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Introduction
In RAN1#102e meeting, the following agreement was made. In this contribution, we discuss the beam-management-related enhancements.
	Agreement
Note: the enumeration for issues (such as “issue 1a), 1b), 6) in the proposal below refers to the enumeration within the proposals, not Table 1 in the FL summary.
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
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. Beam-level event-driven mechanism for L1/L2-centric inter-cell mobility
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
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
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
1. [Issue 6] For Rel.17 NR FeMIMO, 
5. add another category on performing study and, if needed, specifying feature(s) for beam acquisition (including beam tracking and refinement) latency reduction, especially for scenarios with high-speed UEs and large number of configured TCI states 
5. Partial BFR will be handled in ITEM 2c (BM enhancement for mTRP) 



[Issue1] Common TCI framework 
2.1 Selection between M=1 and M>=1 (between N=1 and N>=1)
	Agreement
1. [Issue 1] For Rel.17 NR FeMIMO, on the unified TCI framework
6. 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 


In the Working Assumption of the above agreement, we need to discuss the selection between M=1 and M>=1 (between N=1 and N>=1). M=1 (N=1) means only one common TCI is activated, and the one activated TCI is applied to multiple UL/DL channels, and DCI is not used to select the common TCI. If we look at Rel.15/16, following features already enable one MAC CE (i.e. TCI state of PDCCH) to control all UL/DL channels across CCs per a UE. 
0. Default TCI-state of PDSCH in Rel.15
0. Simultaneous update of TCI-state of PDCCH across CCs in Rel.16
0. Default spatial relation for PUCCH/SRS/PUSCH in Rel.16
Hence, if M=1 (N=1) is selected, there is no additional benefit from the existing Rel.15/16 features, because Rel.15/16 already enables the similar operation. On the other hand, supporting M>1 and N>1 is new enhancement from Rel.16, and it enables DCI switch the common TCI. Hence, we propose to support M>1 and N>1.

Proposal 2-1:
· For Issue 1a in RAN1#102e agreement, support “M>1” and “N>1”
· Note: selecting “M=1” or “N=1” has no clear gain from Rel.15/16

2.2 "Joint common TCI indication of UL/DL” vs. “Separate common TCI indication of UL and DL”
	6. 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 


To make the common TCI framework more useful, it is important to consider the most typical/basic operation. The beam correspondence is mandatory feature from Rel.15, for most cases, gNB would configure the same RS for both UL TCI and DL TCI based on the DL beam measurement. In such scenario, Alt.1 of the joint TCI indication for UL/DL is useful, and we support Alt. 1 as the first priority. For Alt. 1, the joint common TCI indication of UL/DL is straightforward.
On the other hand, separate TCI indication of UL and DL can be also considered for some scenarios. Figure 2-1 illustrates some potential use cases of the separate common TCI indication. For example, in case of MPE, the best UL TCI and the best DL TCI would be different, and separate TCI indication would be useful in such a case. Also, if we consider M-TRP, DL TCI and UL TCI should be different due to the different signal strength of UL/DL or UL load balance. In such scenarios, Alt. 2 of the separate TCI indication for UL/DL would be useful. Hence, we support Alt. 2 as the second priority. Between the Alt. 2-1 and Alt. 2-2, as long as the beam correspondence is assumed, we believe Alt. 2-1 is sufficient for such use cases.

Proposal 2-2:
· For Issue 1b in RAN1#102e agreement, support at least Alt.1 (Utilize the joint TCI to include references for both DL and UL beams).
· Additionally, Alt. 2 (Utilize two separate TCI states, one for DL and one for UL) can be considered for MPE and/or M-TRP scenario
· In Alt. 2, Alt.2-1 (The UL TCI state is taken from the same pool of TCI states as the DL TCI state) can be considered.
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Figure 2-1 Use cases of the separate common TCI indication (2nd priority).

2.3  Update default TCI-state to align with default spatial relation
In Rel.15/16, default UL/DL beam was supported, and it is useful for simple beam operation. Table 2-1 summarizes default beam and its applicable condition in Rel.15/16. As shown in the table, the default beam for UL and DL is very similar, but there is difference (i.e. in the latest slot). 

Table 2-1 Default beam and its applicable condition in Rel.15/16.
	Channel
	Default beam 
	Condition

	PDSCH
	If non cross-carrier scheduling, TCI-state/QCL of the lowest CORESET ID in the latest slot in the active DL BWP of the CC;
else, the lowest TCI-state ID of PDSCH in the active DL BWP of the scheduled CC
	If tci-PresentInDCI is not configured

	PUSCH (by DCI format 0_1)
	If CORESET is configured in the active DL BWP on the CC, TCI-state/QCL of the lowest CORESET ID;
else, lowest TCI-state ID of PDSCH in the active DL BWP on the CC
	If the SRS resource corresponding to SRI has no PL-RS/spatial-relation

	PUSCH (by DCI format 0_0)
	
	If no active PUCCH spatial-relation or no PUCCH resource on active 

	PUCCH
	
	If PUCCH resource has no PL-RS/spatial-relation

	SRS
	
	If SRS resource has no PL-RS/spatial-relation



For easily beam operation, it is beneficial to align the default UL/DL beam. In Rel.16, it was agreed not to assume “in the latest slot” for the default UL beam, due to the fact that the default beam should not be changed slot by slot. Hence, we propose to update the default TCI-state to remove “in the latest slot”).

