
[bookmark: _Hlk47552872][bookmark: _GoBack]3GPP TSG RAN WG1 #103-e                                                R1-2007644 
e-Meeting, October 26th – November 13th, 2020

Source:	vivo
Title:	Further discussion on multi beam enhancement
Agenda Item:	8.1.1
Document for:	Discussion and Decision
Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The 3GPP Rel-17 NR MIMO WID [1] includes enhancement on multi-beam operation. In RAN1 #102-e meeting, some issues need further discussion, e. g. unified TCI framework and common beam, L1/L2-centric inter-cell mobility, MPUE and MPE, etc. [2] In this contribution, we share our views on the issues for Rel-17 NR FeMIMO on multi-beam operations. 
Common beam and unified TCI framework
	Agreement 
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 3] For Rel.17 NR FeMIMO, on dynamic TCI state update signaling medium: 
1. 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)
1. 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



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In 3GPP Rel-15/Rel-16, the scheme for beam indication is designed independently for each channel/RS. For PDCCH and PUCCH, MAC CE activates a TCI state/spatial relation from the candidate TCI states/spatial relations configured by RRC. For PDSCH, gNB indicates the TCI state through DCI including TCI field from a group of activated TCI states by MAC CE. For PUSCH, SRI field in DCI is used to indicate the spatial relation. For CSI-RS/SRS, TCI state/spatial relation is configured by RRC or activated by MAC CE or indicated by DCI.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK15][bookmark: OLE_LINK16]3GPP Rel-15/Rel-16 already supports default beam for PDSCH, PUCCH, PUSCH, CSI-RS and SRS, etc. These default beam schemes include the default TCI state of PDSCH when the scheduling offset is less than the threshold timeDurationForQCL, the default TCI state of PDSCH scheduled by a DCI format not having the TCI field present, the default TCI state of aperiodic CSI-RS when the scheduling offset is smaller than the UE reported threshold beamSwitchTiming, the spatial relation of PUCCH when the spatial relation of the PUCCH is not configured, the spatial relation of PUSCH when the PUSCH is scheduled by DCI format 0_0 and the PUCCH resource/PUCCH spatial relation is not configured in the active UL BWP, the spatial relation of SRS when the spatial relation of the SRS resource is not configured. Most of the above default TCI state/spatial relation/pathloss RS are determined according to the QCL assumption of CORESET with the lowest controlResourceSetId.
In general, the typical case is single beam operation because different DL/UL channels/RSs are propagating through almost the same path.  So multiple channels can apply a common beam indicated by gNB based on the existing solution of default beam scheme in Rel-15/Rel-16 to unify the beam indication for different channels/RSs, which is an effective way to reduce the signaling overhead for beam indication with minimum standardization efforts. 

Independent beam indications for DL and UL channels/RSs require a heavy signaling overhead.
Default beams for PDSCH, PUCCH, PUSCH, CSI-RS and SRS are specified in Rel-15 and Rel-16.

Existing solution of default beam scheme in Rel-15/Rel-16 can be extended to unify the beam indication for different DL/UL channels/RSs.

Single common beam and multiple common beams
In RAN1 #102-e meeting, the working assumption is provided where M=1 or M>=1 TCI states for common QCL information and N=1 or N>=1 TCI states for UL Tx spatial filters. 
In the single common beam mode mentioned above, different channels/RSs use the same common beam to reduce the signaling overhead of beam indication. But this single common beam may not be a universal solution. The performance objectives of each channel or RS are different. For example, control channels seek coverage and reliability, while the data channels pursue high data rate. In general, the control channel is transmitted using a wide beam and the data channel is transmitted using a narrow beam, which can better meet the performance objectives of each channel. Therefore, even if the common beam is introduced, the requirement of how to distinguish different performance objectives of each channel or RS still needs to be solved.
The SLS evaluation performance of PDSCH transmission with different beam widths in InH scenario is provided. The two beam widths are formed according to the beamforming parameters, where the main lobe patterns for wide beam and narrow beam in one dimension are depicted in Figure 1. Other simulation parameters can be referred to Table 9. Compared with the narrow beam, wide beam is generated by reducing the size of antenna array and TxRU, while the number of ports remains unchanged.
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1. [bookmark: _Ref53822740]Main lobe beam patterns in one dimension of different beam widths.
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1. Performance of PDSCH with different beam widths
1. 
SE comparison of PDSCH with different beam widths (same λ, RU0.21)
	
	Mean SE
	5% SE
	50% SE
	95% SE

	narrow beam (baseline)
	0.0%
	0.0%
	0.0%
	0.0%

	wide beam
	-7.7%
	-14.1%
	-17.0%
	0.0%



It can be seen from the simulation results that the performance of PDSCH degrades with the increase of the beam width. Then the expected data rate and spectrum efficiency cannot be achieved if a common wide beam is used to ensure the coverage and reliability required by the control channels. Although the wide beam helps to obtain better coverage, the SINR and beamforming gain of the wide beam are far less than that of the narrow beam. If the data channel applies the same common beam as the control channel, the performance degradation is obvious, which is not desired.

Narrow beam provides better data transmission efficiency while wide beam provides more robustness. 
If the narrow beam is used for the PDCCH transmission, on the other hand, the coverage will be affected. When the UE moves and rotates, the TCI state of PDCCH needs to be updated frequently by MAC CE, otherwise the UE cannot monitor the scheduling DCI from the gNB in time. Even if DCI is used to indicate the TCI state of PDCCH, the robustness of PDCCH decoding cannot be guaranteed because DCI has no HARQ-ACK information.
Considering the performance of each channel/RS, in Rel-17 multiple common beams can be introduced for different DL and UL channels/RSs, e.g. M=2/N=2 common beams with different beam widths. Single common beam and multiple common beams can be enabled by the RRC. When the gNB enables multiple common beams, MAC CE-based beam indication can be reused considering trade-off between beam updating rate and robustness.
For multi-TRP case, the common beam operation also can be considered to reduce the signaling overhead for beam indication. The propagation paths between UE and each TRP are different, which leads to each TRP with its own common beam. So the solution for TRP specific common beam needs to be studied in Rel-17. With non-ideal backhaul multi-TRP as the major operation scenario, each TRP may have specific common beam(s) to enable single common beam and multiple common beams operation, e.g. M=2/N=2 common beams are applied for each TRP. Such common beam operation under multi-TRP would facilitate multi-TRP deployment in FR2.

Support multiple common beams in Rel-17, i.e. M>1 or N>1.

Support multiple common beam operation for each TRP, with M=4/N=4 across M-TRP as maximum.

TCI state indication signaling 
In RAN1 #102-e meeting, for purpose of dynamic TCI states signaling the different candidate signaling schemes are provided, where the multiple factors, e.g. performance, overhead, latency, reliability, needs to be considered. 
The TCI state indication for common beam also needs to be considered to meet the requirement of common beam issue of reducing latency and overhead. From the perspective of tradeoff between latency and robustness, a MAC CE for TCI state can be used as the TCI state activation for common beam. 
[bookmark: OLE_LINK54][bookmark: OLE_LINK55]We preform LLS for UE mobility with linear trajectories (HST and highway) to simplify simulation with additional modification to mimic UE movement. The performance of MAC CE-based and DCI-based TCI state indication is provided in Figure 4, where the simulation scenario is shown in Figure 3. The simulation parameters are provided in Table 10. The UE moves from point P1 to point P2 served by RRH1 and moves from point P2 to point P3 served by RRH2. The large-scale fading caused by distance varies as the UE moves, with a reference receiving SNR determined without beamforming gain at the reference position P1. For beam management procedure, the UE keeps reporting beam information every 10ms as it moves along the trajectory. For DCI-based TCI state indication, it is assumed that the beam indicated by DCI takes effect with the latency of 34 slots. For MAC CE-based TCI state indication, it takes some time for UE to transmit HARQ-ACK information corresponding to the PDSCH carrying the MAC CE command, e.g. the latency is set to 60 slots. 


