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1 Introduction
In RAN1#102-e, the evaluation methodology and issue categorization on multi-beam enhancement were discussed. The agreements [1] provide preliminary details for enhancement on multi-beam operation. In this contribution, our views on enhancements including unified TCI framework, L1/L2-centric inter-cell mobility and UL beam selection for UE with multiple panels are elaborated.
2 Enhancement for efficient DL/UL beam management
2.1 Unified TCI framework for both DL and UL
The objective of unified TCI framework is to achieve a flexible beam update scheme for DL/UL data and control transmission/reception with low signalling overhead and latency. It was discussed in RAN1#102-e and has been agreed [1] to support joint TCI for DL and UL based on and to be analogous to Rel. 15/16 DL TCI framework. The term “TCI” at least comprises a TCI state that includes at least one source RS to provide a reference for determining QCL and/or spatial filter. 
2.1.1 Transmission parameters for DL and UL transmission
In order to extend the functionality of Rel-15/16 DL TCI framework to further include UL transmission, the following necessary transmission parameters for DL and UL should be determined according to the TCI state applied to the DL and UL channel(s) or signal(s). 
· QCL assumption for DL channel(s) or RS resource(s).
· Spatial relation and power control parameters (e.g., P0, PL-RS, alpha and closed loop process) for UL channel or signal. 
· Power control parameters can be explicitly mapped to TCI state (analogous to Rel.15/16), especially for PL RS, due to the fact that the PL RS should be periodic RS with a wide beam but the QCL Type D RS may be semi-persistent or aperiodic RS with a narrow beam..
· Port parameter for PUSCH transmission (e.g., similar to SRI indication in Rel-15/16).
2.1.2 General framework for unified TCI for DL and UL
To achieve the above goal, the general framework for unified TCI framework for both DL and UL transmission is recommended as shown in Figure 1. 
· For a DL transmission, e.g., PDCCH/PDSCH/CSI-RS, the applied TCI state can provide the corresponding QCL assumption as in Rel-15/16. 
· For an UL transmission, e.g., PUCCH/PUSCH/SRS, 
· The applied TCI state can also provide spatial relation with a reference to a source RS for QCL-TypeD in the TCI state. 
· Also, the applied TCI state can further provide power control parameters that may be deduced via the association between TCI state and power control parameters.
· Note that, for PUSCH transmission, it is hard to obtain port indication for PUSCH transmission directly from DL RS in TCI state. The considerable solution is to associate SRS resource(s) or port parameters with a TCI state and then deliver port indication via the TCI state applied to the PUSCH transmission.
Some further analysis on mechanism and open issues of configuring association information between a TCI state and the necessary UL transmission parameters, including SRS resource or port parameter for PUSCH, and power control parameter for PUSCH/PUCCH/SRS, can be found in our companion contribution [1]. 


Figure 1 Unified TCI framework for DL and UL transmissions
Proposal 1: For unified TCI framework to achieve common beam indication for both DL and UL transmission, the following aspects can be determined according to the indicated TCI state and its association information.
· QCL assumption for DL channel(s) or RS resource(s), e.g., PDCCH/PDSCH/CSI-RS.
· Spatial relation and power control parameters for UL channel or signal, e.g., PUCCH/PUSCH/SRS.
· SRS resource or port parameter for PUSCH transmission.
2.1.3 The number of TCI states to be indicated for transmission
The common TCI state provides common QCL information for DL transmission and/or UL TX spatial filter(s) for UL transmissions. Regarding the number of TCI states to provide QCL/spatial relation information in an indication command, i.e. M for DL TCI and N for UL TCI as agreed in RAN1#102e, whether the number should be larger than 1 still remains undecided as working assumption. In our opinion, the number of TCI states to be indicated for transmission greater than 1 is used for mTRP scenario. For example, in mTRP with S-DCI, a TCI codepoint in a DCI can indicate two TCI states, each of which corresponds to one respective TRP. Considering there are still many remaining issues for sTRP (i.e., M=N=1) and many on-going discussion topics for Rel-17 mTRP, we suggest to focus on unified TCI framework for sTRP firstly and postpone the mTRP-related unified TCI discussion after the solution corresponding to sTRP is stable. 
Proposal 2: Regarding the number of TCI states to be indicated by a single command for DL and/or UL transmission,
· M=N=1 for sTRP should be discussed with high priority
· M>1, N>1 for mTRP should be postponed after sTRP framework is stable.
2.2 Signaling design for dynamic TCI state update
In this subsection, we discuss signalling design for unified TCI indication, including evaluation for DCI and MAC-CE based indication, signalling framework for TCI state indication, details on DCI based TCI state indication (e.g., DCI format, retransmission of DCI indication and SRS determination for PUSCH by TCI state).
2.2.1 Evaluation for DCI and MAC-CE based indication
It was discussed in RAN1#102-e on which kind of signaling, e.g., DCI or MAC-CE, can be used for unified TCI indication from a TCI state pool for DL and/or UL. And it was agreed that DCI and MAC-CE were two alternatives, and should be down selected in subsequent meeting.
	Agreement
1. [Issue 3] For Rel.17 NR FeMIMO, on dynamic TCI state update signaling medium: 
0. In RAN1#103-e, investigate, for the purpose of down selection, the following alternatives:
1. Alt1. DCI
1. Alt2. MAC CE
1. Note: Combination between DCI and MAC CE for, e.g. different use cases or control information partitioning can also be considered 
1. 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 
1. Note: This may be related to outcome of issue 1a), 1b), and 6a)
0. 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 
2. Exact content 
2. Signaling format 
2. Reliability aspects including the support of retransmission
2. Extensions, including the support of UE-group (in contrast to UE-dedicated) signaling


