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Introduction
In this contribution, we discuss the beam-management-related enhancements.
 [Issue1] Unified TCI framework 
2.1 Simultaneous TCI update across CCs
	Agreement
On Rel-17 unified TCI framework, support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs:
· The above applies to intra-band CA
· The above applies to joint DL/UL and separate DL/UL beam indications 
· Just as Rel.16, the RS in the TCI state that provides QCL-TypeA [or QCL-TypeB] shall be in the same CC as the target channel or RS
· The common TCI state ID implies that the same/single RS determined according to the TCI state(s) indicated by a common TCI state ID is used to provide QCL Type-D indication and to determine UL TX spatial filter across the set of configured CCs
· FFS: The above also applies to inter-band CA 
· FFS: TCI state pool for CA 
· Opt-1: sharing a single RRC TCI state pool for the set of configured CCs, e.g., cell-group TCI state pool, or reuse TCI state pool for PDSCH in a reference cell; A CC ID for QCL-Type A RS is absent in a TCI state, and the CC ID for QCL-Type A RS is determined according to a target CC of the TCI state.
· FFS: Whether it is possible that a single TCI state in the pool includes all source RSs from different CCs
· Opt-2: configuring RRC TCI state pool per individual CC
· FFS: Whether the Rel-17 common beam update across multiple CCs applies to beam indication for single channel (e.g. PDSCH only, single CORESET), a subset of channels, or all channels


In RAN1#103e meeting, simultaneous TCI update across intra band CCs was agreed. For inter band CCs, some companies raised concern on including it because the use-case is not clear and it may have impact to RAN4. However, we believe it is beneficial to include both inter-band CCs in FR1 and inter-band CCs in FR2. One clear use-case for us is inter-band CA in FR1 (e.g. 3.7GHz + 4.5GHz), where we deploy 5G NR, and we believe the common TCI framework is useful for such scenario. Regarding to the potential impact to RAN4, since our RAN1 discussion is from signaling perspective, our understanding is there is no issue to agree it in RAN1. Whether RAN4 supports the inter band CA in one TCI or multiple TCIs, is another discussion and totally up to RAN4.
Proposal 2-1:
· For unified TCI framework, support simultaneous TCI update across inter band CCs, from signaling perspective.

For the TCI state pool, two options were discussed. Opt-1 (sharing a single RRC TCI state pool for the set of configured CCs) requires smaller number of bits in RRC configuration, because TCI state pool configuration on individual CCs are not required. Opt-2 (RRC TCI state pool per individual CC) is similar mechanism as Rel.15/16, and CC list would be separately configured from TCI state pool on individual CCs. To select one of the options, the question is whether we have use-case to configure different TCI state pool on different CC in a given CC list. In our understanding, we have no such use case, and it is enough to assume the same TCI pool configuration in a CC list. Hence, we believe Opt-1 should be supported.
Proposal 2-2:
· For both intra/inter band CA for unified TCI framework, support Opt-1 (sharing a single RRC TCI state pool for the set of configured CCs).

[Issue3] Signaling of unified TCI framework 
3.1 Beam indication DCI and its acknowledgement
	Agreement
In RAN1#104-e, on the Rel-17 L1-based TCI state update (beam indication) for the unified TCI framework, interested companies are to provide the following:
· How to use DCI formats 1_1 and 1_2 for UL-only (in case of separate DL/UL) TCI state update (beam indication) 
· Note: The agreement implies that DCI formats 1_1 and 1_2 can be used for UL-only TCI state update beam indication). 
· FFS: Using DCI format 1_1 and 1_2 without DL assignment, and with a new acknowledgment mechanism directly in response to decoding DCI format 1_1 and 1_2, e.g., analogous to SPS PDSCH release
· Whether/how to support at least one additional DCI format dedicated for UL-only beam indication (in case of separate DL/UL), including:
· Whether the format can also be used for DL-only beam indication (in case of separate DL/UL) and joint DL/UL beam indication
· Whether it is a “brand new” format or based on some extension of the existing DCI formats other than 1_1 and 1_2 (e.g. 1_0, 0_0, 0_1, or 0_2)
· If UL-related DCI is used, whether it is accompanied with UL grant or not
· Acknowledgment mechanism


