, including but not limited to network security and CU-DU split architecture.
While waiting for feedback from RAN2/RAN3, there could be something that can be discussed in RAN1. With L1/L2-centric inter-cell mobility, it is expected that the serving cell configurations in source/target cells cannot be completely different. Still, how different the source/target cells can be is unclear. For example, in R15/R16, it is up to NW implementation on whether to assign the same C-RNTI for one UE moving from one cell to another. As shown in the figure below, if a UE from Cell1 moves to Cell3: is it the intention of L1/L2-centric inter-cell mobility solution that the UE’s C-RNTI remains unchanged? 
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Figure 3 C-RNTI allocation when UE moves across cells
In addition, the purpose of RACH in L3-HO is to let target cell know that the UE has applied serving cell configuration supplied by target cell and also to enable uplink synchronization and timing estimation. Another important question is: Would L1/L2-centric inter-cell mobility solution use RACH to notify the target cell of the UE’s impending arrival and to estimate its timing advance? If not, how can the target cell obtain the timing advance for this UE?
In light of the above, we make the following proposal:
Proposal 7: RAN1 needs to clarify whether L1/L2-centric inter-cell mobility would support keeping/updating the UE’s C-RNTI and acknowledging HO completion to target cell via RACH.
Dynamic TCI update 
Regarding dynamic TCI update signaling medium, the following was agreed in RAN1#102-e meeting:
	1. [Issue 3] For Rel.17 NR FeMIMO, on dynamic TCI state update signaling medium: 
2. In RAN1#103-e, investigate, for the purpose of down selection, the following alternatives:
0. Alt1. DCI
0. Alt2. MAC CE
0. Note: Combination between DCI and MAC CE for, e.g. different use cases or control information partitioning can also be considered 
0. Note: The study should consider factors such as feasibility for pertinent use cases, performance (based on at least the agreed EVM), overhead (including PDCCH capacity), latency, flexibility, reliability including the support of retransmission 
0. Note: This may be related to outcome of issue 1a), 1b), and 6a)
2. In RAN1#103-e, depending on the outcome of 3a), identify candidates for more detailed design issues for the dynamic TCI state update such as 
1. Exact content 
1. Signaling format 
1. Reliability aspects including the support of retransmission
1. Extensions, including the support of UE-group (in contrast to UE-dedicated) signaling


We compare DCI and MAC-CE as the signaling medium for TCI state update.
Latency and performance
One motivation for DCI based TCI state update is shorter latency. As mentioned by companies, the latency of DCI-based TCI state update is 3~5ms shorter than MAC-CE-based TCI state update. We did some SLS to check how such latency difference can impact the performance. For the speed of 30/60/120 km/h, UMi scenario is assumed. For the speed of 256 km/h, HST scenario is considered. Other assumptions follow those in [5]. In UMi scenario, a general DFT beam pattern is adopted, with 8 horizontal beams covering a cell according to (4, 8, 2, 2, 2) antenna setting. In HST scenario, a dedicated beam pattern is considered (figure below), with wide beam covering the close point, narrow beam covering the remote point, and 5 beams covering the intended area of one cell, avoiding unnecessary beam switching while ensuring sufficient beamforming gain 
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Figure 4 Beam pattern for HST scenario
In those scenarios, the average beam dwelling time is provided in Table 1. As shown in Table 1, the average dwelling time at each NW beam is 1.1/0.56/0.31 second for a speed of 30/60/120 km/h in UMi scenario, and 0.58 second for 256km/h in HST scenario. Comparing to such dwelling time, 3~5ms TCI state update latency is relatively small. As shown in Table 1, when MAC-CE based TCI state update is experiencing 5 ms delay compared with DCI-based TCI state update, the resulting throughput difference is no larger than 0.15%. If we consider a 3~3.5ms switching delay for MAC-CE, the performance difference would be even smaller.
Observation 3: Throughput gain of DCI-based over MAC-CE-based TCI state update (resulting from shorter signalling delay) is no larger than 0.15%.
Table 1 Beam dwelling time and throughput difference
	
	30km/h (UMi)
	60km/h (UMi)
	120km/h (UMi)
	256km/h (HST)