In high-speed train (HST) scenario as shown in Figure 2, we evaluate SLS performance for DCI and MAC-CE based approaches based on the intra-cell mobility in the agreed EVM assumption. Notice that speed of UE is 256 km/h. Due to the fact that there is the same distance between neighboring RRH and distance between a RRH and a track, we have similar observations for each of RRH(s) when a UE goes through it. For sake of presentation, we provide the simulation results from M point to N point (200m that it has the same distance between two neighboring RRHs) and from X point to Y point which is close to RRH3 (in order to present some more detailed results when the UE goes through RRH3) as in Figure 2. 
· Regarding MAC-CE based approach, since there is a single TCI state to be activated, further delay for frequency and time tracking (i.e., to be applied 2 ms after the first SSB after MAC-CE beam indication as discussed in Section 2.3) should be considered besides the latency for HARQ-ACK transmission.  So, in the SLS simulation, there is a total of 25 ms latency to be considered for MAC-CE approach, including 3 ms (corresponding to HARQ-ACK), 20 ms (waiting for first SSB), and 2 ms (effective latency for tracking the SSB).
· Regarding DCI based approach, there are multiple already activated TCI states, and we do not need to further consider the frequency and time tracking. Consequently, there is a total of 1 ms latency for DCI approach that corresponds to a potential HARQ-ACK transmission for the DCI indication, like HARQ-ACK procedure for SPS PDSCH release).
The SLS simulation results for HST scenario are provided as a function of time in Figure 3. It can be observed that, when the UE is close to the RRH, there is a very fast beam switching (beam dwelling time is no more than 20 ms). Due to the low latency of DCI based indication (e.g., 1 ms) compared with MAC-CE (25 ms), the DCI based approach can quickly track the beam changes. 


Figure 2 Intra-cell mobility in high-speed train (HST) scenario
As a result, it can be observed that there are significant performance gains in terms of RSRP and throughput when introducing DCI based approach for beam indication. 
· Regarding RSRP, in the extreme case (due to the beam misalignment between gNB and UE in MAC-CE), there are nearly 30 dB difference between DCI and MAC-CE based approaches. Some more details can be found in Figure 3 (d), e.g., at 0.2s.
· Regarding throughput, UPT results from X point to Y point and corresponding CDF curves are provided in Table 1 and Figure 4. There is distinct performance gains of DCI approach over MAC-CE. For instance, in terms of mean UPT, there is 10.54% performance gain due to saving the latency through using DCI based approach over MAC-CE.
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Figure 3 SLS results for high-speed train (HST) scenario as a function of time: (a) RSRP, (b) beam and RRH switching and (c) UPT from M to N; (d) RSRP, (e) beam and RRH switching and (f) UPT from X to Y 
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Figure 4 CDF for UPT results from X to Y in high-speed train (HST) scenario
Table 1	SLS results for DCI and MAC-CE based TCI indication from X to Y in high-speed train (HST) scenario
	UPT (Mbps)
	 mean
	5%-tile
	95%-tile

	MAC-CE
	573.1
(100%)
	367.5
(100%)
	976.0
(100%)

	DCI
	633.5
(+10.54%↑)
	400.8
(+9.06%↑)
	1066.5
(+9.27%↑)


Observation 1: From SLS evaluation results for intra-cell high mobility in HST scenario, it can be observed that 
· Severe RSRP and throughput degradation for MAC-CE based TCI indication occurs due to a long latency of TCI state indication (e.g., 25 ms mainly occurred by waiting for the first SSB after TCI state activation).
· Introducing DCI based TCI state indication with multiple activated TCI states (e.g., with a small latency of 1 ms) can bring significant performance gain over MAC-CE in terms of both cell-edge UE UPT and mean UPT.
Proposal 3: Support DCI based common beam indication for multiple channels in unified TCI framework.
2.2.2 Signaling framework for TCI state indication
In order to achieve the unified framework for beam indication of data and control transmission/reception for DL and UL, there should be a common RRC pool for unified TCI state(s) for both DL and UL as a baseline. 
· From the perspective of activated TCI state(s) by MAC-CE, a single common activated TCI pool is sufficient, like reusing the TCI state pool activated for PDSCH by MAC CE. 
· But, for the case of separate TCI indication for DL or UL (e.g., there may be different candidate TCI states for DL and UL considering MPE impact), we are open to further study the necessity of two separate pools for DL and UL, respectively. 
Specifically, regarding how to indicate the unified TCI state, there are the following two candidate modes which should be both considered.
· Mode-1 (Single command): The UE can be indicated an active common TCI state directly for both data and control transmission/ reception for DL and UL by a single command. Herein, the signalling overhead and latency can be further reduced especially for high-mobility scenario.
· Mode-2 (Separate commands): the UE can be separately indicated with an independent TCI state from the common TCI state pool for DL and UL by several independent commands. In such case, the gNB has flexibility to provide different TCI states for DL and UL channel/RSs, e.g. for use case of MPE.