Proposal 2-3:
· Update default TCI-state/QCL of PDSCH, to align with default spatial relation rule
· If CORESET is configured in the active DL BWP on the scheduled CC, TCI-state/QCL of the lowest CORESET ID; else, lowest TCI-state ID of PDSCH in the active DL BWP on the scheduled CC

[Issue3] Signaling mechanism of common TCI framework 
	1. [Issue 3] For Rel.17 NR FeMIMO, on dynamic TCI state update signaling medium: 
7. 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)
7. 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 



Figure 3-1 and 3-2 illustrate our view of signaling mechanism the common TCI framework of joint common TCI indication for UL/DL and separate common TCI indication for UL/DL. As discussed in section 2, we support multiple active common TCIs, and hence, we support to use both DCI and MAC CE to select a common TCI.
Proposal 3-1:
· For Issue 3a in RAN1#102e agreement, support both DCI and MAC CE
· For joint common TCI indication, MAC CE activates multiple common TCIs, and DCI selects one common TCI, which is applied to multiple UL/DL channels
· For separate common TCI indication, MAC CE activates multiple common TCIs
· UL DCI selects one common TCI for UL, which is applied to multiple UL channels, e.g. PUSCH/PUCCH/SRS
· DL DCI selects one common TCI for DL, which is applied to multiple DL channels, e.g. PDCCH/PDSCH/CSI-RS
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Figure 3-1 Joint common TCI indication for UL/DL
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Figure 3-2 Separate common TCI indication for UL/DL
3.1 DCI field to indicate the common TCI
For DCI field to indicate the common TCI, following options can be considered. 
· Opt.1: DL DCI (e.g. DCI format 1_1, 1_2)
· Opt.1-1: existing DCI field of “TCI state” 
· Opt. 1-2: new DCI field of “unified TCI state”
· Opt.2: UL DCI (e.g. DCI format 0_1, 0_2)
· new “unified TCI state” field
For the joint TCI indication, existing DCI field of “TCI state” in the DL DCI can be used for the indication of the common TCI for both DL and UL. There is not necessity to additionally introduce new “unified TCI state” field in DL/UL DCI to indicate the common TCI.
For the separate TCI indication of UL and DL, DL DCI can indicate the common TCI for DL, and UL DCI can indicate the common TCI for UL. For DL DCI, the existing DCI field of “TCI state” can be used to indicate the common TCI for DL. For UL DCI, the new DCI field of “unified TCI state” should be introduced to indicate the common TCI for UL.
Proposal 3-2:
· The DCI field to indicate the common TCI is following.
· Joint TCI indication for UL and DL: 
· Existing DCI field of “TCI state” in the DL DCI for the indication of the common TCI for both DL and UL
· Separate TCI indication for UL and DL: 
· For the indication of DL TCI, existing DCI field of “TCI state” in the DL DCI
· For the indication of UL TCI, new DCI field of “unified TCI state” in UL DCI 

3.2 Applicable timing of the DCI indication of the common TCI 
If the DCI indication of the common TCI is missed, UE and gNB would have misunderstanding of the common TCI. Once the misunderstanding of the common TCI happens, subsequent communication would be most probably failed. To avoid the misunderstanding, the common TCI should be updated after “the confirmation” of the DCI indication. 
In case DL DCI indicates the common TCI, if PDSCH is correctly decoded, HARQ-ACK is transmitted. Since the requirement of ACK to NACK error rate is less than 0.1%, we propose to update the common TCI after UE sends HARQ-ACK (illustrated in figure 3-3). In this case, the probability of the misunderstanding of the common TCI is less than 0.1%.
In case UL DCI indicates the common TCI, if UL DCI is correctly decoded, PUSCH is transmitted. One possible way is to update the common TCI after UE transmits PUSCH. However, PUSCH transmission may be missed at gNB with higher probability than that of miss detection of PDCCH or PUCCH, and in that case, the misunderstanding of the common TCI happens. Hence, it is not a good approach to update the common TCI after UE sends PUSCH. One possible solution is to update the common TCI after UE receives “ACK of PUSCH”. Here, “ACK of PUSCH” is not explicitly received, but “a PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH and having a toggled NDI field value” can be regarded as “ACK of PUSCH”. However, this approach has also the issue that the second DCI (i.e. “ACK of PUSCH”) is missed with less than 1% probability. Another solution is to introduce HARQ-ACK transmission to the reception of UL DCI if UL DCI indicates the common TCI. This solution can ensure the probability of misunderstanding of the common TCI as less than 0.1%. On the other hand, this has additional spec. impact to introduce DCI field of PRI, HARQ timing indicator, and TPC command, in UL DCI. Considering the drawbacks of the UL DCI indication of the common TCI, UL DCI should be used only if needed (e.g. only applicable for UL TCI indication of the separate TCI indication).
Proposal 3-3:
· To avoid misunderstanding of the common TCI b/w UE and gNB, the common TCI should be updated after the “confirmation” of the DCI indicating the common TCI.
· If DL DCI indicates the common TCI, the common TCI should be updated after HARQ-ACK transmission to the scheduled PDSCH, whose scheduling DCI indicates the common TCI.
· If UL DCI indicates the common TCI, the common TCI should be updated, 
· Alt.1 after a PDCCH reception with a DCI scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH and having a toggled NDI field value, where the first DCI scheduling the first PUSCH indicates the common TCI.
· Alt.2 after a HARQ-ACK transmission to the UL DCI reception which indicates the common TCI.
· Note: Considering the drawbacks of the UL DCI indication of the common TCI, UL DCI should be used only if needed (e.g. only applicable for UL TCI indication of the separate TCI indication)