	Dwelling time
	1.1s
	0.56s
	0.31s
	0.58s

	Throughput difference with 5ms beam switch delay
	0.05%
	0.09%
	0.15%
	0.11%


Reliability, overhead and flexibility
Back in R15, DCI-based TCI state update for PDCCH was discussed but not adopted, and only MAC-CE-based TCI state update is supported for PDCCH. One reason is that DCI itself usually does not have HARQ/ACK feedback, with which there is no guarantee on synchronous beam switching at NW and UE, and it is also less reliable as compared with MAC-CE (especially in the case with large payload), as fall-back DCI (i.e., format 1_0) can be used to schedule PDSCH carrying MAC-CE, with which HARQ/ACK and soft-combining for PDSCH are both supported. We noticed that companies suggested introducing HARQ/ACK for DCI-based TCI state update for PDCCH. In our view, such design may not enable soft-combining for DCI (with blind detection), but would incur extra overhead on uplink feedback channel in addition to existing MAC-CE HARQ/ACK. In this sense, it is less motivated to introduce DCI-based TCI update for PDCCH, considering required specification efforts and UE complexity. . 
Assuming HARQ/ACK is supported for DCI-based TCI state update, it was mentioned by companies that MAC-CE-based TCI state update would incur more overhead, as MAC-CE is carried over additionally scheduled PDSCH. This appears to assume that all signalling payload in MAC-CE can be moved into DCI. At this moment, we are not sure whether this is feasible, given that the unified TCI framework is expected to cover various functionalities and scenarios. In addition, when it comes to overhead, it goes without saying that DCI overhead is much more important than MAC-CE, which is carried over PDSCH (not based on blind detection). If a dedicated DCI format is introduced, the overhead in terms of UE blind detection and NW scheduling flexibility, which is already a bottleneck for intra-band CA operation in FR2, should be taken into account. In this sense, the overhead of MAC-CE-based TCI state update would actually be smaller than DCI-based TCI state update. Even if we assume the signalling payload for updating TCI state is moved into DCI and disregard the overhead on UE blind detection and NW scheduling flexibility, the additional overhead from PDSCH carrying MAC-CE is quite small. Assume 5 UEs in a cell are moving with a speed of 60km/h. The average beam dwelling time is about 0.56 second (based on Table 1), and such a duration has 4480 slots (assuming 120 kHz SCS) and 62,720 symbols. If one symbol in every 0.56 second is occupied for sending MAC-CE to one UE, considering the minimum scheduling unit is two symbols, the additional system overhead for 5 UEs is 0.016%. Furthermore, the MAC-CE may occupy only a few RBs over 100/200MHz system bandwidth and MAC-CE can be transmitted together with DL data, with which the actual additional system overhead is even smaller. 
According the WID, the unified TCI framework is expected to cover intra-band CA, L1/L2-centric inter-cell mobility, UL fast panel selection, HST scenario with mTRP transmission, and possibly multi-panel reception. To cover these scenarios and functionalities in R17 and future NR releases, it is our view that MAC-CE based TCI updating is more flexible and extendable in standard design, in term of signalling construction, payload size and transmission opportunity(as MAC-CE can be transmitted together with flexibly scheduled DL data, without consuming extra HARQ process). In terms of signalling architecture/procedure as shown in Figure 5, a 2-step indication of RRCMAC-CE (with MAC-CE referring to the pool configured by RRC directly) is also more flexible compared with a 3-step indication of RRCMAC-CE DCI (where DCI switching needs to be restricted to those activated by MAC-CE due to payload limitations). For 2-step indication of RRCDCI, a series issues such as DCI payload and DCI reliability make this option not preferred. Based on the experience from R15/R16, it is relatively clearer on how to apply the TCI state indicated by MAC-CE to PDCCH, it is unclear how to apply a TCI state indicated by DCI to subsequent PDCCH buffering/detection (e.g., effective timing, applicable range/type), which may require lengthy discussions without delivering meaningful gains. 
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Figure 5 Signalling architectures of TCI state update
Observation 4: Compared with DCI-based TCI state update, MAC-CE-based TCI state update provides better reliability and higher flexibility, with less or comparable overhead. 
After comparing the latency, performance, reliability, overhead, and flexibility of DCI and MAC-CE based TCI state update, we propose:
Proposal 8: Support using MAC-CE for joint/separate TCI update for DL/UL for intra-band CA in R17.
Fast UL panel selection
Regarding fast UE panel selection, the following was agreed in RAN1#102-e meeting:
	1. [Issue 4] For Rel.17 NR FeMIMO, on MP-UE assumption to facilitate fast UL panel selection:
3. The following assumptions are used: 
0. In terms of RF functionality, a UE panel comprises a collection of TXRUs that is able to generate one analog beam (one beam may correspond to two antenna ports if dual-polarized array is used)
0. UE panels can constitute the same as well as different number of antenna ports, number of beams, and EIRP 
0. No beam correspondence across different UE panels
0. FFS: For each UE panel, it can comprise an independent unit of PC, FFT timing window, and/or TA.
0. FFS: Same or different sets of UE panels can be used for DL reception and UL transmission, respectively
3. In RAN1#103-e, identify candidate use cases including MPE, and consider remaining aspects if use cases are identified
3. In RAN1#103-e, identify candidate signaling schemes for the following:
2. NW to MP-UE (taking into account potential extension of the unified TCI framework in issue 1)
2. MP-UE to NW