Figure 5 Candidate modes for unified TCI indication: Mode-1 single command, Mode-2 separate commands 
For sake of presentation, one example for above two candidate modes is shown in Figure 5. In our views, both above modes are within the WI scope and should be considered for the enhancement accordingly. The solution of independent command based on the common pool, i.e. Mode-2, can be assumed as the straightforward enhancement for the existing framework of Rel-15 and Rel-16 beam indication. For simplicity, we can firstly discuss solutions for Mode-1, and try to further enhance unified TCI framework for Mode-2 once the solution for Mode-1 is completed. 
Proposal 4: Regarding signalling structure for achieving unified TCI framework,
· The common TCI state pool for both DL and UL should be supported as a baseline
· The following two candidate functionalities can be both considered in order to balance the signalling overhead and scheduling flexibility.
· There is a common TCI state pool for both DL and UL, but data and control transmission/reception for DL and UL can be separately indicated with an independent TCI state from the pool by separate command(s).
· There is a common TCI state pool for both DL and UL, and both data and control transmission/reception for DL and UL can be indicated with one common TCI state from the pool by a single command. 
2.2.3 DCI based common beam indication for both DL and UL
From the perspective of transmission robustness, the retransmission mechanism for DCI based common beam indication should be supported, taking into account that the mis-detection of DCI may introduce radio link failure directly. PDSCH retransmission can improve successful probability of MAC-CE command, and, equivalently, the mechanism of PDCCH repetition or reusing HARQ/ACK procedure can be considered for improving the robustness of PDCCH/DCI based common beam indication. In general, HARQ-ACK procedure corresponding to SPS release can be considered as a baseline.
Subsequently, we have the following preliminary analysis on DCI based common beam indication
· Generally, DCI format should be studied firstly. The following DCI formats may be considered for carrying the common beam indication command:
· Joint beam indication for DL and UL, e.g. Mode-1 in section 2.1.3, to indicate a TCI from a common RRC + MAC-CE TCI pool 
· DCI format 1_1/1_2 including a TCI field, or
· a new DCI format, e.g. UE specific or group common
· Separate beam indication for DL and UL, e.g. Mode-2 in section 2.1.3, to indicate a TCI from a common RRC + MAC-CE TCI pool, or a common RRC TCI pool
· DCI format 1_1/1_2 or a new DCI format for DL, e.g. UE specific or group common, 
· DCI format 0_1/0_2 for UL, e.g., SRI field is replaced by TCI field, but motivation of introducing a new DCI format for UL should be further studied.
· Regarding applicable timing, the effective time point can be determined according to the feedback from UE to gNB, e.g., a given time after receiving the DCI.
Proposal 5: Support retransmission mechanism for DCI based TCI state indication for multiple channels in unified TCI framework.
· Further study details of the retransmission mechanism, e.g., analogous to HARQ-ACK procedure of SPS release.
· Further study DCI format (e.g., reusing DCI format 1_1/1_2 or introduce a new DCI format) and applicable timing.
2.2.4 PUSCH port determination
In RAN1#102-e, there is another issue for PUSCH port determination. In or views, PUSCH port(s) should be mapped with SRS port(s) (analogous to Rel.15/16), and the SRS is determined according to the indicated TCI state.
· One example for PUSCH port determination is shown in Figure 6. Two separate pools for TCI state and SRS resources can be configured by RRC, and in the MAC-CE level, a SRS resource (e.g., semi-persistent) can be activated based on the spatial relation of the associated TCI state. When the associated TCI state is indicated by a DCI command, the SRS is also determined and applied to the subsequent PUSCH transmission.
Proposal 6: PUSCH port(s) should be mapped with SRS port(s) in a SRS resource that is analogous to Rel.15/16
· The SRS resource is determined according to the indicated TCI state by DCI