Based on the proposal 3-3, the common TCI is updated after the “confirmation” of the DCI indicating the common TCI. From low latency beam indication perspective, it is preferable that the scheduling DCI can control TCI of the scheduled PDSCH/PUSCH and associated HARQ transmission, before updating the common TCI.
Proposal 3-4:
· If the scheduling DCI of PDSCH/PUSCH indicates a common TCI, the TCI indicated by the scheduling DCI is applied to the scheduled PDSCH/PUSCH and associated HARQ transmission, even if it is before the updated timing of the common TCI.
· Note: previous common TCI is not applied for the scheduled PDSCH/PUSCH and associated HARQ transmission

Figure 3-3 illustrates the proposal 3-3 and proposal 3-4.
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Figure 3-3 Applicable timing of the DCI indication of the common TCI (Proposal 3-3 and 3-4)
3.3 TRS/CSI-RS monitoring associated to the de-active common TCI
In TS38.133, scheduling restriction/availability is specified, and UE cannot receive PDSCH whose QCL type-D is different from CSI-RS on the same symbol. Rel.15/16 gNB is mandatory required to transmit periodic CSI-RS/TRS as QCL source of TCI state. However, the resources and TCI states for periodic CSI-RS (P-CSI-RS) is configured by RRC only, and MAC CE/DCI cannot update it. Consequently, once P-CSI-RS and TCI-state are configured by RRC, many symbols are not available for PDSCH scheduling with a different TCI state, even if the DL resource is completely vacant (illustrated in Figure 3-4). This means peak UE throughput is reduced once P-CSI-RS resources and TCI state are configured by RRC.
Observation 3-1:
· Once P-CSI-RS resources and TCI-states are RRC configured in FR2, peak UE throughput is reduced due to the scheduling restriction/availability of PDSCH on the same symbol of P-CSI-RS with different QCL assumption.
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Figure 3-4. Issue of P-CSI-RS

Discussion point: 
Should we keep UE to monitor P-TRS/P-CSI-RS associated with the de-active common TCIs?
In common TCI framework, P-TRS/P-CSI-RS associated with the de-active common TCIs are not used, and the UE should not be required to monitor the P-TRS/P-CSI-RS associated with the de-active common TCIs. This means no scheduling restriction is required on the same symbol of P-CSI-RS/TRS associated with the de-active common TCIs. This enables to schedule PDSCH on many symbols associated to the de-active common TCIs, and increase the peak UE throughput, which is an important indicator from operator perspective. Figure 3-5 illustrated an example of the benefit of Proposal 3-5: if active common TCIs are TCI#3 and TCI#4, many symbols becomes available for PDSCH scheduling with TCI#3. The advantage of this proposal compared to the existing SP-CSI-RS framework is that no explicit MAC CE indication is required to activate/deactivate the CSI-RS resources. Once the common TCIs are deactivated by MAC CE, the CSI-RS/TRS resources associated with the de-active CSI-RS/TRS resources are not monitored by the UE.
Proposal 3-5:
· UE is only required to monitor P-CSI-RS/TRS associated with the active TCIs in common TCI pool
· No scheduling restriction of PDSCH on the same symbol of P-CSI-RS/TRS associated with the de-active TCIs in common TCI pool
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Figure 3-5 Benefit of Proposal 2-7

3.4 UE group common indication of the common TCI
In Rel.15/16, UE-dedicated DCI can indicate the TCI state, and gNB is required to send UE-dedicated DCI to update TCI state for each UE. Especially when gNB updates the TCI state of the large number of UEs, PDCCH overhead becomes large. If we introduce group common PDCCH to inform the common TCI to multiple UEs, it can reduce the PDCCH overhead for the indication of the common TCI. 
Proposal 3-6:
· In addition to UE dedicated DCI, consider group common DCI for the indication of the common TCI for multiple UEs