1. [bookmark: _Ref47432594][bookmark: OLE_LINK52][bookmark: OLE_LINK53]The scenario of LLS for UE movement.
	
[image: C:\Users\Administrator\AppData\Roaming\vchat\ChatFiles\2020-08\e5c758da-76e2-4e7a-b2ed-54c1b83ea900.bmp][image: ]
1. [bookmark: _Ref47565229]LLS evaluation on MAC CE-based vs. DCI-based TCI state indication.
From the simulation results it can be seen that the performance of MAC CE-based and DCI-based solutions is almost same in terms of either performance vs. SNR or performance vs. distance. The performance under RRH2 is worse than under RRH1, due to more pathloss caused by distance. 
We also conduct SLS with agreed assumptions of intra-cell mobility scenarios. In the simulation, carrier frequency of 30GHz with 120KHz SCS is assumed, and eight horizontal beams and four vertical beams are formed in each sector’s coverage, i.e., from -60°to 60°. Beam reporting with period of 10ms and beam feedback delay of 0.5ms (4 slots) is assumed. Beam indication delays for DCI-based scheme and MAC CE-based scheme are assumed to be 0.25ms (2 slots) and 3.25ms (26 slots) respectively, both including the ACK feedback delay. CSI feedback with 10ms period and 0.75ms (6 slots) is also assumed. 2-symbol PDCCH overhead is assumed in every slot. While the DCI for beam indication is included in the 2-symbol PDCCH and additional 200-RE is assumed per MAC CE for beam indication and with 8 beam updates during the run for MAC CE-based scheme. More simulation assumptions can be found in Annex. As what we have observed in LLS, we cannot see any obvious performance difference between MAC CE-based and DCI-based solutions in Figure 5 and Table 2.
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1. [bookmark: _Ref54274559]SLS evaluation on MAC CE-based vs. DCI-based TCI state indication.

1. [bookmark: _Ref54274563]SLS performance of DCI-based beam indication and MAC CE-based beam indication (120km/hr)
	Beam indication scheme
	Mean SE
	5% SE

	DCI
	0.00%
	0.00%

	MAC CE
	0.05%
	0.76%



The performance of MAC CE-based and DCI-based solutions for common beam indication is almost the same.
By comparing two TCI state indication schemes, MAC CE-based scheme has little effect on the performance even with more latency, but it can provide the advantage of robustness. If the DCI carrying beam indication for common beam is missing, the misalignment of beam switching at gNB and UE would occur, e.g. the UE still remains on the former beam while the gNB has switched to a new one. 
From overhead perspective, under current agreed evaluation scenarios, there is one UE (MPE type) per train for HST scenarios. Also, for high way scenarios, the number of UEs are also related to the number of cars. For both scenarios where common beam indication is valid, overhead increase due to MAC CE compared to DCI does not seem to be issues to change beam indication mechanism. 
From the perspective of flexibility, with multiple common beams indicated in Rel-17, the flexibility of multiple common beams is not sacrificed with MAC CE based beam indication.
Based on above observations, MAC CE-based TCI state indication should be supported for common beam indication.

Support MAC CE-based scheme for TCI state indication.

TCI state for PUSCH
In RAN1 #102-e meeting, 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. 
In current spec, the spatial relation of PUSCH is determined indirectly based on SRS resource indicated by SRI field, where the SRS resources are used to UL channel measurement at gNB. In case of beam update of PUSCH, the spatial relation of SRS resource needs to be re-configured by RRC or updated by MAC CE firstly, which increases the latency of beam update.
For the unified TCI framework, the TCI state from the TCI state pool is introduced to indicate PUSCH beam instead of SRS. If the MAC CE is used to indicate UL common beam(s) that can be applied to both SRS resource and PUSCH, it is not necessary to update the SRS beam by other signaling. 
SRI is also associated with TPMI and power control parameters. The major purpose of unified TCI is used to update beams. For the functionality for port determination and power control indication, legacy solution based on SRI is flexible enough and thus should not be touched. 
In Rel-16 default beam mode, pathloss RS is also associated with updated beams. Such functionality could also be used for common beam update, i.e., pathloss RS also can be associated with the UL TCI state. For example, the DL RS in the UL TCI state or the DL RS associated with the source RS in the UL TCI state is used as pathloss RS for PUSCH. 
 
Support to indicate beam and pathloss RS for PUSCH with unified TCI framework.
SRI field in DCI is kept for port determination and other PC-related parameters for minimum impact on SRI functionality.

Flexible unified TCI framework
Based on previous discussion, to support M>1 or N>1, a flexible unified TCI framework could be supported. Multiple channel/RS types can be flexibly grouped to apply a same TCI state. The group index can be added in multiple channel/RS configuration, or the group configuration including multiple channel/RS is provided by gNB. The number of TCI states is equal to the number of the groups. The different groups can include the channel/RS with different performance objectives or different functionality for DL and UL. For example, the control channel and data channel are configured in different groups, or the DL channel/RS and UL channel/RS are configured in different groups. MAC CE based solution is used for common beam indication, where the group index information is carried.

Multiple channel/RS types can be flexibly grouped to apply a same common beam.

TCI state for each group is indicated by a MAC CE.
For CSI-RS and SRS for beam management, the common beam cannot be applied since they are used for beam tracking and refinement. But for CSI-RS for CSI acquisition and CSI-RS for tracking, the QCL assumption can be based on indicated common beam and flexibly grouped in previously discussed groups.

The common beam is applied to CSI-RS for CSI acquisition and CSI-RS for tracking.
The common beam is not used for beam management RS.
In Rel-15/Rel-16, most of the default TCI state/spatial relation/pathloss RS are determined according to the QCL assumption of a CORESET, e.g. the default TCI state of PDSCH when the scheduling offset is less than the threshold timeDurationForQCL, the default TCI state of PDSCH scheduled by a DCI format not having the TCI field present. In Rel-17 the current scheme of default beam can be reused, where the PDSCH default beam depends on what beam is used for the CORESET, where PDSCH and the corresponding CORESET belong to same group. If a common beam is applied to this group, the default beam of PDSCH is also following the indicated common beam. This principle also applies to the default beam of the other channel/RS, e.g. aperiodic CSI-RS, PUCCH, PUSCH, SRS.

The default beam of PDSCH before activation of new beam follows one of the common beams previously indicated. 

Common TCI pool
In Rel-15/Rel-16 separate signaling frameworks for DL TCI state and UL spatial relation are specified. For DL channels/RSs, TCI state list for CORESET is configured in PDCCH-config, but the TCI state list for PDSCH is configured in PDSCH-config. Similarly, the spatial relation list for PUCCH is configured in PUCCH-config. Based on the TCI state list/spatial relation list, MAC CE and/or DCI are used to indicate DL/UL beam. Besides, the TCI state/spatial relation of DL/UL RS is configured by RRC or activated by MAC CE, the spatial relation of PUSCH is determined according to SRI field in DCI. It can be seen from the above that the current solution of TCI state/spatial relation framework of each channel/RS leads to a large amount of signaling overhead. 
As a solution of unified TCI framework, from the point of view of saving RRC signaling overhead, a common TCI pool can be configured by RRC and is shared by DL and UL channels/RSs.  For example, the TCI state list is configured for a BWP/cell as the common TCI pool, or in PDCCH-config as the common TCI pool. Then MAC CE indicates a TCI state from the common TCI pool for each group of channel/RS.

For the common beam indication and unified TCI framework, a common TCI pool is configured by RRC.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In current spec, the QCL source in TCI state of DL channels is SSB or CSI-RS, the source RS in spatial relation of UL channel is SSB, CSI-RS or SRS. Basically, the DL beam management is a baseline to get the source of beam indication. For the UE supporting beam correspondence, the DL RS based on the beam report is used as the source of spatial relation. Existing beam indication scheme does not support SRS as a QCL source for DL channel, meaning that when the gNB triggers an SRS resource set to complete the UL beam training, the UL measurement results cannot be directly used for TCI state indication. That is, the UL beam management cannot be fully utilized and thus leads to additional measurement complexity and power consumption at UE.