Figure 6 SRS determination for PUSCH transmission in unified TCI framework
2.3 L1/L2-centric intra-cell and inter-cell mobility
In this subsection, we discuss L1/L2-centric intra-cell and inter-cell mobility, including enhancements on L1/L2-centric inter-cell mobility and SLS evaluation for L1/L2 inter-cell mobility.
2.3.1 Enhancements on L1/L2-centric inter-cell mobility
In Rel-15, there is an additional latency for known/unknown beam switching in RAN4 over RAN1 solution. 
· In NR the beam of PDSCH/PDCCH can be updated by a MAC-CE, the beam in the  MAC-CE can be applied for PDSCH/PDCCH starting from the first slot after slot according to TS 38.214, wherein the UE transmits HARQ-ACK for the PDSCH in slot n. 
· But the delay of applying the new TCI state in the MAC-CE is much longer in 38.133 than in 38.214 as shown in Figure 7. 
· The known TCI state switch (i.e., TCI state switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement) occurs no later than in slot n+ THARQ +(3 ms +TOk*(Tfirst-SSB + TSSB-proc)) / NR slot length, where Tfirst-SSB is time to first SSB transmission after MAC CE command is decoded by the UE, TSSB-proc = 2 ms and TOk = 1 if target TCI state is not in the active TCI state list for PDSCH. Technically, the UE needs to achieve time-frequency synchronization after beam switching.
· That means, in such case, it additionally includes a latency for waiting for the first transmission of the SSB which is the QCL-TypeA or QCL-TypeC to the TCI state. The additional latency is determined according to the periodicity of SSB which belongs to {5,10, 20,40,80,160}ms.
· The unknown TCI state switch occurs no later than in slot n+ THARQ + (3 ms + TL1-RSRP + TOk*(Tfirst-SSB + TSSB-proc)) / NR slot length, wherein TL1-RSRP depends on RS periodicity, DRX, SMTC, and UE Rx beam refinement, e.g., ~0.32s in non-DRX; ~7.68s in DRX 
· That means, in such case, the delay of applying an unknown TCI state will additionally include a very long duration for TL1-RSRP besides a duration of waiting for the first transmission of SSB.


Figure 7 Applicable timing for updating TCI state(s) in RAN1 and RAN4 
Observation 2: If additional timing for waiting for the first SSB transmission and TL1-RSRP can NOT be reduced significantly, latency reduction for intra-cell and inter-cell mobility through introducing dynamical/unified TCI approach becomes MEANINGLESS.
In general, the known TCI state switch is much relevant to intra-cell mobility, and the unknown TCI state switching corresponds to inter-cell mobility. Note that, for inter-cell mobility, the UE just reports an L3 reporting for neighbor cell, which means that the candidate beam for inter-cell mobility should be assumed as unknown TCI state.
For intra-cell beam switching (corresponding to the known TCI state switch), we need to further reduce the latency of waiting for the first SSB after beam switching command, e.g., MAC-CE. Some mechanisms of pre-frequency/time synchronization should be further studied. For example, the UE may be configured/activated with one or more SSB(s) in a pool and perform frequency/time synchronization of SSB(s) in the SSB pool. If a SSB corresponding to a new activated TCI state is from the SSB pool, the UE can apply the new TCI state directly without waiting for the first transmission of the SSB.
Proposal 7: Further study the mechanism of saving latency about “first SSB transmission after MAC-CE command” for known TCI state switching.
· For instance, UE may track one or more SSB(s) from a SSB pool that is explicitly activated by MAC-CE
For inter-cell mobility (corresponding to the unknown TCI state switching), enhancements on L1-RSRP reporting and dynamic indication for DL/UL beam(s) in a neighboring cell can be considered. For instance, we can consider L1-RSRP reporting based on SSB/CSI-RS for mobility. Further, there are following candidate methods. 
· Method-1: The gNB configures each neighboring cell of the UE with an L1 reporting by RRC. 
· Method-2: The gNB can trigger a L1 reporting by PUSCH or MAC-CE after the gNB receives an L3 mobility reporting which includes a few of selected neighboring cells. 
· Method-3: The UE initiates a beam reporting for a neighboring cell by MAC-CE according to a triggering event from an L3 mobility measurement. 
We prefer 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 by trigger event without waiting for the signaling from gNB. More details can be found in our companion contribution [2].
Proposal 8: Regarding L1/L2-centric inter-cell mobility, support L1-RSRP reporting and dynamic indication for DL/UL beam(s) in a neighboring cell, in order to reduce the delay of applying the new TCI state including RS resource of neighbor cell, i.e., corresponding to unknown TCI state switching.
· Further study how to initiate an L1 reporting of neighboring cell and how to know which neighboring cell should be initialized for L1 reporting. 
2.3.2 SLS evaluation for L1/L2 inter-cell mobility
In high-speed train (HST) scenario as shown in Figure 2, we evaluate SLS performance for L1/L2 mobility and L3 mobility according to the agreed EVM assumption. Notice that speed of UE is 256 km/h. There are two neighbouring cells, each of which includes three RRHs. For sake of presentation, we provide the simulation results from N point to Q point where the UE accesses the neighboring Cell #2 from the serving Cell #1. The scenario is shown in Figure 8. 
· Regarding L3 based approach, the handover (HO) timeline can be summarized as follows:
· The UE detects that a target cell becomes better than serving cell, with an additional offset from the HO margin (e.g. 3dB)
· After U[1.0s, 1.5s], the UE stops communicating with serving cell
· After another 80ms interruption, the UE starts communicating with target cell. It is assumed that the best TX/RX beam is used at this point.
· Regarding L1/L2-based approach, inter-cell handover is assumed the same as beam switching due to RRH/TRP switching, e.g., the latency of inter-cell handover is 0ms.