[Issue 4] Fast UL panel selection
	1. [Issue 4] For Rel.17 NR FeMIMO, on MP-UE assumption to facilitate fast UL panel selection:
8. 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
8. In RAN1#103-e, identify candidate use cases including MPE, and consider remaining aspects if use cases are identified
8. 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 


4.1 Use cases of fast UL panel selection
In Rel-15/16, panel selection is up to UE implementation and transparent to gNB. Based on DL measurement result, UE may select the panel with better DL RSRP and apply the panel for both DL Rx and UL Tx. However, with more information on UL condition, gNB can make better decision of UL panel selection. One use case is UL interference control. As shown in Figure 4-1, UE measures higher DL RSRP with panel#1, and may select panel#1 for both DL Rx and UL Tx, however, panel#1 may cause higher UL interference and reduce UL performance of the network. Therefore, in this case, with information of UL interference condition, gNB can indicate panel#2 for UL Tx. 
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Figure 4-1. Interference control with UL panel selection
Another use case is MPE issue mitigation. For example, with UE implementation, UE measures higher DL RSRP with panel#1 and may select panel#1 for both DL Rx and UL Tx. However, panel#1 may have MPE issue and result in lower UL performance. In this case, with information of MPE, gNB can indicate panel#2 for UL Tx.
To evaluate the performance of interference control with UL panel selection, system-level simulation is performed. The detailed simulation assumptions are shown in Table A-1. Two UE panels are assumed and UE blockage and MPE are not modeled in this simulation. In the simulation, we compared UL throughput of the following three cases:
· Case1: UL panel is selected by UE considering DL RSRP. The panel with better DL RSRP is selected.
· Case2: UL panel is selected by gNB considering UL signal strength. The panel with better UL signal strength is selected.
· Case3: UL panel is selected by gNB considering both UL signal strength and UL SINR. In this case, firstly, UL signal strength of the two panels are compared, if the gap of UL signal strength between two panels is larger than 1dB, the panel with better UL signal strength is selected; if the gap of UL signal strength between two panels is smaller than 1dB, UL SINR is further compared, and the panel with better UL SINR is selected. 
Simulation results are shown in Table 4-1. From the simulation results, it can be observed that UL panel selection controlled by gNB considering UL signal strength can increase UL throughput for edge UE by 11.7% while almost keep average UL throughput unchanged. UL panel selection controlled by gNB considering both UL signal strength and UL SINR can further increase UL throughput for edge UE with 18.1% gain compared to case1.
Table 4-1. UL Throughput without UE blockage and MPE
	
	Average Throughput (Mbps)
	Edge (5% UE) throughput (Mbps)

	Case1
	2.475
	0.409

	Case2
	2.468
(-0.28% gain)
	0.457
(11.74% gain)

	Case3
	2.449
(-1.05% gain)
	0.483
(18.09% gain)



Observation 4-1: 
· UL panel selection controlled by gNB based on UL signal strength/both UL signal strength and UL SINR can increase UL throughput for edge UE by 11.7%/18.1%, while almost keep average UL throughput.  
Proposal 4-1: 
· Support gNB controlled panel selection for UE UL transmission.
From the above analysis, UL panel selection based on more information of UL condition is beneficial for UL performance, and different panels can be selected for DL Rx and UL Tx based on DL condition and UL condition, respectively. And considering that all panels may be needed for DL measurement, all panels can be used for DL reception and a subset of panels can be selected for UL transmission.
Proposal 4-2: 
· Different sets of UE panels can be used for DL reception and UL transmission. UL panels can be a subset of DL panels.
4.2 Signaling for UL panel selection
In Rel-15/16, panel selection for DL measurement and report is up to UE implementation and transparent to gNB. As shown in Figure 4-2, with Rel-15/16 report, gNB can only be aware of DL L1-RSRP from the panel selected by UE implementation. However, from analysis in section 4.1, to facilitate best UL panel selection, it is better to let gNB be aware of more information. For example, panel-specific CSI report can be considered to facilitate gNB control and a new ID can be introduced to represent the UE panels.
[image: ]
Figure 4-2. Rel-15/16 CSI report and new CSI report
For panel specific report, following options can be considered.
· Option1: The new ID can be included in DL beam reporting.
· Option2: The new ID can be configured in CSI configuration so that gNB can request measurement report from specific panel(s).  
On the other hand, the new ID may be also needed for panel indication for UL Tx by gNB. And the new ID can be included in spatial relation configuration, or SRS/PUCCH resource configuration.
Proposal 4-3: 
· Support introducing a new ID representing the UE panel for panal-specific CSI report and panel indication for UL transmission. 
To optimize power consumption, UE panels may be activated/deactivated from time to time. In Rel.16, panel activation/deactivation is up to UE implementation and transparent to gNB. To support efficient dynamic panel switching controlled by gNB, it is beneficial to align information of activation/deactivation status of UE panels between UE and gNB. We assume if a panel is activated, the panel can be used for both DL Rx and UL Tx, on the other hand, if a panel is deactivated, the panel will not be used for neither DL Rx nor UL Tx. Without the information aligned, e.g. if a panel is activated/deactivated by UE but not known by gNB, beam training may need to be performed.
The new ID can be used to align the information of panel activation/deactivation between UE and NW, and following options can be considered.  
· Option1: UE controlled panel activation/deactivation and status of panel activation/deactivation is reported to gNB. 
· Option2: NW controlled activation/deactivation of a specific panel and indicated to UE. 
Considering beam correspondence, UE can decide panel activation/deactivation based on DL beam measurement result of each panel and its power consumption state, and UE can report the status of panel activation/deactivation to NW. On the other hand, it is also beneficial to support NW controlled panel activation/deactivation, so that NW can activate and request DL beam measurement result from a specific panel. Moreover, for SRS based UL beam management, since SRS measurement is performed by gNB, UE cannot estimate the gain difference between each panel, it is beneficial to support panel activation/deactivation controlled and indicated by gNB. Thus, both UE controlled and NW controlled panel activation/deactivation can be further studied.
Proposal 4-4:
· Both UE controlled panel activation/deactivation with informing to NW and NW controlled panel activation/deactivation with indication to UE can be considered.