In RAN1#103e meeting, it was agreed that existing DCI formats 1_1 and 1_2 are used for the beam indication for joint or separate DL/UL beam indication. For UL only beam indication, we should discuss how to indicate the unified TCI. Following options can be considered: 
· Alt.1: New DCI field or existing DCI field (e.g. SRI field) in UL grant DCI (i.e. DCI format 0_1, 0_2)
· Alt.2: New DCI field in DL assignment DCI (i.e. DCI format 1_1, 1_2)
· Alt.3: New DCI format without data scheduling
In Alt. 1, the issue is how to enable reliable acknowledgement mechanism to the beam indication DCI. Generally, if UE receives UL grant DCI, UE transmits PUSCH. However, there is no clear performance requirement for PUSCH transmission, and PUSCH would be missed with higher probability than PDCCH detection or ACK transmission. Hence, if PUSCH is assumed as acknowledgement to the beam indication DCI, the reliability to ensure the common understanding of the unified TCI state between gNB and UE is a problem. In Alt. 2, gNB should send DL DCI which contains DL grant for UL only beam indication, which is not efficient when there is no DL data. In Alt. 3, the new DCI format can be used for the beam indication without data scheduling. This is efficient especially in case of no scheduling data. However, it is important not to increase the number of the Blind Detection (BD) due to introducing the new DCI format, e.g. keep the same DCI payload as one of existing DCI format, and introduce new RNTI or add at least 1 bit new DCI field of the format indication, to differentiate existing DCI format or new DCI format.

Proposal 3-1:
· For UL only beam indication for unified TCI framework, support new DCI format without data scheduling to indicate the unified TCI.
· The number of the Blind Detection (BD) is not increased due to the new DCI format (e.g. keep the same DCI payload as one of existing DCI format, and introduce new RNTI or add at least 1 bit new DCI field of the format indication, to differentiate existing DCI format or new DCI format). 

If the new DCI format is introduced, it is also useful for “joint UL/DL beam indication” and “DL-only for separate UL/DL beam indication”.
Proposal 3-2:
· For joint UL/DL beam indication and DL-only for separate beam indication, support new DCI format without data scheduling to indicate the unified TCI.
· The number of the Blind Detection (BD) is not increased due to the new DCI format (e.g. keep the same DCI payload as one of existing DCI format, and introduce new RNTI or add at least 1 bit new DCI field of the format indication, to differentiate existing DCI format or new DCI format). 

For the beam indication DCI and its acknowledgement, as agreed in RAN1#103e meeting, DCI format 1_1/1_2 is used for the beam indication with PDSCH scheduling, and HARQ-ACK to the PDSCH is acknowledgement to the beam indication. However, the beam indication DCI and its acknowledgement mechanism in following cases are not clear.
· 1. Common beam indication for both UL/DL without PDSCH scheduling
· 2. DL only for separate UL/DL beam indication without PDSCH scheduling
· 3. UL only for separate UL/DL beam indication (without PDSCH scheduling)
We believe new DCI format without PDSCH scheduling is useful for above cases as beam indication DCI, and new acknowledgement mechanism directly response to the beam indication DCI (e.g. analogous to SPS PDSCH release) should be supported. Table 3-1 summarizes the beam indication DCI and its acknowledgement. Proposals are marked in yellow.