Figure 8 Intra-cell mobility in high-speed train (HST) scenario
The real-time SLS simulation results for L1/L2 and L3 mobility in the HST scenario are provided in Figure 9. It can be observed that, for L3 mobility, there is around 1s latency compared with L1/L2 handover procedure. As a result, it can be observed that from 0.6s to 2.2s, there is severe degradation of RSRP and corresponding throughput for L3 mobility. Meanwhile there is an outage of 80 ms at 2.2s. In contrast, for L1/L2 mobility, there is a seamless HO between two neighbouring cell and the UE can experience the significant throughput increase when it is close to RRH4, e.g., from 0.6s to 1.1s. 
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Figure 9 SLS results for high-speed train (HST) scenario as a function of time: (a) RSRP, (b) UPT from N to Q 
Besides, SLS results for UPT and outage from N to Q in the high-speed train (HST) scenario. It can be observed that compared with L3 mobility, the outage of HO can be reduced by L1/L2 mobility, and meanwhile there is significant throughput gain, especially for 95%-tile UE (+66.1%).
Table 2	SLS results for L1/L2 and L3 mobility from N to Q in high-speed train (HST) scenario
	UPT (Mbps)
	 Mean
	Outage
	95%-tile

	L3 mobility
	521.0 
(100%)
	80 ms
	561.9
(100%)

	L1/L2 mobility
	568.5
(+9.12%↑)
	0 ms
	933.2
(+66.1%↑)