[Issue 5] MPE mitigation
	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: 
9. 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)
9. Companies are encouraged to submit evaluation results based on the agreed EVM to justify the benefits of the candidate solutions 


In Rel.15, in order to meet regulation on maximum emission toward human body for health and safety, P-MPR and maxUplinkDutyCycle were introduced, which may lead to UL coverage loss. To alleviate MPE issue, in Rel.16, P-MPR report was introduced and PMPR value is included in PHR MAC CE. For further enhancement, MPE issue alleviation by appropriate and timely beam/panel selection can be considered. 
To evaluate the performance of MPE mitigation, system-level simulation is performed. The detailed simulation assumptions are shown in Table A-1. Two UE panels are assumed. In the simulation, we compared UL throughput of the following cases:
· Case1: UL panel is selected by UE considering DL RSRP. No panel switching when MPE happens.
· Case2: UL panel is selected by UE considering DL RSRP. When MPE happens, UE reselects UL panel.
· Case3: UL panel is selected by gNB considering both UL signal strength and UL SINR. In this case, firstly, UL signal strength of the two panels are compared, if the gap of UL signal strength between two panels is larger than 1dB, the panel with better UL signal strength is selected; if the gap of UL signal strength between two panels is smaller than 1dB, UL SINR is further compared, and the panel with better UL SINR is selected.

Simulation results are shown in Table 5-1 and Table 5-2 for MPE probability of 20% and 100%, respectively. From Table 5-1, it can be observed that in case of MPE, UL panel switching controlled by UE can increase UL throughput for edge UE by 50%. UL panel switching controlled by gNB considering UL signal strength and UL SINR increase UL throughput for edge UE by 58.04%.

Table 5-1. UL Throughput with UE blockage and MPE (probability of MPE: 20%)
	
	Average Throughput (Mbps)
	Edge (5% UE) throughput (Mbps)

	Case1
	2.311
	0.112

	Case2
	2.332
(0.91% gain)
	0.168
(50.00% gain)

	Case3
	2.299
(-0.52% gain)
	0.177
(58.04% gain)


In case of 100% MPE probability in Table 5-2, 5% UE UL throughput in all cases is 0 Mbps. Therefore, we provide 10% UE throughput instead. Both case2 and case3 can increase 10% UE UL throughput by 400%. In addition, we provide the simulation results of the ratio of UEs with 0Mbps UL throughput. In case of MPE, without panel switching, 8.38% of the UEs have the UL throughput of 0Mbps. With panel switching controlled by UE/gNB, the ratio of 0Mbps UEs is reduced to 6.60%/6.32%. 
Table 5-2. UL Throughput with UE blockage and MPE (probability of MPE: 100%)
	
	Average Throughput (Mbps)
	10% UE throughput (Mbps)
	Ratio of UEs with throughput=0