In terms of multi-panel UE assumption, as panel-specific uplink timing and power control are the pre-requisite of fast UE panel selection, we suggest taking the following assumption. 
Proposal 9: Each UE panel can comprise an independent unit of uplink power and timing control.
Regarding whether the same or different sets of active UE panels are used for DL and UL, we don’t see the use case where one active UE panel can only be used for DL reception while another active UE panel can only be used for UL transmission. In our view, the other active UE panel for UL transmission can naturally be used for DL reception when scheduled by NW, with which the active UE panels for DL and UL are still the same. With the same set of active UE panels, NW can schedule UE to receive with maximum 2 panels and transmit with maximum 1 panel. Keeping the same set of active UE panels for DL and UL can help mitigating UE complexity and power consumption. With this in mind, we propose:
Proposal 10: Support using the same set of active UE panels for DL reception and UL transmission and the number of UL transmission panels is limited to one. 

MPE mitigation
Regarding MPE mitigation, the following was agreed in RAN1#102-e meeting:
	1. [Issue 5] For Rel.17 NR FeMIMO, on MPE mitigation (that is, minimizing the UL coverage loss due to the UE having to meet the MPE regulation), in RAN1#103-e: 
4. If needed, identify candidate solutions to be down-selected in future meeting(s). The following sub-categories can be used:
0. CAT0. The need for specification support for MPE event detection and, if needed, candidate solutions
0. CAT1. The need for UE reporting associated with an MPE and/or a potential/anticipated MPE event if the UE selects a certain UL spatial resource, e.g., corresponding to DL or UL RS
0. CAT2. The need for NW signaling in response to the reported MPE event (taking into account issue 1) and UE behavior after receiving the NW signaling
0. Note: RAN4 has agreed to specify P-MPR reporting (cf. CRs for TS 38.101/102/133) which can be used as a baseline scheme for further enhancement
0. Note: This may be related to outcome of issue 4b)
4. Companies are encouraged to submit evaluation results based on the agreed EVM to justify the benefits of the candidate solutions


For MPE event detection, we checked with our RAN4 colleagues and are informed that it is unspecified in RAN4 in R16. As different UEs may apply different methods to estimate MPE event (e.g., based on received signal quality or collected sensor feedback), similar to the situation in RAN4, we suggest leaving MPE event detection to UE implementation.
As for MPE event reporting, the P-MPR reporting introduced by RAN4 in R16 is triggered when the P-MPR value (corresponding to the active uplink beam pair) exceeds a NW-configured threshold. In our view, RAN1 can reuse such mechanism but with an enhancement of panel-specific P-MPR reporting for multiple UE panels. To be specific, within one reporting, the UE can provide multiple P-MPR values corresponding to multiple UE panels, with which NW can select the UE panel with best UL reception quality (taking reported P-MPR value into account). 
Proposal 11: MPE event detection is up to UE implementation.
Proposal 12: Support UE-initiated panel-specific P-MPR reporting to assist UL panel selection/switching.

Advanced beam refinement/tracking 
Regarding advanced beam refinement/tracking, the following categorization was shared by the moderator after RAN1#102-e meeting:
	1. Advanced beam refinement and tracking targeting high-mobility and large number of configured TCI states - given the unified TCI framework design for intra- and L1/L2-centric inter-cell mobility, and multi-panel UE support (cf. the above aspect 1, 2, 3, and 4)
1) Overhead and latency reduction of beam refinement  
i. Goal: evaluate and select schemes (including NW signaling and configuration as well as UE signaling) to enable faster gNB/UE beam refinement  
ii. Refinement is understood as selecting narrower (more spatially precise) beam from a set of candidate beams (gNB and/or UE beams, jointly or separately) which also includes beam sweeping 
2) Overhead and latency reduction of beam tracking 
i. Goal: evaluate and select schemes (including NW signaling and configuration as well as UE signaling) to enable faster gNB and/or UE beam tracking
ii. Tracking is understood as prompt/predictive response to the change in propagation link 
Note: the following factors should be considered in the above design aspects
· CA and cross-carrier scheduling operation (e.g. inter- and intra-band CA, FR1/FR2 CCS)
· Beam correspondence assumption
· Performance assessment based on the agreed EVM