Observation 3: From SLS evaluation results for inter-cell high mobility in HST scenario, it can be observed that 
· Severe outage, RSRP and throughput degradation for L3 mobility occurs due to a long latency of L3 handover.
· Introducing L1/L2-centric mobility to achieve DCI based beam switching between neighboring cell(s) can bring significant performance gain over L3 mobility.
2.4 [bookmark: _GoBack]Beam indication/update cross carriers
In order to reduce signaling overhead, in Rel-16, the concept of CC group is introduced and one MAC-CE command is supported to update the TCI states of a CC group. However, the huge overhead of RRC configuration can still be observed. For multiple CCs and multiple BWPs, the signaling overhead of RRC configuration is summarized in Figure 10. It can be observed that increase of number of CCs brings significant RRC signaling overhead due to RRC configuration of up to 128 TCI states per BWP per CC. Especially, for the case of 32 CCs with independent pools for each BWP of each CC, RRC overhead is up to 78.02 kB. Some details about overhead of RRC configuration of TCI states can be found in our companion contribution [2].
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Figure 10 Overhead of RRC configuration required for different numbers of CCs
In order to save the overhead of RRC configuration, one RRC configured TCI state pool can be considered to be shared among multiple CCs/BWPs, e.g., a set of CCs/BWPs only need to be associated with a single RRC configured TCI state pool of a reference CC/BWP (e.g., a single pool for all BWPs of all CCs in Figure 10). 
· Spatial Rx parameter can be applied across different CC/BWP, and so the QCL Type-D assumption in a CC/BWP can be directly determined according to the DL RS in the TCI state configured in the reference CC/BWP.
· But, considering that QCL Type-A parameter can NOT be applied for cross-CC indication due to demodulation requirement for accurate time/frequency tracking, we need to further study the mechanism of determining QCL Type-A RS in a local (or target) CC/BWP according to the QCL-TypeA RS of TCI state in the reference CC/BWP. Alternatively, the QCL Type-A RS in a target CC/BWP can be obtained or according to the QCL Type-A RS (or QCL Type-D RS) indicated in the (shared) TCI states of reference CC/BWP and some predefined rules on the relation between these RS, e.g. the RS with the same resource ID (or plus an configurable offset) in own CC/BWP, or the configurable mapping between QCL Type-A RS(s) from different CC/BWPs, or the QCL Type-A RS of target CC/BWP has to share the same QCL-Type D source as the QCL Type-A RS in the reference CC/BWP.
Additionally, for beam indication of UL channel and RS in multiple CCs/BWPs, the huge overhead of RRC configuration can also be observed. For example, the signaling overhead of RRC configuration for PUCCH is summarized in Figure 11. It can be observed that increase of number of CCs brings significant RRC signaling overhead due to RRC configuration of up to 64 SpatialRelationInfos per BWP per CC. For example, explicit signaling for 2 CCs brings significant RRC signaling overhead (1.92 kB) compared to 1 BWP of 1 CC (0.24 kB). Some details about overhead of RRC configuration of SpatialRelationInfos can be found in our companion contribution [2]. In order to save the overhead of RRC configuration, similar to be aforementioned “one RRC configured TCI state pool”, one RRC configured SpatialRelationInfo pool can be considered to be shared among multiple CCs/BWPs, e.g., a single pool for all BWPs of all CCs in Figure 11.
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Figure 11 Overhead of RRC configuration required for different numbers of CCs
Furthermore, in RAN1 #102e meeting, it has been agreed the unified TCI framework for both DL and UL is supported in R17, which probably means that both DL and UL channel(s) and RS(s) of a CC/BWP can share the same unified TCI pool. Therefore, for multiple CCs/BWPs, in order to save both the overhead of RRC configuration of TCI state and SpatialRelationInfo, one RRC configured unified TCI state pool can be considered to be shared among multiple CCs/BWPs, e.g., a set of CCs/BWPs only need to be associated with a single RRC configured unified TCI state pool of a reference CC/BWP.
· The source RS of spatial relation can be applied across different CC/BWP. E.g., the source RS of spatial relation in a local CC/BWP can be determined according to the DL RS (or UL RS, if it can be agreed in this e-meeting) in the unified TCI state configured in the reference CC/BWP.
· But, for power control (PC) parameters and port information (of PUSCH), we need to further study the mechanism of determining PC parameters and port information in a local CC/BWP according to the unified TCI state configured in the reference CC/BWP.
Proposal 9: Support mechanism of sharing a RRC TCI state pool for a set of CCs.
· FFS: the determine of QCL Type-A RS in the target CC/BWP according to the QCL Type-A or QCL Type-D RS indicated in the TCI states of reference CC/BWP.
· Option 1: The relation between the QCL Type-A RSs in the target CC/BWP and reference CC/BWP according to the same resource ID (or plus a configurable offset).
· Option 2: The relation between the QCL Type-A RSs in the target CC/BWP and reference CC/BWP according to the same QCL-Type D assumption.
· Note that the QCL Type-A RS of target CC/BWP shall share the same QCL Type-D RS as the QCL Type-A RS in the reference CC/BWP.
· Option 3: Configurable one-to-one mapping between QCL Type-A RSs of reference CC/BWPs and those of the target CC/BWP.
· FFS: how to determine PC parameters and port information across CC for UL transmission, e.g., for PUSCH.
· Note that QCL Type-D RS in a TCI state can be applied to all CCs in the set of CCs for DL/UL spatial domain filter determination.
3 UL beam selection for UE with multiple panels (1b)
In Rel-17, it should be enhanced 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.
3.1 Fast panel selection and antenna switching for UL transmission 
In RAN1#102-e meeting, the following agreement was reached for FR2 MPE mitigation. In this subsection, we discuss the potential enhancement on UE fast panel switching.
	Agreement
1. [Issue 4] For Rel.17 NR FeMIMO, on MP-UE assumption to facilitate fast UL panel selection:
1. The following assumptions are used: 
1. 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)
1. UE panels can constitute the same as well as different number of antenna ports, number of beams, and EIRP 
1. No beam correspondence across different UE panels
1. FFS: For each UE panel, it can comprise an independent unit of PC, FFT timing window, and/or TA.
1. FFS: Same or different sets of UE panels can be used for DL reception and UL transmission, respectively
1. In RAN1#103-e, identify candidate use cases including MPE, and consider remaining aspects if use cases are identified
1. In RAN1#103-e, identify candidate signaling schemes for the following:
3. NW to MP-UE (taking into account potential extension of the unified TCI framework in issue 1)
3. MP-UE to NW


Beam correspondence by downlink-uplink association is useful to reduce the effort on UL beam management. In our view, beam correspondence is also the major motivation of introducing a new ID representing a panel for supporting fast panel selection for UL transmission. Consequently this “UE antenna group ID” should have association with DL RS to support beam correspondence. The “UE antenna group ID” can be selected and configured by gNB, according to UE capability signaling together with panel-specific beam reporting. Note that the maximum number of antenna groups and activated antenna groups are based on UE capability signaling, and the global ID is used for reporting and indication.
· Besides, UE can also control the panel activation and deactivation as a UE driven event, and, in order to guarantee panel indication for UL transmission, the state of panel, e.g., active or inactive, to be used for DL/UL transmission should be reported through panel-specific reporting to gNB side.
Also, we need to consider the AP-SRS triggering with a large triggering offset for panel activation, which is similar to AP-CSI-RS beam switching in Rel-15, e.g., 224 or 336 OFDM symbols. In such case, the sounding procedure of antenna switching may be equivalent to that of fast panel switching. For instance, one example for inter-panel antenna switching is described in Figure 12. In such case, there may be different spatial relations applied to the respective UE panels, and the restriction about “same spatial relation for AP-SRS resources in a set for antenna switching” in the current spec may become invalid herein. It can be observed that the working assumption on the architecture of UE panels is very essential for the subsequent enhancement for fast UE panel switching.