Proposal 3-3:
· For the beam indication DCI and its acknowledgement, support yellow parts in Table 3-1:
Table 3-1.  Beam indication DCI and its acknowledgement.
	Scenario
	Beam indication DCI
	Acknowledge to the beam indication DCI

	1. Common beam indication for both UL/DL
	with PDSCH scheduling
	DCI format 1_1, 1_2
	HARQ-ACK to the PDSCH

	
	without PDSCH scheduling
	New DCI format without PDSCH scheduling
	New acknowledgement mechanism directly response to the beam indication DCI (e.g. analogous to SPS PDSCH release)

	2. DL only for separate UL/DL beam indication
	with PDSCH scheduling
	DCI format 1_1, 1_2
	HARQ-ACK to the PDSCH

	
	without PDSCH scheduling
	New DCI format without PDSCH scheduling
	New acknowledgement mechanism directly response to the beam indication DCI (e.g. analogous to SPS PDSCH release)

	3. UL only for separate UL/DL beam indication
	(without PDSCH scheduling)
	New DCI format without PDSCH scheduling
	New acknowledgement mechanism directly response to the beam indication DCI (e.g. analogous to SPS PDSCH release)



3.2 Beam application timing
In RAN1#103e meeting, following agreement was made.  
	Agreement
On Rel.17 DCI-based beam indication: 
· Regarding application time of the beam indication: if beam indication is received, down-select from the following:
· Alt1: the first slot that is at least X ms or Y symbols after the DCI with the joint or separate DL/UL beam indication
· Alt2: the first slot that is at least X ms or Y symbols after the acknowledgment of the joint or separate DL/UL beam indication 
· FFS: whether any existing timing defined for DCI based TCI/spatial relation update can be used for X/Y
· FFS: When to apply the minimum indication delay (e.g., when the newly indicated beam is different with the previously indicated beam)


Alt. 1 enables faster beam application, however, Alt. 1 has an issue of potential misalignment of the beam assumption between gNB and UE. As illustrated in Figure 3-1, if the beam indication DCI is missed, gNB updates the assumption of the unified TCI state, but UE does not know even the beam indication DCI comes or not, and hence, UE monitors DCI on previous beam. In this case, the misalignment of the bam assumption happens. Since the error requirement of PDCCH detection is 1%, this issue happens in 1% probability, which we cannot ignore from system perspective. 
Observation 3-1:
· For the beam application timing, Alt.1 (beam application after beam indication DCI) has an issue of misalignment of the beam assumption of upcoming DCI between gNB and UE.
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Figure 3-1.  Issue of Alt. 1 (beam application after beam indication DCI).

On the other hand, Alt. 2 is more reliable. The unified TCI assumption is updated after the acknowledgement, the misalignment issue does not happen. Hence, Alt. 2 should be supported.
Proposal 3-4:
· For the beam application timing, support Alt. 2 (beam application after acknowledgement).

One disadvantage of Alt. 2 is the latency of the beam application to the scheduled PDSCH and corresponding HARQ transmission. The beam indication DCI indicates the new TCI, but it is not applied to the scheduled PDSCH and corresponding HARQ transmission. This is latency degradation from Rel.15/16 DCI level beam indication. To solve this issue, we propose to apply the indicated TCI to the scheduled PDSCH and corresponding HARQ transmission in advance, before updating the unified TCI. In this case, if the beam indication DCI is missed, UE does not receive PDSCH and transmits HARQ, hence the issue of observation 3-1 does not exist. Figure 3-2 illustrates the proposal. 
Proposal 3-5:
· For Alt. 2 (beam application after acknowledgement), the new beam is applied to the scheduled PDSCH and corresponding HARQ transmission before updating the unified TCI state.
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Figure 3-2.  New beam is applied to PDSCH/HARQ before updating the unified TCI state.