	Case1
	1.701
	0.001
	8.38%

	Case2
	1.732
(1.82% gain)
	0.005
(400% gain)
	6.60%

	Case3
	1.723
(1.29% gain)
	0.005
(400% gain)
	6.32%


From the simulation results, it can be observed that in case of MPE, both UE controlled and gNB controlled panel switching can provide significant performance gain. 
Observation 5-1: 
· In case of MPE, both UL panel switching controlled by UE and gNB can provide significant gain on UL throughput. 
· With 20% probability UE blockage and MPE, UL panel switching controlled by UE/gNB can increase UL throughput for edge UE by 50.0%/58.0%.  
· With 100% probability UE blockage and MPE, UL panel selection controlled by UE/gNB can increase 10% UE UL throughput by 400%/400%. UL panel selection controlled by UE/gNB can reduce the ratio of 0Mbps UEs from 8.38% to 6.60%/6.32%.
It was agreed in RAN1#102-e that candidate solutions of the CAT0/1/2 need to be studied.
For CAT0, criteria of MPE event detection can be defined. UE determines whether a beam/panel is suffering from MPE issue and triggers report if certain criterion is met. Following options of criteria can be considered:
· Option1: PMPR of a beam/panel considering MPE is larger than a threshold
· Option2: PCMAX of a beam/panel considering MPE is smaller than a threshold
Proposal 5-1:
· Following options can be considered for MPE event detection
· Option1: PMPR of a beam/panel considering MPE is larger than a threshold
· Option2: PCMAX of a beam/panel considering MPE is smaller than a threshold
For CAT1, to prevent MPE issue from happening, a periodic report can be configured. UE can report the MPE safe UL beams/panels, e.g. beams/panels which do not suffer from MPE issue determined from criteria in CAT0. In addition, some additional information related to MPE can be reported together for each reported beam/panel, e.g., P-MPR or PCMAX. Based on the report, gNB can re-configure UL Tx beam/panel from the MPE-safe beams/panels. Such report can be also configured and triggered by gNB aperiodically.
From the above method, MPE issue can be alleviated by gNB’s appropriate re-configuration of UL Tx beam/panel. However, MPE issue may still happen due to sudden change of UE condition, e.g. UE rotation. When MPE issue happens, it can be regarded as UL beam failure. Similar to DL beam failure detection and recovery procedure, UL beam failure/MPE event report and UL beam failure recovery mechanism can be considered. UE can report the failed beam/panel and candidate new beam/panel to NW. Report like DL BFR via PRACH/SR/MAC CE can be considered.
Proposal 5-2:
· Both of the following options can be considered for UE report.
· Option 1: UE reports MPE safe UL beam/panel or with P-MPR/PCMAX/PH value per beam/panel periodically/aperiodically as configured by NW.
· Option 2: In case MPE issue happens, UE reports failed UL beam/panel (UL beam/panel with MPE issue) and candidate new UL beam/panel to NW.
For CAT2, whether new NW signaling in response to UE’s report and UE behavior after receiving NW’s response is needed is related to the outcome of CAT1. With option 1 for CAT1, based on UE’s report, NW can re-configure the UL beam/panel up to implementation, no new NW signaling in response to UE’ report or UE behavior after NW’s response need to be introduced.
With option 2 for CAT1, NW’s response and UE behavior need to be studied. After UE reports UL beam failure, if UE receives NW’s response, UE regards the UL beam failure recovery as successful and can apply the new candidate beam/panel for UL Tx. There are following examples of NW’s response:
· If UE’s report is transmitted via dedicated PRACH, NW’s response can be a PDCCH scrambled with C-RNTI
· If UE’s report is transmitted via MAC CE, NW’s response can be a UL grant DCI with the same HARQ process number and toggled NDI as the initial PUSCH conveying the MAC CE.
Proposal 5-3:
· When UE reports failed UL beam/panel and candidate new UL beam/panel to NW, NW’s response is needed. After receiving NW’s response, UE can apply the new candidate beam/panel for UL Tx.
[Issue 6] Another category
	1.  [Issue 6] For Rel.17 NR FeMIMO, 
10. add another category on performing study and, if needed, specifying feature(s) for beam acquisition (including beam tracking and refinement) latency reduction, especially for scenarios with high-speed UEs and large number of configured TCI states 
10. Partial BFR will be handled in ITEM 2c (BM enhancement for mTRP) 


6.1 Low latency/overhead beam management for high-speed UEs
In high-speed UEs, e.g. in High Speed Train (HST) scenario, the appropriate beam is changed quickly, due to UE’s movement. In such a scenario, to update the QCL assumption, the current spec. requires beam measurement, beam reporting, and beam indication. However, since the UE speed is high, the above procedure should be done frequently, and it has large overhead of CSI reporting and signaling.
If we consider the HST scenario or high way scenario, the beam transition is predictable at gNB based on the deployment, as illustrated in Figure 6-1. 
Observation 6-1:
· The beam transition is predictable at gNB in HST scenario, based on the deployment

[image: ]
Figure 6-1 the beam transition is predictable in e.g. HST scenario.

In such a scenario, we can omit current beam management procedure of beam reporting and beam indication. For example, the beam transition information is higher layer configured (illustrated in figure 6-2), then UE can blindly update the QCL assumption based on the beam measurement (illustrated in figure 6-3). 
Proposal 6-1:
· To reduce overhead of beam reporting and beam indication in HST scenario, consider the following mechanism.
· Beam transition information is high layer configured.
· UE blindly updates QCL assumption based on the beam measurement.
· Note: beam reporting and beam indication can be omitted.  
[image: ]
Figure 6-2 example of configuration of beam transition.

[image: ]
Figure 6-3 UE blindly detects the beam change by the beam measurement in HST.