Due to the size constraints of UE antenna array, the number of beams supported by UE is much less than that of network side. For L1-RSRP computation, the UE may be configured with a CSI-RS resource setting up to 16 CSI-RS resource sets having up to 64 resources within each set. But for each SRS resource set configured by SRS-ResourceSet, a UE may be configured with SRS resources (higher layer parameter SRS-Resource), where the maximum value of K is indicated by UE capability (In TS 38.331 maximum number of SRS resources in an SRS resource set is 16). 
[bookmark: OLE_LINK21]Compared with UL beam training, DL beam training requires UE to measure quality of more beam links. For example, in case of multi-TRP, when the UE moves or rotates, multiple TRPs would trigger more CSI-RS resource sets or a CSI-RS resource set containing more CSI-RS resources for UE to measure. But if the gNB triggers an SRS resource set with usage=beamManagement for UL beam training, it is enough to configure the SRS resource set that includes a small number of SRS resources which the UE just needs to transmit once with UL beams. And multiple TRPs at the network side can measure the uplink beam link quality of these SRS resources simultaneously. It can reduce the latency of beam training and does not need additional downlink beam management.
As another important solution of unified TCI framework, the reference RSs in TCI state are unified into SSB, CSI-RS and SRS, that is, SRS can be introduced as a DL QCL-TypeD source. This solution can fully utilize the UL beam measurement results to reduce the cost of beam management, latency of obtaining the optimal beam link, and power consumption of the UE.

[bookmark: OLE_LINK51][bookmark: OLE_LINK56]For beam tracking, UL beam management is beneficial to UE power saving and latency reduction.

The reference RS in TCI state can be SSB, CSI-RS and SRS with no limit to BM RS.

Common beam for CC list
To reduce signaling overhead, Rel-16 introduced the beam update across CCs by a MAC CE including simultaneous TCI state update for CORESETs for a set of CCs/BWPs, simultaneous activation of a set of TCI state IDs for PDSCH for a set of CCs/BWPs, simultaneous spatial relation update for SP-/AP-SRS resources for a set of CCs/BWPs, where the applicable list of CCs is indicated by RRC. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In Rel-16 the PUCCH spatial relation activation was enhanced as well. If the indicated PUCCH resource by MAC CE is configured as part of a PUCCH group, no other PUCCH resources within the same PUCCH group are indicated in the MAC CE, and the MAC CE applies to all the PUCCH resources in the PUCCH group.
The enhanced PUCCH spatial relation activation is used in a BWP. Furthermore, we can extend this scheme to the case of multiple CCs/BWPs. When a spatial relation is activated/updated for a PUCCH resource/PUCCH resource group by a MAC CE for a set of CCs/BWPs, the spatial relation can be applied to the PUCCH resource/PUCCH resource group with the same resource ID/group ID for all the BWPs in the indicated CCs.
Similar to SRS resource, for SP-/AP-CSI-RS resource the MAC CE-based TCI state update can be considered. And then the simultaneous TCI state update for SP-/AP-CSI-RS resource can be applied for a set of CCs/BWPs, i.e. the updated TCI state is applied for the SP-/AP-CSI-RS resources with the same CSI-RS resource ID for all the BWPs in the indicated CCs, except for the CSI-RS resource for beam management.
In Rel-16, for PUSCH a mapping between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id can be updated by a MAC CE; for SRS a MAC CE can provide by SRS-PathlossReferenceRS-Id a corresponding RS resource index  for aperiodic or semi-persistent SRS resource set . If the CC list is configured, the updated TCI state/spatial relation is shared across CCs. To perform accurate power control, the pathloss RS and source RS in TCI state/spatial relation need to be aligned. So the updated pathloss RS can be applied for all the BWPs in the indicated CCs, e.g. the updated pathloss RS is applied to the SRS resource set with the same set ID for all the BWPs in the indicated CCs.

Support common beam indication for all the BWPs in the CC list configured by gNB.
Support simultaneous beam update by a MAC CE for PUCCH resource/PUCCH resource group for all the BWPs in the indicated CCs.
Support MAC CE-based TCI state update for SP-/AP-CSI-RS. 
Support pathloss RS update for PUCCH/PUSCH/SRS by a MAC CE for all the BWPs in the indicated CCs.

Inter-cell mobility
	Agreement
1. [Issue 2] For Rel.17 NR FeMIMO, on L1/L2-centric inter-cell mobility: 
2. 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
2. 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. [bookmark: _Hlk49275654]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



[bookmark: OLE_LINK23][bookmark: OLE_LINK24]The following highspeed train and high way scenarios are explicitly endorsed for mobility enhancement in Rel-17. Although the simulation assumption was agreed considering intra-cell mobility, the inter-cell mobility design targets are also expected to be similar. 


1. High way scenario with dense urban cell deployment, endorsed by FeMIMO EVM discussion. 



1. HST endorsed by offline FeMIMO EVM discussion
In Rel-15 and Rel-16, L3-based handover and DAPS based handover have been specified. Rel-15 L3-based handover is divided into four steps. In the first step, the source gNB initiates handover and issues a Handover Request over the Xn interface. In the second step, the target gNB performs admission control and provides the RRC configuration as part of the Handover Acknowledgement. In the third step, the source gNB provides the RRC reconfiguration to the UE in the Handover Command. In the fourth step, the UE moves the RRC connection to the target gNB and replies the Handover Complete. Since RRC reconfiguration and L3 inter-cell beam management are needed in this procedure, the delay would be considerable. On the other hand, Rel-15 L3-based handover requires lowest UE capability, compared to L1 inter-cell mobility and DAPS-based Rel-16 mobility enhancement. 
In Rel-16 DAPS, the UE can be provided with a source MCG and a target MCG. After RRC reconfiguration, the target MCG has been configured and the UE can communicate with both the source MCG and the target MCG. After the handover, the source MCG may be released. The latency has been largely reduced in DAPS. However, since two activate protocol stacks need to be supported by UE, DAPS needs high UE capability.
Both L3-based handover and DAPS based handover employs current L3 inter-cell measurement. For above expected deployment scenarios, several shortcomings could be found. The main points are listed below.
 
· Rel-15/16 handover and DAPS rely on L3 measurement and report to trigger related configuration and procedure. 
Current higher layer inter-cell beam management has been designed to evaluate the cell quality, by measuring the multiple beams of a cell and averaging the measured results. The measurement model of higher layer inter-cell beam management could be found in Figure 8. The beam qualities have been filtered twice in this procedure. In physical layer, the L1 filtering is adopted, based on which the L3 filtering is executed. If configured, several best beams may be contained in the measurement reports, along with cell quality. The method of deriving the cell quality from beam qualities is the same for serving cells and neighbouring cells.