Figure 12 Diagram for inter-panel antenna switching
Proposal 10: For fast panel selection, spatial relation/TCI state including DL RS can be associated with activated panel IDs in the case of beam correspondence, with the assistance of UE panel-specific reporting, e.g., group based reporting.
· Sounding procedure for antenna switching can be further studied for supporting UE fast panel switching.
3.2 FR2 MPE mitigation
In RAN1#102-e meeting, the following agreement was reached for FR2 MPE mitigation.  In this subsection, we discuss the potential enhancement on FR2 MPE mitigation.
	Agreement
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: 
2. If needed, identify candidate solutions to be down-selected in future meeting(s). The following sub-categories can be used:
1. CAT0. The need for specification support for MPE event detection and, if needed, candidate solutions
1. 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
1. 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
1. 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
1. Note: This may be related to outcome of issue 4b)
2. Companies are encouraged to submit evaluation results based on the agreed EVM to justify the benefits of the candidate solutions


In NR Rel-15, RAN4 introduced P-MPRf,c for reducing the maximum transmission power, i.e., Pcmax, with MPE impacts. In Rel-16, an event-driven P-MPR reporting through MAC-CE was introduced for informing the real-time MPE impact, and the detailed MAC-CE design, e.g., reusing PHR related MAC-CE format for carrying the P-MPR value, is still on-going discussed in RAN2 and RAN4. 
· There is no doubt that the MPE impact for respective UL beams may be different, but, unfortunately, there is no beam/panel-specific P-MPR definition in either Rel-15 or Rel-16. Consequently, beam-specific P-MPR should be introduced firstly in this WID item. 
· For instance, “P-MPRf,c” is replaced by “P-MPRs,f,c” where s denotes the UL beam index, e.g., RS resource/spatial relation/panel index.
Once the beam/panel-specific P-MPR is beyond the threshold, the UE shall report the PHR with the objective of maximizing PHR value, i.e., minimizing the value of P-MPRs,f,c and PL, and also report its associated UL spatial resource, i.e., CRI or SSBRI, which is beneficial for identifying an appropriate UL beam(s) for subsequent UL transmission.
· Meanwhile, R16 PHR/P-MPR MAC-CE can be reused as a baseline (including a triggering event as mentioned in CAT0). But, the motivation or benefits of gNB response and UE behavior (as in CAT2) should be further studied.
Proposal 11: Beam/panel-specific P-MPR is introduced in UL power control framework
· The UL spatial resource, i.e., CRI/SSBRI, can be reported along with PHR/P-MPR MAC-CE reporting.
· MPE event detection as for R16 PHR/P-MPR MAC-CE can be reused as a baseline.
3.3 Simulation results for fast panel selection due to MPE impacts
In this subsection, we conduct  performance evaluation in terms of RSRP distribution, according to Rel-17 EVM for dense urban in MPE/Multi-panel UE as agreed during email discussion. Note that, in this simulation, we consider a UE with two back-by-back panels and antenna configuration of (2, 4, 2, 2, 1). Only one out of two panel is blocked, and the blocked panel is randomly selected at each drop. When MPE occurs, the maximum TX power for the covered panel is reduced by 10dB P-MPR.  
[image: C:\Users\10190306\Desktop\MPE.png]
Figure 13 CDF of UL RSRP distribution in dense urban
The CDF of RSRP distribution can be found in Figure 13, where the following three cases are considered: no MPE impact, no panel-switching with MPE impacts and fast panel switching with MPE. We have the following observations
· There is severe RSRP degradation for UL transmission, especially for 5% cell-edge UE (about 8.5 dB RSRP loss over the case of no MPE impact), due to the panel-specific MPE impacts.
· Through introducing fast UE panel switching, there are nearly 5 dB RSRP gain for 5% cell edge UE and 2.5 dB gain for 50%-ile UE. This means that the fast UE panel can be very beneficial for UL coverage enhancement under MPE impacts.
Observation 4: From the evaluation results for MPE impacts, it can be observed that 
· Severely degradation for UL coverage occurs due to the panel-specific MPE impact
· Introducing fast UE panel switching can bring significant performance gain, especially for cell-edge UE.
4 Conclusion
In this contribution, we discuss the enhancements on multi-beam operation in Rel-17. We have the following observations and proposals.
Observation 1: From SLS evaluation results for intra-cell high mobility in HST scenario, it can be observed that 
· Severe RSRP and throughput degradation for MAC-CE based TCI indication occurs due to a long latency of TCI state indication (e.g., 25 ms mainly occurred by waiting for the first SSB after TCI state activation).
· Introducing DCI based TCI state indication with multiple activated TCI states (e.g., with a small latency of 1 ms) can bring significant performance gain over MAC-CE in terms of both cell-edge UE UPT and mean UPT.