6.2  Low latency/overhead beam management for periodic-SRS
In Rel.15, spatial relation update via MAC CE for semi-persistent SRS was supported. In Rel.16, for UL beam management latency reduction, MAC CE based spatial relation update for aperiodic SRS resource was supported. However, for periodic SRS, spatial relation can only be configured via RRC signaling. When spatial relation of periodic SRS need to be updated due to UE movement, RRC reconfiguration is needed, which will cause high latency. Thus, more efficient spatial relation update for periodic SRS need to be studied.
There are following options for more efficient spatial relation update for periodic SRS.
· Option1. Increase the number of SRS resources or SRS resource sets. In Rel.16, for codebook based UL transmission, one SRS resource set can be configured, and 2 SRS resources can be configured within the resource set. For non-codebook based UL transmission, one SRS resource set can be configured, and 4 SRS resources can be configured within the resource set. For beam management SRS, up to 16 SRS resources can be configured per resource set. The limited number in above cases restricts the flexibility to configure or indicate UL beams. Therefore, the number of SRS resources per resource set or number of SRS resource sets can be increased.
· Option2. Support MAC CE based spatial relation update for periodic SRS. Similar MAC CE as NR Rel.16 for semi-persistent/aperiodic SRS spatial relation update can be introduced for periodic SRS spatial relation update. If  option1 is supported, option2 is more necessary for efficient spatial relation update for periodic SRS. 
In case MAC CE level spatial relation update is supported for periodic SRS, simultaneous spatial relation update across multiple CCs/BWPs should be also supported for periodic SRS.
Based on above discussion, we have following proposals:
Proposal 6-2: 
· To support more efficient spatial relation update for periodic SRS, following options can be considered.
· Option1. Increase the number of SRS resources per resource set or the number of SRS resource sets.
· Option2. Support MAC CE based spatial relation update for periodic SRS.

Conclusion
In this contribution, we discussed the enhancements on beam management. Based on the discussion, we made the following proposals.
Proposal 2-1:
· For Issue 1a in RAN1#102e agreement, support “M>1” and “N>1”
· Note: selecting “M=1” or “N=1” has no clear gain from Rel.15/16
Proposal 2-2:
· For Issue 1b in RAN1#102e agreement, support at least Alt.1 (Utilize the joint TCI to include references for both DL and UL beams).
· Additionally, Alt. 2 (Utilize two separate TCI states, one for DL and one for UL) can be considered for MPE and/or M-TRP scenario
· In Alt. 2, Alt.2-1 (The UL TCI state is taken from the same pool of TCI states as the DL TCI state) can be considered.
Proposal 2-3:
· Update default TCI-state/QCL of PDSCH, to align with default spatial relation rule
· If CORESET is configured in the active DL BWP on the scheduled CC, TCI-state/QCL of the lowest CORESET ID; else, lowest TCI-state ID of PDSCH in the active DL BWP on the scheduled CC
Proposal 3-1:
· For Issue 3a in RAN1#102e agreement, support both DCI and MAC CE
· For joint common TCI indication, MAC CE activates multiple common TCIs, and DCI selects one common TCI, which is applied to multiple UL/DL channels
· For separate common TCI indication, MAC CE activates multiple common TCIs
· UL DCI selects one common TCI for UL, which is applied to multiple UL channels, e.g. PUSCH/PUCCH/SRS
· DL DCI selects one common TCI for DL, which is applied to multiple DL channels, e.g. PDCCH/PDSCH/CSI-RS
Proposal 3-2:
· The DCI field to indicate the common TCI is following.
· Joint TCI indication for UL and DL: 
· Existing DCI field of “TCI state” in the DL DCI for the indication of the common TCI for both DL and UL
· Separate TCI indication for UL and DL: 
· For the indication of DL TCI, existing DCI field of “TCI state” in the DL DCI
· For the indication of UL TCI, new DCI field of “unified TCI state” in UL DCI 
Proposal 3-3:
· To avoid misunderstanding of the common TCI b/w UE and gNB, the common TCI should be updated after the “confirmation” of the DCI indicating the common TCI.
· If DL DCI indicates the common TCI, the common TCI should be updated after HARQ-ACK transmission to the scheduled PDSCH, whose scheduling DCI indicates the common TCI.
· If UL DCI indicates the common TCI, the common TCI should be updated, 
· Alt.1 after a PDCCH reception with a DCI scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH and having a toggled NDI field value, where the first DCI scheduling the first PUSCH indicates the common TCI.
· Alt.2 after a HARQ-ACK transmission to the UL DCI reception which indicates the common TCI.
· Note: Considering the drawbacks of the UL DCI indication of the common TCI, UL DCI should be used only if needed (e.g. only applicable for UL TCI indication of the separate TCI indication)
Proposal 3-4:
· If the scheduling DCI of PDSCH/PUSCH indicates a common TCI, the TCI indicated by the scheduling DCI is applied to the scheduled PDSCH/PUSCH and associated HARQ transmission, even if it is before the updated timing of the common TCI.
· Note: previous common TCI is not applied for the scheduled PDSCH/PUSCH and associated HARQ transmission
Observation 3-1:
· Once P-CSI-RS resources and TCI-states are RRC configured in FR2, peak UE throughput is reduced due to the scheduling restriction/availability of PDSCH on the same symbol of P-CSI-RS with different QCL assumption.
Proposal 3-5:
· UE is only required to monitor P-CSI-RS/TRS associated with the active TCIs in common TCI pool
· No scheduling restriction of PDSCH on the same symbol of P-CSI-RS/TRS associated with the de-active TCIs in common TCI pool
Proposal 3-6:
· In addition to UE dedicated DCI, consider group common DCI for the indication of the common TCI for multiple UEs
Observation 4-1: 
· UL panel selection controlled by gNB based on UL signal strength/both UL signal strength and UL SINR can increase UL throughput for edge UE by 11.7%/18.1%, while almost keep average UL throughput.  
Proposal 4-1: 
· Support gNB controlled panel selection for UE UL transmission.
Proposal 4-2: 
· Different sets of UE panels can be used for DL reception and UL transmission. UL panels can be a subset of DL panels.
Proposal 4-3: 
· Support introducing a new ID representing the UE panel for panal-specific CSI report and panel indication for UL transmission. 
Proposal 4-4:
· Both UE controlled panel activation/deactivation with informing to NW and NW controlled panel activation/deactivation with indication to UE can be considered.
Observation 5-1: 
· In case of MPE, both UL panel switching controlled by UE and gNB can provide significant gain on UL throughput. 
· With 20% probability UE blockage and MPE, UL panel switching controlled by UE/gNB can increase UL throughput for edge UE by 50.0%/58.0%.  
· With 100% probability UE blockage and MPE, UL panel selection controlled by UE/gNB can increase 10% UE UL throughput by 400%/400%. UL panel selection controlled by UE/gNB can reduce the ratio of 0Mbps UEs from 8.38% to 6.60%/6.32%.
Proposal 5-1:
· Following options can be considered for MPE event detection
· Option1: PMPR of a beam/panel considering MPE is larger than a threshold
· Option2: PCMAX of a beam/panel considering MPE is smaller than a threshold
Proposal 5-2:
· Both of the following options can be considered for UE report.
· Option 1: UE reports MPE safe UL beam/panel or with P-MPR/PCMAX/PH value per beam/panel periodically/aperiodically as configured by NW.
· Option 2: In case MPE issue happens, UE reports failed UL beam/panel (UL beam/panel with MPE issue) and candidate new UL beam/panel to NW.
Proposal 5-3:
· When UE reports failed UL beam/panel and candidate new UL beam/panel to NW, NW’s response is needed. After receiving NW’s response, UE can apply the new candidate beam/panel for UL Tx.
Observation 6-1:
· The beam transition is predictable at gNB in HST scenario, based on the deployment
Proposal 6-1:
· To reduce overhead of beam reporting and beam indication in HST scenario, consider the following mechanism.
· Beam transition information is high layer configured.
· UE blindly updates QCL assumption based on the beam measurement.
· Note: beam reporting and beam indication can be omitted.  
Proposal 6-2: 
· To support more efficient spatial relation update for periodic SRS, following options can be considered.
· Option1. Increase the number of SRS resources per resource set or the number of SRS resource sets.
· Option2. Support MAC CE based spatial relation update for periodic SRS.
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Appendix A
Table A-1: Simulation assumptions for multi-panel UE 
	Parameter
	Values