3.3 Beam application timing configuration
In RAN1#103e meeting, following agreement was made.  
	Agreement
On Rel.17 DCI-based beam indication, the beam application time is to be down-selected or modified from the following:
· Alt1: The beam application time can be configured by the gNB based on UE capability
· Support a UE capability for the minimum value of beam application time
· FFS: the exact minimum values of beam application time supported by UE 
· FFS: whether existing UE capability can be reused as this UE capability.
· FFS: whether different beam application time values are supported for uplink and downlink
· FFS: whether UE capability needs to be introduced for the maximum value of beam application time
· Alt2: The beam application time is fixed and defined in specification
· Alt3: The beam application time can be configured by the gNB where the minimum value of beam application time is fixed and defined in specification
· Consider multi-panel UE, layer 1/2 inter-cell cases, carrier aggregation aspects


To enable more flexible gNB operation, we think it is useful for gNB to control the application timing, hence we prefer Alt. 1.
Proposal 3-6:
· For the configuration of the beam application time, Alt. 1 (configured by the gNB based on UE capability) is preferred.

3.4 Other issues related to the previous agreements
	Agreement
On beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework:
· Support L1-based beam indication using at least UE-specific (unicast) DCI to indicate joint or separate DL/UL beam indication from the active TCI states 
· The existing DCI formats 1_1 and 1_2 are reused for beam indication
· Support a mechanism for UE to acknowledge successful decoding of beam indication
· The ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI
· FFS: Whether any additional specification support is needed
· Support activation of one or more TCI states via MAC CE analogous to Rel.15/16:
· At least for the single activated TCI state, the activated TCI state is applied
· The content for the MAC CE is determined based on the outcome of issue 1
· FFS: If supported, default TCI state when more than one TCI states are activated by MAC CE
· Note: There is no implications on the support of single TRP or multi-TRP 
· FFS: Additional enhancement such as L1-based beam indication with group-common DCI
· FFS: Whether the Rel.17 beam indication can also apply to beam indication for single channel (e.g. PDSCH only, single CORESET) or a subset of channels
· FFS: Additional details on extending the support of L1-based beam indication when separate UL (from DL) common beam indication is configured


We believe it is important to discuss default TCI state in unified TCI framework. This is highly related to the discussion of application timing of unified TCI, we suggest discussing this right after application timing is agreed. 
Proposal 3-7:
· For unified TCI framework, after application timing is agreed, discuss default TCI state of the unified TCI framework.

We believe the first priority of the specification work for unified TCI framework is for single TRP, hence we propose to finalize single TRP before discussing multi TRP. 
Proposal 3-8:
· For unified TCI framework, the discussion of single TRP should be prioritized.

3.5 Other issue: 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 3-3). This means peak UE throughput is reduced once P-CSI-RS resources and TCI state are configured by RRC.
Observation 3-2:
· 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 3-3. 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 3-4 illustrated an example of the benefit of Proposal 3-9: 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 3-9:
· 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 3-4 Benefit of Proposal 3-9.

[Issue2] L1/L2-centric inter-cell mobility 
4.1 QCL relation for non-serving cell
The purpose of the L1/L2-centric inter-cell mobility is to allow inter PCI dynamic point selection in DCI or MAC CE by using beam management framework (illustrated in Figure 4-1). In this case, the UE would only receive from one TRP at a time. We assume the specification impact to specify this is small, i.e. just by defining non-serving cell SSB as QCL source RS of TRS/CSI-RS. The allowed QCL relations in section 5.1.5 in TS38.214 would stay intact, and we don’t need to change existing QCL relation of DMRS for PDSCH/PDCCH, e.g., explicit QCL sources for PDCCH/PDSCH DMRS are CSI-RS/TRS and implicit QCL source for PDCCH/PDSCH DMRS are SSB. 
Proposal 4-1:
· To allow that non-serving cell RSs are used as direct or indirect QCL source for non-serving cell PDCCH/PDSCH DMRS,
· non-serving cell SSBs are used as indirect QCL source for non-serving cell PDCCH/PDSCH DMRS.
· non-serving cell PDCCH/PDSCH DMRS can be QCLed (directly or indirectly) with non-serving cell CSI-RS/TRSs associated with non-serving cell SSBs.
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Figure 4-1 Purpose of the L1/L2-centric inter-cell mobility.