1. [bookmark: _Ref47736388]Measure model of high layer inter-cell beam management
First, the delay of L3 beam management is much larger than L1 beam management. The table of measurement period for intra-frequency measurements without gaps on FR2 could be found in Table 3. To derive the minimum measurement period, it is assumed that Kp = 1, Klayer1_measurement = 1, CSSFintra = 1, when there is no overlapping between SMTC, measurement gaps, and other measurement for RLM, BFD, CBD or L1-RSRP. For a UE supporting power class 1, Mmeas_period_w/o_gaps =40. For a UE supporting FR2 power class 2, Mmeas_period_w/o_gaps =24. For a UE supporting power class 3, Mmeas_period_w/o_gaps =24. For a UE supporting power class 4, Mmeas_period_w/o_gaps =24. Then for the no DRX case, the measurement period would be 24 SMTC periods or 40 SMTC periods. For DRX cycle≤ 320ms, the measurement period would be 36 SMTC periods or 60 SMTC periods, based on the assumption that SMTC period is shorter than DRX cycle. For DRX cycle> 320ms, it is clear that the measurement period would be longer. For example, for one typical condition with SMTC period = 40ms, UE supporting power class 3, and DRX cycle≤ 320ms, the measurement period would be 1.44s. Then for UE speed 256km/h in the HST scenario, UE would move 102.4m during this time, which is more than half of the distance between two base stations.
1. [bookmark: _Ref47736844]Measurement period for intra-frequency measurements without gaps (Frequency FR2) 
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(400ms, ceil(Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(400ms, ceil(1.5x Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	DRX cycle>320ms
	ceil(Mmeas_period_w/o_gaps xKp x Klayer1_measurement ) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Other than measurement period, the high layer inter-cell beam report would be mostly event triggered. Even if a report period is configured, the report period is usually much longer than the measurement period. Then with the impact of this huge delay, the beams for neighboring cell could not be updated in time and the performance would be largely degraded in mobility scenarios.
 
· The delay to obtain valid L3 beam measurement could be as large as several seconds with current FR2 requirement. 
Moreover, L3 inter-cell beam measurement is restricted to SMTC. SMTC is a window of up to 5ms where the measurements of SSBs are to be performed. For intra-frequency connected mode measurements, up to two measurement window periodicities may be configured. A single measurement window offset and measurement duration are configured per intra-frequency measurement object. By defining SMTC, the inter-cell beam measurement is put together in a short time. 
One way to speed up L3 measurement is to configure short period for SMTC. However, this would largely impact the transmitting of its serving cell. On FR2, the UE mainly measures the SSBs of neighbouring cells and may not be able to receive or transmit other type of channels or signals in SMTC, according to current scheduling availability of UE performing measurements. For example, during SS-RSRP or SS-SINR measurement on an FR2 intra-frequency cell, the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration. If the network configures SMTC with short period, the available time resources for the transmissions of serving cells are largely reduced. Also, with the interruptions of SMTC, the performance of latency sensitive services would be degraded.
 
· L3 inter-cell measurement is restricted by SMTC and configuring short period for SMTC would cause increased interruption to data transmission and larger power consumption.
Large number of cells and SSBs need to be measured in current L3 inter-cell beam management. The purpose of L3 inter-cell beam management is to obtain the rough cell status of neighboring cells. The detailed requirement could be found in Table 4. For mobility purpose, the gNB would be interested in the performance of a few number of SSBs of each neighboring cell, as long as the beam qualities of which are good enough for handover or inter-cell multi-TRP. Based on the rough results from L3 inter-cell beam measurement, UE could select one or two best neighboring cells and expect the timely beam qualities of one or two beams for the selected cells. Then together with the L1 based inter-cell beam management, which may just focus on a few beams, the flexibility of beam measurement would be improved obviously, and the burden of UE would be largely reduced.
1. [bookmark: _Ref47737126]The requirements of high layer inter-cell beam management
	
	Intra-frequency
	Inter-frequency

	
	FR1
	FR2
	FR1
	FR2

	Requirements
	8 identified cells, 
14 SSBs with different SSB index and/or PCI
	6 identified cells, 
24 SSBs with different SSB index and/or PCI
	4 identified cells, 
7 SSBs with different SSB index and/or PCI
	4 identified cells, 
10 SSBs with different SSB index and/or PCI



Based on above discussion, two points are essential to further improve current L3 inter-cell mobility. One is L1 inter-cell beam measurement and the other is L1 inter-cell beam report. With L1 inter-cell beam measurement, the UE could measure the RSs of neighboring cells in much more flexible method and with much less restrictions. With L1 inter-cell beam report, the gNB could obtain the L1 beam quality of the RSs of neighboring cells in a timely manner.
 
· Support L1 inter-cell beam report based on L1 inter-cell beam measurement.
There is also discussion on applicability of L1/L2 centric mobility on various non-CA/CA setups. For intra-band CA and inter-band CA, the handover procedure is mainly related to PCell. During handover, SCells are released first and the target cell decides whether SCells will be configured or not after handover. Sometimes, the information of SCells in target cell is configured along with RRC reconfiguration, but this is just to reduce the signalling overhead and the configuration of SCells in target cell is irrelevant to handover procedure. Moreover, the L3 measurement mainly focuses on PCell and the handover conditions are also decided based on PCell. Thus, L1/L2 inter-cell mobility may also need to be designed to facilitate various CA setups.

· L1/L2 inter-cell mobility is designed for various non-CA and CA setups.

Inter-cell beam measurement
The simplest L1 inter-cell beam measurement is to reuse the results of current L3 inter-cell beam management. That is, the network connects L3 inter-cell beam management with L1 beam report, by configuring serval cell IDs or RSs of neighboring cells in L1 beam management or other methods, and then the L1 filtered beam qualities in L3 procedure could be reported to the network using current L1 beam report. No new measurement behaviour is defined in this case, and the only difference is that the network could obtain the L1 beam qualities of neighboring cells now.
The above method focus on the latency reduction of L3 inter-cell beam management, and has very small impact on current spec and is convenient for UE to implement. Thus, this method can be supported.
 
· Support the reporting of the L1 measured inter-cell beam qualities based on legacy L3 inter-cell beam measurement behavior. 
As mentioned above, SMTC is defined for UE to measure the RSs of neighboring cells for L3 inter-cell beam management. The benefit and shortcomings of SMTC have been discussed above. Another possible way is to allow L1 inter-cell beam measurement outside SMTC window. This would provide flexibility and efficiency for inter-cell beam measurement but may increase the UE complexity and power consumption. Mechanisms should be designed to lower UE measurement complexity and power consumption.
 
· Support L1 inter-cell beam measurement outside SMTC with low increase of complexity and power consumption. 
For inter-cell measurement, scheduling availabilities of UE performing inter-cell beam measurements have been defined in RAN4 for different scenarios. On FR2, the UE is not expected to received or transmit the signals of its serving cell on the SSB symbols to be measured, as well as 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration. This is because the analog beam of UE is unclear now and the UE is not ready for the transmission for its serving cell. The extra 2 data symbols are left for beam switch and overcoming the timing difference between two cells. These problems still exist in L1 inter-cell beam measurement and the study of scheduling restrictions is needed here.
 
· Clarify the scheduling restrictions for L1 inter-cell beam measurement. 

Inter-cell beam report
[bookmark: OLE_LINK65][bookmark: OLE_LINK69]For the case of inter-cell beam measurement mentioned above, the SSB/CSI-RS from neighboring cells can be measured in layer1 regardless of the restriction of SMTC to accelerate the beam management procedure. The UE needs to inform the gNB the measurement results including the RS resources from neighboring cells through the beam report. Then the inter-cell mobility can involve applying the RS resource from the neighboring cell as the QCL source for the inter-cell beam management. 
[bookmark: OLE_LINK28][bookmark: OLE_LINK35]In Rel-15/Rel-16, the L1-RSRP/L1-SINR report is used to inform the gNB the best beams indicated by SSBRI/CRI. In CSI report setting for L1-RSRP/L1-SINR report, the associated RS resource setting for beam management is provided. For inter-cell beam report, the PCI can be introduced to indicate the relationship between the RS resource and the source cell or target cell. Since the UE can measure SSB or CSI-RS for mobility during the inter-cell beam management, the type of CSI-RS resource (whether for mobility) can also be known in the configuration of CSI-RS resource setting associated the CSI report setting. 
Whether PCI is carried in the inter-cell beam report depends on the number of cells corresponding to RS resources. For example, if one PCI is provided by gNB in CSI report setting, the UE only needs to measure the SSBs corresponding to the PCI and report the selected SSBRI(s) without PCI in beam report. Besides, the UE also can measure the SSBs corresponding to the PCI(s) obtained by blind detection within SMTC. 
The PCI in resource setting can be (re-)configured to indicate/update the relationship between the RS resource and the source cell or target cell. There may be a lot of RS resources in case of measurement for neighboring cells. If every possible configurations of report setting are provided to meet the measurement requirement for multiple neighboring cells, the RRC signaling overhead and the resource cost will be heavy. Therefore, in order to speed up the inter-cell management and reduce the overhead, PCI information in CSI report setting/resource setting can be updated dynamically.