	Carrier frequency
	30GHz

	Bandwidth
	80 MHz for UL

	SCS
	120KHz

	Network layout
	Dense urban, 1 layer macro

	Channel model
	38.900 Channel model B

	BS antenna structure and TXRU
	256Tx/Rx = (M,N,P,Mg,Ng) = (4,8,2,2,2), (dH,dV) = (0.5, 0.5)λ. (dgH,dgV) = (4.0, 2.0)λ
TXRU: 8TXRU=(Mp,Np,P,Mg,Ng) =(1,1,2,2,2)

	UE antenna structure and TXRU
	16Tx/Rx = (M,N,P,Mg,Ng) = (1,4,2,1,2), (dH,dV) = (0.5, 0.5)λ
TXRU: 4TXRU=(Mp,Np,P,Mg,Ng)=(1,1,2,1,2)

	Number of UE TXRU
	Beam sweeping: 4 (1 TXRU per panel per polarization), pannel selection is used then only 2 TxRU for Tx.

	CSI-T
	DFT based analog beam sweeping + non CB

	Number of layer
	1

	Modulation
	64QAM without EVM, support NR Real-channel estimation 64QAM

	Scheduling
	Subband PF

	Azimuth beam width
	11deg

	Elevation beam width
	11deg

	Azimuth beam steering range
	±45deg

	Elevation beam steering range
	±45deg

	MIMO receiver (CSI/data)
	BS side analog beam selection + MMSE-IRC

	Traffic model
	Full buffer, FTP model 1, FTP model 3

	BS receiver noise figure
	5 dB

	Number of average UEs per macro sector
	10

	UE power
	23dBm

	UE mobility
	100% outdoor (30 km/h)

	UL power control
	Open Loop TPC

	UE distribution
	Users randomly and uniformly dropped within the cluster. 

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.

	TDD config
	DSUUD

	Layer mapping
	NR method
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