Observation 2: If additional timing for waiting for the first SSB transmission and TL1-RSRP can NOT be reduced significantly, latency reduction for intra-cell and inter-cell mobility through introducing dynamical/unified TCI approach becomes MEANINGLESS.
Observation 3: From SLS evaluation results for inter-cell high mobility in HST scenario, it can be observed that 
· Severe outage, RSRP and throughput degradation for L3 mobility occurs due to a long latency of L3 handover.
· Introducing L1/L2-centric mobility to achieve DCI based beam switching between neighboring cell(s) can bring significant performance gain over L3 mobility.
Observation 4: From the evaluation results for MPE impacts, it can be observed that 
· Severely degradation for UL coverage occurs due to the panel-specific MPE impact
· Introducing fast UE panel switching can bring significant performance gain, especially for cell-edge UE.
Proposal 1: For unified TCI framework to achieve common beam indication for both DL and UL transmission, the following aspects can be determined according to the indicated TCI state and its association information.
· QCL assumption for DL channel(s) or RS resource(s), e.g., PDCCH/PDSCH/CSI-RS.
· Spatial relation and power control parameters for UL channel or signal, e.g., PUCCH/PUSCH/SRS.
· SRS resource or port parameter for PUSCH transmission.
Proposal 2: Regarding the number of TCI states to be indicated by a single command for DL and/or UL transmission,
· M=N=1 for sTRP should be discussed with high priority
· M>1, N>1 for mTRP should be postponed after sTRP framework is stable.
Proposal 3: Support DCI based common beam indication for multiple channels in unified TCI framework.
Proposal 4: Regarding signalling structure for achieving unified TCI framework,
· The common TCI state pool for both DL and UL should be supported as a baseline
· The following two candidate functionalities can be both considered in order to balance the signalling overhead and scheduling flexibility.
· There is a common TCI state pool for both DL and UL, but data and control transmission/reception for DL and UL can be separately indicated with an independent TCI state from the pool by separate command(s).
· There is a common TCI state pool for both DL and UL, and both data and control transmission/reception for DL and UL can be indicated with one common TCI state from the pool by a single command. 
Proposal 5: Support retransmission mechanism for DCI based TCI state indication for multiple channels in unified TCI framework.
· Further study details of the retransmission mechanism, e.g., analogous to HARQ-ACK procedure of SPS release.
· Further study DCI format (e.g., reusing DCI format 1_1/1_2 or introduce a new DCI format) and applicable timing.
Proposal 6: PUSCH port(s) should be mapped with SRS port(s) in a SRS resource that is analogous to Rel.15/16
· The SRS resource is determined according to the indicated TCI state by DCI
Proposal 7: Further study the mechanism of saving latency about “first SSB transmission after MAC-CE command” for known TCI state switching.
· For instance, UE may track one or more SSB(s) from a SSB pool that is explicitly activated by MAC-CE
Proposal 8: Regarding L1/L2-centric inter-cell mobility, support L1-RSRP reporting and dynamic indication for DL/UL beam(s) in a neighboring cell, in order to reduce the delay of applying the new TCI state including RS resource of neighbor cell, i.e., corresponding to unknown TCI state switching.
· Further study how to initiate an L1 reporting of neighboring cell and how to know which neighboring cell should be initialized for L1 reporting. 
Proposal 9: Support mechanism of sharing a RRC TCI state pool for a set of CCs.
· FFS: the determine of QCL Type-A RS in the target CC/BWP according to the QCL Type-A or QCL Type-D RS indicated in the TCI states of reference CC/BWP.
· Option 1: The relation between the QCL Type-A RSs in the target CC/BWP and reference CC/BWP according to the same resource ID (or plus a configurable offset).
· Option 2: The relation between the QCL Type-A RSs in the target CC/BWP and reference CC/BWP according to the same QCL-Type D assumption.
· Note that the QCL Type-A RS of target CC/BWP shall share the same QCL Type-D RS as the QCL Type-A RS in the reference CC/BWP.
· Option 3: Configurable one-to-one mapping between QCL Type-A RSs of reference CC/BWPs and those of the target CC/BWP.
· FFS: how to determine PC parameters and port information across CC for UL transmission, e.g., for PUSCH.
· Note that QCL Type-D RS in a TCI state can be applied to all CCs in the set of CCs for DL/UL spatial domain filter determination.
Proposal 10: For fast panel selection, spatial relation/TCI state including DL RS can be associated with activated panel IDs in the case of beam correspondence, with the assistance of UE panel-specific reporting, e.g., group based reporting.
· Sounding procedure for antenna switching can be further studied for supporting UE fast panel switching.
Proposal 11: Beam/panel-specific P-MPR is introduced in UL power control framework
· The UL spatial resource, i.e., CRI/SSBRI, can be reported along with PHR/P-MPR MAC-CE reporting.
· MPE event detection as for R16 PHR/P-MPR MAC-CE can be reused as a baseline.
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