CSI reporting/resource setting configuration could be updated to include PCI information for inter-cell beam management.
For case of inter-cell mobility, when the UE performs RRM measurements on neighboring cells, the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration. The principle of scheduling restriction can be extended to L1 measurement on SSB or CSI-RS for mobility. In order to determine the resources used for scheduling restriction, timing of different cells in L1 report can be considered together with the L1 measurement results.  But differentiating from the scheduling restriction of SSB measurement in SMTC window in current spec, if SSB/CSI-RS from neighboring cells are measured by layer1 outside the SMTC window for the inter-cell measurement, the scheduling restriction scheme needs to be extended to the resources for L1 measurement based on timing in L1 report to avoid affecting neighboring cell measurement. In L1 report, timing offset between source cell and target cell can be carried through positive or negative quantization value. Based on the L1 report, the gNB can determine whether the scheduling restriction applies to the symbol(s) before or after the RS symbols of the neighboring cell. In addition, for inter-cell multi-TRP case, the solution of L1 report carrying timing offset of different cells can assist the gNB to select the appropriate TRPs for simultaneous transmission. 

Support to report timing offset between different cells in L1/L2 report 

Enhanced beam indication and power control
For inter-cell mobility, inter-cell multi-TRP is an important approach that could be used to improve the user experience for continuous downlink and uplink transmission. Before the gNB configures UE to handover to the target cell, UE could be connected to the target cell not only for measurement but also for data transmission. Such early transmission from the target cell would enable seamless handover from the source cell to target cell without any interruption.
For non-ideal backhaul multi-TRP scenarios, the uplink transmission should also be able to be targeted towards TRP from neighboring cell. If the uplink control signaling and data would always be transmitted to the TRP in the source cell and then forwarded to the target cell in a non-ideal backhaul scenario, it would not be possible to achieve seamless mobility experience. Thus, for inter-cell multi-TRP operation enhancement in Rel-17, spatial relation indication for uplink transmission should also be considered.  

For inter-cell mobility in Rel-17 both QCL enhancement for DL and spatial relation enhancement for UL should be considered.
Based on the inter-cell beam report, the SSBRIs/CRIs corresponding to different PCIs through L1 measurement are known by gNB. Then the gNB can apply the RS resource from the neighboring cell as the QCL source or the source of spatial relation or pathloss RS. It can be noticed that SRS for positioning already supports spatial relation configured/activated targeting another PCI. Similar configuration could also be enhanced for other channels/RSs.

TCI state/spatial relation/power control enhancement with additional information of the target cells (at least including PCI information) should be considered for inter-cell mobility.

Beam selection for multi-panel UE
	[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27]Agreement
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



[bookmark: OLE_LINK78][bookmark: OLE_LINK79]In 3GPP Rel-16 the enhancements for enabling panel-specific UL beam selection were investigated, in RAN1 meetings three MPUE categories are proposed as follows. 
MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time, with panel switching/activation delay of [X] ms
MPUE-Assumption2: Multiple panels are implemented on a UE and multiple panels can be activated at a time and one or more panels can be used for transmission
MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK33][bookmark: OLE_LINK34]But RAN1 cannot agree on the support of at least one of MPUE-Assumption1, MPUE-Assumption2, MPUE-Assumption3, enhancements on panel-specific beam selection for uplink will not be supported in Rel-16. In the discussion of the NR FeMIMO scope of Rel-17, due to the concern on RAN4 impact, hardware implementation limitation and possible cross over with other objectives, the WID discussion narrowed down the scope of the assumptions of UE transmission across multiple panels. STxMP (simultaneous transmission across multiple panels), including simultaneous transmission of different UL channels/RSs across multiple panels was not included in the scope. 
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]For MPUE-Assumption3, the power consumption also needs to be considered whether the multiple panels are always activated simultaneously. To save power consumption, UE panel activation/deactivation scheme can be introduced. For example, if the channel conditions are relatively stable, e.g. no deep fading and blockage, or if the UE status does not change, e.g. no movement and rotation, within a time duration only one panel at UE can be used for transmission/reception. And the other panel at UE can be deactivated to save power consumption. If the UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, two panels at UE can be activated to communicate with the two TRPs.
Multi-panel UE may also facilitate multi-TRP operation with per panel beam management procedure. In multi-TRP case, based on each radio link quality, e.g. RSRP of different TRP, the gNB can schedule DL channel transmission from the selected TRP, and the UE switches to the corresponding panel to receive the DL channel or simultaneously receive from multi-TRP. 
In Rel-17 NR FeMIMO scope, for increasing UL coverage including, e.g. mitigating the UL coverage loss due to meeting the MPE (maximum permissible exposure) regulation, the MPE issue may occur on all transmit beams from one panel, therefore, a solution for MPE mitigation may only be performed per panel basis to meet the regulatory requirement for scenarios of interest. So panel switching caused by MPE mitigation should also be considered.

MPUE enhancement in Rel-17 should at least consider the following aspects:
UE power saving
multi-TRP operation
MPE mitigation.
[bookmark: OLE_LINK20][bookmark: OLE_LINK22]The alignment of panel switching/activation status between gNB and UE is an important issue for MPUE, which affects performance, power consumption and signaling design.  For MPUE-Assumption1, when performance is degraded due to UE movement, rotation or blockage, the UE needs to switch to a new panel with the panel switching/activation delay [X] ms. Before data transmission/reception on the new activated panel, beam management and CSI acquisition are needed firstly for the new activated panel. Compared with MPUE-Assumption3, the latency and performance loss of MPUE-Assumption1 increase, because for MPUE-Assumption3 multiple panels can be activated at a time for DL reception. But it is still possible that even for MPUE-Assumption3 UE may only activate one panel for reception to reduce power consumption. For each MPUE category, the signaling of panel switching/activation and related procedure should be fully discussed to align the panel status in Rel-17.

Consider signaling design and related procedure for UE operation with only one activated panel for both MPUE-Assumption1 and MPUE-Assumption3 in Rel-17. 
The purpose of panel switching/activation is to select a panel to get better link performance. Whether the current panel works depends on the measurement at gNB or UE. For downlink, multiple types of DL RS can be used to measure radio link quality, e.g. RS for beam management, beam failure detection RS, pathloss RS, etc. In general, for beam management procedure how the RS resource are associated to each panel is up to UE implementation. To facilitate power saving or multi-TRP operation, the UE panel information can be indicated in beam report to inform gNB of the UE panel corresponding to each SSBRI/CRI. When the gNB schedules transmission and reception of different channel/RS, the TCI state/spatial relation in beam indication can be used to indicate which UE panel is for channel/RS transmission and reception, which achieves the purpose of the alignment of panel status between gNB and UE. 

Enhance beam report with UE panel information included, e.g. with panel ID for each CRI/SSBRI.