4.2 Beam measurement/reporting for non-serving cell
To ensure inter-cell mobility, beam management should be performed on the non-serving cell. So, that gNB can configure appropriate QCL from non-serving cell for PDCCH/PDSCH transmission. L3 measurement/reporting is not sufficient in that case, hence, non-serving cell SSB should be also configured for L1 beam measurement/reporting.
Proposal 4-2:
· Support configuration of non-serving cell SSB for L1 beam measurement/reporting.

[Issue 4] Fast UL panel selection
	Agreement
In Rel-17 enhancement for facilitating fast uplink panel selection, the following use cases are assumed:
· MPE mitigation
· UE power saving
· UL interference management
· Support different configurations across panels
· UL mTRP 
Agreement
In Rel-17 enhancement on MP-UE to facilitate fast UL panel selection and MPE mitigation, UL Tx panel(s) are assumed to be a same set or subset of DL Rx panel(s)
Agreement
In Rel.17 enhancement for facilitating fast uplink panel selection, UE-initiated UL panel selection/activation are supported:
· FFS: Whether NW-initiated panel selection/activation is also supported
· FFS: Whether specification support for this feature is necessary and if so the details of such spec support.



5.1 UE initiated panel selection/activation
In RAN1#103e meeting, UE-initiated UL panel selection/activation was supported. UE initiated panel selection can be up to implementation as in Rel-15/16. However, for UE initiated panel activation/deactivation, it is beneficial to align the information of activation/deactivation status of UE panels between UE and gNB. In RAN1#102e meeting, it was agreed that UE panels can constitute different number of antenna ports, number of beams, and EIRP. With the information of panel activation/deactivation, gNB can make proper configuration of antenna ports, beams, power control for UL Tx. Furthermore, without the information aligned, if a panel is deactivated by UE and not aware of by gNB, gNB may configure improper beam for DL Rx/UL Tx, e.g. gNB may expect DL Rx/UL Tx with beams from a deactivated panel. And if a panel is activated by UE and not aware of by gNB, gNB may not configure optimum beam for DL Rx/UL Tx if the optimum beam is from an activated panel unaware by gNB.

Proposal 5-1: 
· For UE initiated panel activation/deactivation, the status of panel activation/deactivation should be reported to gNB.
5.2 NW initiated panel selection/activation
With UE initiated panel selection, 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. It was agreed in RAN1#103e meeting that one use case for fast panel selection is UL interference control. As shown in Figure 4-1, with UE initiated panel selection, 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. 
[image: ]
Figure 5-1. 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 5-1. 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 5-1. 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 5-1: 
· 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 5-2: 
· Support NW initiated 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 above analysis, 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 5-3: 
· Support introducing a new ID representing the UE panel for panel-specific CSI report and panel indication for UL transmission. 
Regarding panel activation/deactivation, for UE initiated panel activation/deactivation, with beam correspondence, UE can decide panel activation/deactivation based on DL beam measurement result of each panel and its power consumption state. On the other hand, it is also beneficial to support NW initiated 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. 
Proposal 5-4:
· Support NW initiated panel activation/deactivation.

[Issue 5] MPE mitigation
	Agreement
On UE reporting for MPE mitigation for Rel-17, investigate and, if needed, specify the following:
· Reporting of P-MPR report based on Rel.16 framework.
· FFS: Whether panel/beam level based P-MPR report is supported
· FFS: Maximum reported number of panels, e.g. single or multiple  
· Reporting SSBRI(s)/CRI(s) and/or indication of panel selection for the purpose of indicating:
· Alt1: alternative UE panel(s) or TX beam(s) for UL transmission
· Alt2: feasible UE panel(s) or TX beam(s) for UL transmission taking the MPE effect into account
· FFS: indication of panel selection details (e.g. explicit/implicit)
· Any additional reporting content: down-select from the following in RAN1#104-e 
· Alt0: no additional reporting content
· Alt1: Additional reporting content is included (for example P-MPR + L1-RSRP, virtual PHR + L1-RSRP, L1-RSRP/SINR with and without MPE effect, virtual PHR, P-MPR or virtual PHR + CRI/SSBRI, estimated max UL RSRP) 
· Note: Other options are not precluded
· FFS: Whether the above reporting is triggered by UE or configured by NW