As specified in TS 38.133 [6], if the indicated TCI state is not in the list of activated TCI states for PDSCH, some additional delay for waiting for the 1st SSB occasion after TCI indication is required. There were proposals in RAN1#102-e meeting to reduce such delay in R17. We checked with our own RAN4 colleagues and the feedback is that this delay is for UE to re-acquire or update DL synchronization based on the associated SSB. Given that such additional delay was introduced by RAN4, if further reduction or enhancement is to be discussed in RAN1, we suggest confirming with RAN4 on the feasibility and potential impacts to them. In the end, this delay was captured in RAN4 specs, and if some enhancement is introduced by RAN1, some harmonization between RAN1 and RAN4 specs would be needed. 
Proposal 13: If the additional activation delay, caused by waiting for next SSB occasion after TCI indication, is to be reduced, confirm with RAN4 on feasibility and impacts firstly before RAN1 decision.

Summary of proposals
The observations and proposals of this paper are summarized as follows. We have the following observations:
Observation 1: The core functionality of ‘joint TCI for DL and UL’ can be mostly supported by default QCL/spatial-relation in R15 and R16.
Observation 2: Introducing L1/L2-centric inter-cell mobility may require revisiting the principles of network security and CU/DU split architecture.
Observation 3: Throughput gain of DCI-based over MAC-CE-based TCI state update (resulting from shorter signalling delay) is no larger than 0.15%.
Observation 4: Compared with DCI-based TCI state update, MAC-CE-based TCI state update provides better reliability and higher flexibility, with less or comparable overhead. 
And we also have the following proposals:
Proposal 1: ‘Unified TCI framework’ in R17 including ‘joint TCI for DL and UL’ and ‘separate beam indication for UL and DL’ should at least cover the functionalities supported by default QCL and default spatial relation in R15/R16, and additional functionalities in R17 (if agreed) are to be incorporated based on existing specification support.
Proposal 2: For whether/how to support >=1 ‘joint’ TCIs, the design of mTRP transmission for PDCCH/PUCCH/PUSCH in the agenda of 8.1.2.1 and the preclusion of simultaneous multi-UE-panel transmission should be considered jointly. 
Proposal 3: To guarantee demodulation performance of PDCCH/PDSCH, similar as R15/R16, source RS in ‘joint TCI for DL and UL’ or ‘DL TCI’ in R17 should include CSI-RS only (not including SSB).
Proposal 4: ‘Joint TCI for DL and UL’ or ‘DL TCI’ or ‘UL TCI’ in R17 should not be configured for or applied to CSI-RS/SRS for BM, CSI-RS for CSI, or CSI-RS for tracking.
Proposal 5: Reuse the PUSCH port determination mechanism supported by R15/R16, i.e., following indicated SRI directly, and uplink power control parameters shall not be included in ‘UL TCI’ in R17.
Proposal 6: RAN1 needs to check with RAN2/RAN3 on feasibility and impacts of L1/L2-centric inter-cell mobility, including but not limited to network security and CU-DU split architecture.
Proposal 7: RAN1 needs to clarify whether L1/L2-centric inter-cell mobility would support keeping/updating the UE’s C-RNTI and acknowledging HO completion to target cell via RACH.
Proposal 8: Support using MAC-CE for joint/separate TCI update for DL/UL for intra-band CA in R17.
Proposal 9: Each UE panel can comprise an independent unit of uplink power and timing control.
Proposal 10: Support using the same set of active UE panels for DL reception and UL transmission and the number of UL transmission panels is limited to one. 
Proposal 11: MPE event detection is up to UE implementation.
Proposal 12: Support UE-initiated panel-specific P-MPR reporting to assist UL panel selection/switching.
Proposal 13: If the additional activation delay, caused by waiting for next SSB occasion after TCI indication, is to be reduced, confirm with RAN4 on feasibility and impacts firstly before RAN1 decision.
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