MPE issue for multi-panel UE
	[bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK8][bookmark: OLE_LINK19]Agreement
1.  [Issue 5] For Rel.17 NR FeMIMO, on MPE mitigation (that is, minimizing the UL coverage loss due to the UE having to meet the MPE regulation), in RAN1#103-e: 
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



[bookmark: OLE_LINK29][bookmark: OLE_LINK32]In Rel-16, RAN4 provides some solution for MPE issue by introducing P-MPR report. P-MPR is the maximum output power reduction. The UE shall apply P-MPR to ensure compliance with applicable electromagnetic power density exposure requirements and addressing unwanted emissions/self-defense requirements. Based on P-MPR report the gNB can obtain the real-time status of the UE accurately, and adjust the scheduling scheme and panel/beam selection accordingly. RAN4 has agreed further details on the Rel-16 FR2 MPE enhancement signaling, which is used to mitigate RLF due to sudden and unpredictable large back off caused UE’s actions to ensure compliance with MPE regulation. In RAN4 discussion, the reported absolute P-MPR values are defined using 2 bits, and the P-MPR event-triggered threshold and a prohibit timer are introduced for the P-MPR reporting. MPE P-MPR reporting is limited to FR2 and is an optional UE capability. This UE capability is applicable to all FR2 UE power classes.
In Rel-17 NR FeMIMO scope, the MPE issue mainly refers to mitigating the UL coverage loss due to meeting the MPE regulation by panel-specific UL beam selection. For MPUE, the propagation links between each UE panel and TRP are different, leading to different channel paths and different beamforming gain. Similarly, MPE event for each panel happens independently, while only the panel close to the human body needs power fallback.  
In order to reflect the performance difference of each panel/beam accurately, the panel/beam specific P-MPR report can be introduced in Rel-17. When the UE detects by sensors that the current UL beam is close to the human body, the corresponding mechanism is triggered to meet the emission safety. For example, the UE can reduce the transmission power of the current panel, or deactivate the panel with current UL beam, activate another panel. It is noted that in Rel-17 NR FeMIMO WID the MPE issue may occur on all transmit beams from the panel, therefore, a solution for MPE mitigation may only be performed per panel basis to meet the regulatory requirement for scenarios of interest. Complicated environment sensing and MPE event detection with sufficient accuracy at beam level would not be implemented by UE. Furthermore, in the EVM discussion for Rel-17 NR FeMIMO, the panel blockage modeling for MPE only defines panel specific blockage. When MPE occurs, the maximum TX power for the covered panel is reduced by 10dB P-MPR. Rel-17 MPE related enhancement should focus on the support of panel specific P-MPR report.

Support MPE enhancement based on Rel-16 MPE framework in RAN4.

Support MPE mitigation including P-MPR in PHR per panel basis in Rel-17.
[bookmark: OLE_LINK39][bookmark: OLE_LINK42]When the gNB schedules the UE for UL beam selection based on P-MPR report, different UE capabilities and operation modes need to be considered e.g. for the UE supporting single activated panel or multiple activated panels, for the UE supporting single beam or multiple beams. 
For the UE supporting multiple activated panels, when MPE event is declared by UE, if the UL beam needs to be switched to another panel, the optimal DL beam link can remain unchanged for the original panel. Then multiple panels of UE need to be activated simultaneously and used for downlink reception and uplink transmission respectively, which increases the UE power consumption.  
We provide the uplink and downlink transmission performance in the case that the UE declares MPE event, which includes SE comparison for full buffer and UPT comparison for FTP model 1 with RU for baseline Case1 downlink transmission set to 24% for Dense Urban. Both full buffer and FTP1 traffic model, considerable SE/UPT gain can be observed at 5% and 50% SE/UPT, and mean SE/UPT as well. For FTP1, the same packet arrival rate (λ) for Case1 DL is set for Case1 UL and other cases DL&UL. The simulation results are shown in the tables below. Detailed simulation assumptions and probability statistical results for declaring MPE event can be found in Annex. In simulation, two metrics are modeled for panel/beam switching:
Metric 1: a specific RSRP that considers the impact of blockage. 
Metric 2: a specific RSRP that considers the impact of blockage and MPE power back-off.
First, the uplink transmission is evaluated where the cases of beam selection are as follows:
Case1 (baseline): when MPE event is declared by UE, the UE continues to use the blocked panel for uplink transmission.
Case2: when MPE event is declared by UE, the UE may switch to another panel for uplink transmission in case of single TRP.
UL performance with full buffer and FTP1 traffic model using metric 1
	
	Dense Urban
	Indoor Hotspot

	
	Mean SE/UPT
	5%SE/UPT
	50%SE/UPT
	Mean SE/UPT
	5%SE/UPT
	50%SE/UPT

	Case1
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	Case2(UL, full buffer)
	20.10%
	97.95%
	67.93%
	4.18%
	51.00%
	2.33%

	Case2(UL, FTP1)
	11.73%
	332.69%
	90.60%
	8.56%
	78.26%
	3.74%



UL performance with full buffer and FTP1 traffic model using metric 2
	
	Dense Urban
	Indoor Hotspot

	
	Mean SE/UPT
	5%SE/UPT
	50%SE/UPT
	Mean SE/UPT
	5%SE/UPT
	50%SE/UPT

	Case1
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	Case2(UL, full buffer)
	23.04% 
	193.84%
	98.73%
	5.81% 
	56.08%
	2.59%

	Case2(UL, FTP1)
	15.12% 
	345.19%
	95.90%
	12.76% 
	211.82%
	4.95%



As the average SINR for Dense Urban is low, transmission performance loss is nearly 20dB in case of MPE event. This 20dB loss results in poor performance for the throughput for edge users increase several times after panel switching. From the simulation results, when MPE event is declared by UE, if the panel can be switched for uplink beam selection, a significant performance gain is produced compared to the UE continuing to use the blocked panel. Furthermore, the panel switching with metric 2 can achieve better performance, which makes it more feasible to report the P-MPR caused by MPE event.

Panel switching based on MPE event performs better than panel switching based on purely DL beam report. 
Second, the downlink transmission is evaluated where the cases of beam selection are as follows:
Case1(baseline): when MPE event is declared by UE, the UE continues to use the blocked panel for downlink transmission and may switch to another panel for uplink transmission in case of single TRP.
Case2: when MPE event is declared by UE, the UE may switch to another panel for both downlink and uplink transmission in case of single TRP.
Note：Since the two cases have the same uplink switching panel, the performance is consistent, so we only give the downlink performance comparison
DL performance with full buffer and FTP1 traffic model using metric 2
	
	Dense Urban
	Indoor Hotspot

	
	Mean SE/UPT
	5%SE/UPT
	50%SE/UPT
	Mean SE/UPT
	5%SE/UPT
	50%SE/UPT

	Case1
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	Case2(DL, full buffer)
	-1.35% 
	-0.48%
	0.00%
	-3.77% 
	-16.0 %
	0.32%

	Case2(DL, FTP1)
	-0.32% 
	-7.52%
	0.00%
	-0.91% 
	-9.26%
	-0.19%



[bookmark: OLE_LINK36][bookmark: OLE_LINK43]From the simulation results it can be seen if the same panel is switched for both DL beam selection and UL beam selection, the downlink transmission performance has less loss. From the perspective of power saving, it is a good choice to select the DL beam and UL beam on the same panel, which is also a necessary restriction for the UE supporting single activated panel. After the UE declares MPE event and transmits panel specific P-MPR report, based on the tradeoff between the performance of DL beam link and the performance of UL beam link, the gNB selects an optimal UE panel and schedules data transmission. It is noted that the latency of panel switching should be considered for UE supporting single activated panel, which can be satisfied by the scheduling offset between DCI and the scheduled channel.