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 6-1 and Table 6-2 for MPE probability of 20% and 100%, respectively. From Table 6-1, 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 6-1. 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 6-2, 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 6-2. 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 6-1: 
· 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#103e meeting to study UE reporting for MPE mitigation. From our perspective, following solutions can be further considered.
Alt.1. per panel/beam PMPR report based on Rel-16 framework, i.e. via PHR MAC CE.
To facilitate fast panel/beam switching for MPE mitigation, per panel/beam PMPR report can be considered, where panel/beam information can be reported together with PMPR. Compared to beam level PMPR report, panel level PMPR report can save overhead. On the other hand, with panel level PMPR report, panel information in L1 beam reporting is required to facilitate proper beam configuration for UL Tx. 
In Rel-16, PMPR report can be triggered by periodic timer or triggered by event when PMPR value is larger than a threshold. For per panel/beam PMPR report, it needs to be further studied whether PMPR of all panels/beams are reported or only PMPR of panels/beams with MPE issues are reported when a PMPR report is triggered. Furthermore, since Rel-16 PMPR report is included in PHR MAC CE, with per panel/beam PMPR report, it needs to be further studied whether PHR and PCMAX are reported with panel/beam level.
Alt.2. UL beam report based on CSI framework
Based on CSI framework, like DL L1 beam reporting, gNB can configure periodic or aperiodic report of best beams for UL Tx. The criteria for UE selection of best UL beams can be further studied, e.g., PCMAX, PMPR, and pathloss can be taken into account. 
Alt.3. UL beam failure report and recovery
With alt.1 and alt.2, 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. To facilitate fast recovery from MPE issue, similar as DL beam failure detection and recovery procedure, UL beam failure report and recovery mechanism can be considered. When UL beam failure is detected, new candidate UL beam can be determined and reported by UE via PRACH or MAC CE. Meanwhile the new candidate beam can be applied for UL Tx until reconfiguration of UL beams. Criteria of UL beam failure detection and new candidate beam determination can be further studied. 
Proposal 6-1: 
· For UE reporting for MPE mitigation, further consider following solutions.
· Alt.1. per panel/beam PMPR report based on Rel-16 framework, i.e. via PHR MAC CE.
· Alt.2. UL beam report based on CSI framework
· Alt.3. UL beam failure report and recovery

[Issue 6] Another category
	1.  [Issue 6] For Rel.17 NR FeMIMO, 
0. 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 
0. Partial BFR will be handled in ITEM 2c (BM enhancement for mTRP) 


7.1 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 7-1. 
Observation 7-1:
· The beam transition is predictable at gNB in HST scenario, based on the deployment

[image: ]
Figure 7-1 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 7-2), then UE can blindly update the QCL assumption based on the beam measurement (illustrated in figure 7-3). 
Proposal 7-1:
· 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 7-2 example of configuration of beam transition.

[image: ]
Figure 7-3 UE blindly detects the beam change by the beam measurement in HST.

7.2 Alignment of UL/DL default beams
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 7-1 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 7-2:
· 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.