For panel switching triggered by MPE, when the panel is switched for both downlink reception and uplink transmission, the downlink performance loss is marginal.
The above simulation scenario is single TRP, and we also provide the corresponding simulation results for the multi-TRP scenario. For the multi-TRP scenario, the cases of beam selection are as follows:
Case1(baseline): when MPE event is declared by UE, the UE continues to use the blocked panel for downlink or uplink transmission.
Case2: when MPE event is declared by UE, the UE may switch to another panel for downlink and uplink transmission in case of single TRP.
Case3: when MPE event is declared by UE, the UE may switch to another panel for downlink and uplink transmission in case of multi-TRP.
DL and UL performance with full buffer and FTP1 traffic model
	
	Dense Urban
	Indoor Hotspot

	
	Mean SE/UPT
	5%SE/UPT
	50%SE/UPT
	Mean SE/UPT
	5%SE/UPT
	50%SE/UPT

	Case1
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	Case2(DL, full buffer)
	-1.35% 
	-0.48%
	0.00%
	-3.77% 
	-16.0 %
	-3.77% 

	Case3(DL, full buffer)
	-0.77% 
	0.26%
	0.00%
	-2.71% 
	-6.48%
	-1.52%

	Case2(UL, full buffer)
	23.04% 
	193.84%
	98.73%
	5.81% 
	56.08%
	2.59%

	Case3(UL, full buffer)
	26.89% 
	267.81%
	106.52%
	9.12% 
	72.48%
	2.61%

	Case2(DL, FTP1)
	-0.32% 
	-7.52%
	0.00%
	-0.91% 
	-9.26%
	-0.19%

	Case3(DL, FTP1)
	-0.14% 
	-3.67%
	0.00%
	-0.50% 
	-4.05%
	0.0%

	Case2(UL, FTP1)
	15.12% 
	345.19%
	95.90%
	12.76% 
	211.82%
	4.95%

	Case3(UL, FTP1)
	18.60%
	517.79%
	98.16%
	16.94% 
	340.19%
	6.68%



We can see when the panel switching is accompanied by TRP switching in multi-TRP scenario to obtain selection diversity gain, the loss of downlink transmission can be further reduced and the gain of uplink transmission can be further increased.

For multi-TRP scenario, when the panel is switched for both downlink reception and uplink transmission, the performance loss of downlink transmission becomes even smaller compared with single-TRP case.
Based on above observations, switch of activated panels for both downlink reception and uplink transmission is a reasonable implementation for Rel-17 MPE and MPUE enhancement.

[bookmark: _Hlk47564450]For panel switching triggered by MPE event, support single activated panel operation for both DL reception and UL transmission.
For the UE supporting single activated panel, the gNB needs to align the selected panel based on the beam report and P-MPR report, where the panel information is corresponding to the DL beams and UL beams. For UL beam selection on panel basis, the gNB determines the UL quality for the different panels based on the panel specific P-MPR report including P-MPR values and panel IDs. But for DL and UL beam selection, the gNB cannot ensure that the panel with the selected DL beam is the same as that of the selected UL beam without further specification enhancement. For example, the gNB may select a CSI-RS resource measured by first panel at UE as the source RS in TCI state for downlink channel beam indication, but select another CSI-RS resource measured by second panel at UE as the source RS in spatial relation for uplink channel beam indication. So in order to ensure accurate scheduling and panel switching for this UE capability, mechanisms for alignment of DL reception panel and UL transmission panel should be designed to facilitate single activated panel operation.

Mechanisms for alignment of DL reception panel and UL transmission panel due to panel switch triggered by MPE should be designed to facilitate single activated panel operation. 

Conclusions
In this contribution, we analyze potential enhancements of multi-beam operation in Rel-17. To summarize, we have following observations and proposals.
1. 
Independent beam indications for DL and UL channels/RSs require a heavy signaling overhead.
Default beams for PDSCH, PUCCH, PUSCH, CSI-RS and SRS are specified in Rel-15 and Rel-16.

Narrow beam provides better data transmission efficiency while wide beam provides more robustness. 

The performance of MAC CE-based and DCI-based solutions for common beam indication is almost the same.

For beam tracking, UL beam management is beneficial to UE power saving and latency reduction.
 
· Rel-15/16 handover and DAPS rely on L3 measurement and report to trigger related configuration and procedure. 
 
· The delay to obtain valid L3 beam measurement could be as large as several seconds with current FR2 requirement. 

· L3 inter-cell measurement is restricted by SMTC and configuring short period for SMTC would cause increased interruption to data transmission and larger power consumption.

Panel switching based on MPE event performs better than panel switching based on purely DL beam report. 

For panel switching triggered by MPE, when the panel is switched for both downlink reception and uplink transmission, the downlink performance loss is marginal.

For multi-TRP scenario, when the panel is switched for both downlink reception and uplink transmission, the performance loss of downlink transmission becomes even smaller compared with single-TRP case.

1. 
Existing solution of default beam scheme in Rel-15/Rel-16 can be extended to unify the beam indication for different DL/UL channels/RSs.

Support multiple common beams in Rel-17, i.e. M>1 or N>1.

Support multiple common beam operation for each TRP, with M=4/N=4 across M-TRP as maximum.

Support MAC CE-based scheme for TCI state indication.
 
Support to indicate beam and pathloss RS for PUSCH with unified TCI framework.
SRI field in DCI is kept for port determination and other PC-related parameters for minimum impact on SRI functionality.

Multiple channel/RS types can be flexibly grouped to apply a same common beam.

TCI state for each group is indicated by a MAC CE.

The common beam is applied to CSI-RS for CSI acquisition and CSI-RS for tracking.
The common beam is not used for beam management RS.

The default beam of PDSCH before activation of new beam follows one of the common beams previously indicated. 

For the common beam indication and unified TCI framework, a common TCI pool is configured by RRC.

The reference RS in TCI state can be SSB, CSI-RS and SRS with no limit to BM RS.

Support common beam indication for all the BWPs in the CC list configured by gNB.
Support simultaneous beam update by a MAC CE for PUCCH resource/PUCCH resource group for all the BWPs in the indicated CCs.
Support MAC CE-based TCI state update for SP-/AP-CSI-RS. 
Support pathloss RS update for PUCCH/PUSCH/SRS by a MAC CE for all the BWPs in the indicated CCs.

· Support L1 inter-cell beam report based on L1 inter-cell beam measurement.

· L1/L2 inter-cell mobility is designed for various non-CA and CA setups.
 
· Support the reporting of the L1 measured inter-cell beam qualities based on legacy L3 inter-cell beam measurement behavior. 

· Support L1 inter-cell beam measurement outside SMTC with low increase of complexity and power consumption. 

· Clarify the scheduling restrictions for L1 inter-cell beam measurement. 

CSI reporting/resource setting configuration could be updated to include PCI information for inter-cell beam management.

Support to report timing offset between different cells in L1/L2 report 

For inter-cell mobility in Rel-17 both QCL enhancement for DL and spatial relation enhancement for UL should be considered.

TCI state/spatial relation/power control enhancement with additional information of the target cells (at least including PCI information) should be considered for inter-cell mobility.

MPUE enhancement in Rel-17 should at least consider the following aspects:
UE power saving
multi-TRP operation
MPE mitigation.

Consider signaling design and related procedure for UE operation with only one activated panel for both MPUE-Assumption1 and MPUE-Assumption3 in Rel-17. 

Enhance beam report with UE panel information included, e.g. with panel ID for each CRI/SSBRI.

Support MPE enhancement based on Rel-16 MPE framework in RAN4.

Support MPE mitigation including P-MPR in PHR per panel basis in Rel-17.

For panel switching triggered by MPE event, support single activated panel operation for both DL reception and UL transmission.

Mechanisms for alignment of DL reception panel and UL transmission panel due to panel switch triggered by MPE should be designed to facilitate single activated panel operation. 
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Annex
[bookmark: _Ref47445762][bookmark: _Ref47698540]System-level simulation assumption for common beam
	Parameters
	Value

	Duplex, Waveform
	FDD, OFDM 

	Multiple access
	OFDMA 

	Scenario
	Indoor hotspot (InH)

	Frequency Range
	FR2: 30GHz，80MHz BW and 120kHz SCS；

	Channel model
	According to the TR 38.901

	Antenna setup and port layouts at TRP for narrow beam
	2 ports: (4,4,2,1,1) for 30GHz
(Mp,Np) = (1, 2)

	Antenna setup and port layouts at TRP for wide beam
	2 ports: (2,4,2,1,1) for 30GHz
(Mp,Np) = (1, 2)

	Analog Codebook setup at TRP for narrow beam
	Vertical: [-3/8pi -1/8pi 1/8pi 3/8pi]; 
horizontal: [-3/8pi -1/8pi 1/8pi 3/8pi]

	Analog Codebook setup at TRP for wide beam
	Vertical: [-1/4pi 1/4pi]; 
horizontal: [-1/4pi 1/4pi]

	Antenna setup and port layouts at UE
	For 30 GHz: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ. * Θmg,ng=90°; Ω0,1=Ω0,0+180 

	Analog Codebook setup at UE
	Vertical: [1/6pi, 2/6pi]; 
horizontal: [-3/8pi -1/8pi 1/8pi 3/8pi]

	Digital Codebook
	Type2 Codebook

	Physical layer abstraction
	RBIR

	Channel estimator
	Ideal

	Receiver
	MMSE IRC

	Rank candidate
	Transmission layer 1 or 2 per TRP

	CSI feedback period
	4

	CSI feedback delay
	5

	CQI/MCS table
	eMBB 256QAM

	Traffic model
	FTP1

	Packet Size
	4Mbit

	UE receiver noise figure
	9dB

	Number of RBs
	52



[bookmark: _Ref53999556]Link-level simulation assumption for common beam indication
	Parameter
	Value

	Carrier frequency
	30GHz 

	Subcarrier spacing 
	120KHz

	UE Mobility and trajectory handling
	HST (based on TS38.802/913): 



The origin (0,0) is assumed to be at RRH2 and between the 2 tracks
· Only one UE is simulated (representing one CPE in the train)
· Distance between two adjacent RRHs is drrh = 200 m
· Distance between the tracks is dtrack = 6 m
· Distance between RRH and nearest track is drrh_track = 5 m
· RRH has a bearing angle  or  where =20 degrees
· The UE starts near RRH2 and moves towards RRH5, or starts near RRH5 and moves towards RRH2
· Possible starting points are near , , ,  
· There are two possible randomly selected travel directions for the UE, each with two possible starting locations (a total of four trajectories):
· Direction 1: The UE starts near RRH2 (at either P or S) and moves on a horizontal line to the right
Direction 2: The UE starts near RRH5 (at either R or Q) and moves on a horizontal line to the left

	Propagation condition
	CDL-D

	gNB antenna configuration
	2 ports: (M, N, P, Mg, Ng) = (4, 8, 2, 1, 1)

	UE antenna configuration
	2 ports: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 1)

	Analog Codebook setup at TRP
	Horizontal: [-4/12 -3/12 -2/12 -1/12 0 1/12 2/12 3/12 4/12] *pi;
Vertical: [2/4 3/4] *pi

	Analog Codebook setup at UE
	Horizontal: [-3/12 -1/12 0 1/12 3/12] *pi;
Vertical: [1/4 2/4] *pi

	Beam training period
	10ms

	DMRS type
	Type 1, pos=[3 7 11]

	PDSCH mapping
	Type A, Starting symbol 2, Duration 12

	Bandwidth
	50RB

	MCS
	16QAM, 490/1024

	Rank
	1

	UE speed
	256km/h



System-level simulation assumptions for intra-cell mobility
	Parameter
	Value

	Carrier frequency
	30GHz 

	Subcarrier spacing 
	120KHz

	Scenarios
	Dense Urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per site), 100% outdoor
One UE is dropped for each of the 21 sectors/cells (see mobility description below)

	UE Speed
	120 km/hr 

	UE Mobility and trajectory handling 
	Linear trajectory, intra-cell mobility (constrained within one cell)
Trajectory sampling at most spaced by decorrelation distance
Dense Urban:




For each of the 21 cells: One UE is dropped as follows: For the upper right sector/cell with d=30m, the UE starts at P and moves along the 120-deg line downward to Q

Each sector is a cell and that the cell association for intra-cell mobility is geographic and not RSRP based.

	BS Antenna Configuration
	2 ports: (M, N, P, Mg, Ng) = (4,8,2,1,1), (dV, dH) = (0.5, 0.5) λ
(Mp,Np) = (1, 1)

32 beams at TRP:
Vertical: [1/8pi, 3/8pi, 5/8pi, 7/8pi]
Horizontal: [-7/24pi, -5/24pi, -3/24pi, -1/24pi, 1/24pi, 3/24pi, 5/24pi, 7/24pi]

	UE Antenna Configuration
	Three panels located facing the right, left and to the front of the direction of motion tend to result in maximum signal reception. That is,
(M, N, P, Mg, Ng) = (1, 4, 2, 1, 3); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ.

4 beams at TRP:
Vertical: [1/2pi]
Horizontal: [-3/8pi -1/8pi 1/8pi 3/8pi]

	Digital Codebook
	Type1 Codebook

	Physical layer abstraction
	RBIR

	Channel estimator
	Ideal

	Receiver
	MMSE IRC

	Rank candidate
	Transmission layer 1 or 2 per TRP

	Feedback period
	Beam reporting: 10ms (80 slots)
CSI reporting: 10ms (80 slots)

	Feedback delay
	Beam reporting: 0.5ms (4 slots)
CSI reporting: 0.75ms (6 slots)

	Beam indication delay
	DCI: 0.25ms (2 slots)
MAC CE: 3.25ms (26ms)

	CQI/MCS table
	eMBB 256QAM

	Traffic model
	Full buffer

	UE receiver noise figure
	7dB

	Number of RBs
	52



System-level simulation assumption for MPE
	Parameters
	Values

	Scenarios
	· Dense urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per cell), 100% outdoor
· the number of UEs is 105 at each drop
· Indoor (TR 38.901/802)
· the number of UEs is 120 at each drop

	UE speed
	3 km/hr for indoor UEs, 30km/hr for outdoor UEs 

	Panel Blockage Modeling for MPE
	Only one panel is blocked. The blocked panel is randomly selected at each drop
· Blocking entails an additional pathloss of 10dB applied to both DL and UL
For simulation with full buffer traffic, a blocking event is determined, started at the beginning of each drop, and sustained throughout the entire drop.

	MPE Modeling
	When MPE occurs, the maximum TX power for the covered panel is reduced by 10dB P-MPR. That is, the actual maximum TX transmit power = maximum EIRP (22dBm) – P-MPR (10dB)

	UE-side panel switching latency
	0 ms for active panels

	Performance metrics
	CDF of UE throughput, avg. and 5% UE throughput (representing cell-edge coverage)

	Frequency Range
	FR2 @ 30 GHz,
· SCS: 120 kHz
· BW: 80 MHz

	Transmission Power
	Maximum Power for base station is 40dBm;
Maximum Power for UE is 22dBm;

	BS Antenna Configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ
32 beams at BS side: vertical[1/8pi, 3/8pi, 5/8pi, 7/8pi]; horizontal[-7/16pi, -5/16pi, -3/16pi, -1/16pi, 1/16pi, 3/16pi, 5/16pi, 7/16pi];

	BS Antenna radiation pattern
	TR 38.802 Table A.2.1-6, Table A.2.1-7

	UE Antenna Configuration
	Number/location of panels: 3 panels (left, right, and back) 
Panel structure
-	(M, N, P) = (1, 4, 2)
-	8beam at UE side:vertical[0.0]; horizontal[-3/8pi, -1/8pi, 1/8pi, 3/8pi]

	UE Antenna radiation pattern
	TR 38.802 Table A.2.1-8, Table A.2.1-10

	Beam correspondence
	Perfect beam correspondence，∆EIRPBC =0

	Link adaptation
	Based on CSI-RS

	Rank candidate	
	Only rank1

	Traffic Model
	Full buffer and FTP model 1 with packet size 0.5Mbytes for DL and 0.1Mbytes for UL

	Inter-panel calibration for UE
	Ideal

	Control channel decoding
	Ideal

	UE receiver type
	MMSE-IRC

	BF scheme
	DFT based

	Transmission scheme
	SU-MIMO

	Other simulation assumptions
	serving TRP selection ：max L1-RSRP
scheduling algorithm ：PF

	Algorithm details (when applicable)
	Beam metric:L1-RSRP
One panel is active during the data transmission
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