7.3 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 7-3: 
· 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 unified TCI framework, support simultaneous TCI update across inter band CCs, from signaling perspective.
Proposal 2-2:
· For both intra/inter band CA for unified TCI framework, support Opt-1 (sharing a single RRC TCI state pool for the set of configured CCs).
Proposal 3-1:
· For UL only beam indication for unified TCI framework, support new DCI format without data scheduling to indicate the unified TCI.
· The number of the Blind Detection (BD) is not increased due to the new DCI format (e.g. keep the same DCI payload as one of existing DCI format, and introduce new RNTI or add at least 1 bit new DCI field of the format indication, to differentiate existing DCI format or new DCI format). 
Proposal 3-2:
· For joint UL/DL beam indication and DL-only for separate beam indication, support new DCI format without data scheduling to indicate the unified TCI.
· The number of the Blind Detection (BD) is not increased due to the new DCI format (e.g. keep the same DCI payload as one of existing DCI format, and introduce new RNTI or add at least 1 bit new DCI field of the format indication, to differentiate existing DCI format or new DCI format). 
Proposal 3-3:
· For the beam indication DCI and its acknowledgement, support yellow parts in Table 3-1:
Table 3-1.  Beam indication DCI and its acknowledgement.
	Scenario
	Beam indication DCI
	Acknowledge to the beam indication DCI

	1. Common beam indication for both UL/DL
	with PDSCH scheduling
	DCI format 1_1, 1_2
	HARQ-ACK to the PDSCH

	
	without PDSCH scheduling
	New DCI format without PDSCH scheduling
	New acknowledgement mechanism directly response to the beam indication DCI (e.g. analogous to SPS PDSCH release)

	2. DL only for separate UL/DL beam indication
	with PDSCH scheduling
	DCI format 1_1, 1_2
	HARQ-ACK to the PDSCH

	
	without PDSCH scheduling
	New DCI format without PDSCH scheduling
	New acknowledgement mechanism directly response to the beam indication DCI (e.g. analogous to SPS PDSCH release)

	3. UL only for separate UL/DL beam indication
	(without PDSCH scheduling)
	New DCI format without PDSCH scheduling
	New acknowledgement mechanism directly response to the beam indication DCI (e.g. analogous to SPS PDSCH release)


Observation 3-1:
· For the beam application timing, Alt.1 (beam application after beam indication DCI) has an issue of misalignment of the beam assumption of upcoming DCI between gNB and UE.
Proposal 3-4:
· For the beam application timing, support Alt. 2 (beam application after acknowledgement).
Proposal 3-5:
· For Alt. 2 (beam application after acknowledgement), the new beam is applied to the scheduled PDSCH and corresponding HARQ transmission before updating the unified TCI state.
Proposal 3-6:
· For the configuration of the beam application time, Alt. 1 (configured by the gNB based on UE capability) is preferred.
Proposal 3-7:
· For unified TCI framework, after application timing is agreed, discuss default TCI state of the unified TCI framework.
Proposal 3-8:
· For unified TCI framework, the discussion of single TRP should be prioritized.
Observation 3-2:
· 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 3-9:
· 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 4-1:
· To allow that non-serving cell RSs are used as direct or indirect QCL source for non-serving cell PDCCH/PDSCH DMRS,
· non-serving cell SSBs are used as indirect QCL source for non-serving cell PDCCH/PDSCH DMRS.
· non-serving cell PDCCH/PDSCH DMRS can be QCLed (directly or indirectly) with non-serving cell CSI-RS/TRSs associated with non-serving cell SSBs.
Proposal 4-2:
· Support configuration of non-serving cell SSB for L1 beam measurement/reporting.
Proposal 5-1: 
· For UE initiated panel activation/deactivation, the status of panel activation/deactivation should be reported to gNB.
Observation 5-1: 
· 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 5-2: 
· Support NW initiated UL panel selection.
Proposal 5-3: 
· Support introducing a new ID representing the UE panel for panel-specific CSI report and panel indication for UL transmission. 
Proposal 5-4:
· Support NW initiated panel activation/deactivation.
Observation 6-1: 
· 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 6-1: 
· For UE reporting for MPE mitigation, further consider following solutions.
· Alt.1. per panel/beam PMPR report based on Rel-16 framework, i.e. via PHR MAC CE.
· Alt.2. UL beam report based on CSI framework
· Alt.3. UL beam failure report and recovery
Observation 7-1:
· The beam transition is predictable at gNB in HST scenario, based on the deployment
Proposal 7-1:
· 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 7-2:
· 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 7-3: 
· 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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