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Introduction
In RANP#86 meeting, the WID on multi-beam enhancement of Rel.17 was established as below
	· Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 


In this contribution, we will capture the agreement made in RAN1#102e and RAN1#103e to remind the reader(s) and present our considerations and thoughts on how to step forward. Note that this tdoc is revised from R1-208346 which was submitted to RAN1#103e.
[bookmark: _Ref46237644][bookmark: _Ref59627205]Unified TCI framework
In Rel.15/16, the DL beam indication depends on the signaling of TCI states. It is configured in PDSCH-Config per BWP and can be viewed as a resource pool of DL Tx beams. The essential function of TCI state is to conduct QCL relation between two DL RSs, e.g. between CSI-RS and PDSCH DMRS. As for UL, the beam indication is built on spatial relations which are separately configured and/or activated for UL channels or signals in a per PUCCH/SRS resource level. The spatial relation may contain an SRS resource or a DL RS as spatial source for determining UL Tx spatial filter, whereas a TCI state could only contain a DL RS (either SSB or CSI-RS) as a QCL source. 
Due to the fundamental difference between UL and DL beam management mechanisms in existing NR system, at least two sets of beam management parameters, i.e. TCI states for DL and spatial relations for UL, should be configured, (de)activated by NW, and finally indicated to UE. Therefore, the WID of Rel.17 plans to have a unified TCI state framework which applies to both DL and UL beam management with less overhead and more flexibility and uniformity.
Source RS for unified TCI state
During RAN1#102e, the following part was agreed under Item c) of Issue 1. Specifically, besides DL RS, the SRS for BM can be added into unified TCI as source RS for UL Tx spatial filter determination. This enables unified TCI state originally designed in DL with the same functions as spatial relation in UL beam indication. Consequently, the unified TCI state can be indicated for DL and/or UL usage. 
	c)	  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
· 	Whether the UL TX spatial filter corresponds to UL TCI (separate from DL TCI) depends on the outcome of 1b) above
· FFS: Support the use of non-BM CSI-RS and/or non-BM SRS in addition
d)	  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


However, in Rel.15/16, only DL RS can be referred for DL reception. With indicated DL RS, the UE could determine the corresponding Rx beam when considering the indicated Tx beam. In other words, UE has flexibility in implementing its Rx beam. But if SRS for BM is indicated as a source RS for determining its Rx beam, the UE has to revert the Tx beam of the indicated SRS resource as Rx beam. Therefore, the flexibility in implementing UE’s Rx beam would be impaired. By far the benefits in adding SRS for BM as source RS for determining DL spatial filter at UE is not fully justified yet. 
Observation 1 : For determining DL Rx beam, reverting the Tx beam of the indicated SRS for BM as the DL Rx beam seems too restrictive which is not aligned with Rel.15/16. 
For UL TCI state, another pending issue is whether to use the non-BM CSI-RS and/or non-SRS as source RS in unified TCI state. In Rel.15/16, when either CSI-RS or SRS is configured in PUCCH-SpatialRelationInfo or SRS-SpatialRelationInfo, there seems no such constraint that these non-BM CSI-RS or SRS should not be for beam management purpose. For the same reason, non-BM CSI-RS, e.g. CSI-RS for tracking or CSI acquisition and the non-BM SRS, i.e. SRS for antenna switch, codebook or non-codebook, could also be optionally configured and indicated in unified TCI state for UL channel/signal. 
Additionally, when beam correspondence holds and no MPE issue detected, joint TCI state can be indicated for both DL and UL channel/signal. If non-BM CSI-RS (e.g. TRS or CSI-RS for CSI) or non-BM SRS cannot be applied for Tx beam for UL channel/signal. Then this constraint is extended to the case of joint beam indication which may contain non-BM RS for DL channel/signal. We fail to see benefits in adopting such constraint. Hence we have
Proposal 1 [bookmark: _Hlk61601296]: For determining UL Tx beam, support non-BM CSI-RS and/or non-BM SRS as source RS in unified TCI state.
Unified TCI state pool
With the unified TCI states, what remains questionable is whether DL and UL share a common TCI state pool, e.g. tci-StatesToAddModList configured in PDSCH-Config, or whether NW configures a similar unified TCI state pool in PUSCH-Config for UL separately. In RAN1#102e and RAN1#103e, the related part of the agreement, i.e. Item b) of Issue 1 is listed as below
	b)  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
0. Alt1. Utilize the joint TCI to include references for both DL and UL beams
0. 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
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. Note: This may be related to issue 5 as well as other reasons for different TCIs such as network flexibility/scheduling
Agreement
On Rel-17 unified TCI framework:
· A pool of joint DL/UL TCI state is used for joint DL/UL TCI state update (beam indication).
· FFS: The pool for separate DL and UL TCI state update (beam indication)
· Note: Here, TCI state pool refers to a pool configured via higher-layer (RRC) signaling
· FFS: Whether joint TCI may include UL specific parameter(s) such as UL PC/timing parameters, PL RS, panel-related indication, etc. and if it is included, it is used only for UL transmission of the DL and UL transmissions to which the joint TCI is applied 


Our thought is to maintain flexibility of DL and UL beam indication as much as possible and we illustrate it in Figure 1. Two separate TCI state pools can be configured via RRC signaling, meaning one for DL and the other one for UL. Each configured TCI state pool can be activated/deactivated by MAC CE and then indicated by DCI. In addition, we noticed that in separate DL/UL beam indication, only DL RS can be applied for DL beam indication, meaning SRS for UE to determine DL Rx beam is not supported yet. But both DL RS (SSB and CSI-RS) and UL RS (SRS) can be configured into UL TCI state. From this sense, it is reasonable to separately configured TCI state pools for DL and UL. 


Figure 1 [bookmark: _Ref44259174]: Unified TCI state framework for both DL and UL
Proposal 2 : To achieve the flexibility of DL and UL beam updating/indication, support separately configured unified TCI state pools per BWP, i.e. one for DL and the other one for UL. 
Relationship between PC and unified TCI
In Rel.15/16, different power control mechanisms were designed for different UL channel/signal. Specifically, the whole set of RRC configured power control parameters (i.e. alpha/P0/PL RS/closed-loop index) of PUSCH highly depends on SRI in UL grant DCI. Only the mapping between SRI and PL RS can be updated by MAC CE. For PUCCH, each PUCCH resource can be activated by MAC CE with single PUSCH-SpatialRelationInfo within which the above-mentioned PC parameters can be found. For SRS, those PC parameters are configured in each SRS resource set and only PL RS can be updated within an SRS resource set by MAC CE. Therefore, we have
Observation 2 : In Rel.15/16, some UL PC parameters, i.e. alpha/P0/PL RS/closed-loop index are RRC configured for UL channel/signal, but only PL RS can be updated by MAC CE.
In UL, the UE transmission power by nature links with Tx-Rx beam pair established between UE and NW. In Rel.17, both joint TCI state and separate TCI state for UL can be dynamically indicated to UE by DCI which targets for UL scheduling. So we think such UL Tx beam and Tx power association should also be considered. From PUSCH power control perspective, the indicated TCI state (if no SRI existed in DCI) should provide the same function as SRI. In both RAN1#102e and RAN1#103e, these UL aspects were discussed to be further studied 
	e) 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 

Agreement
On Rel-17 unified TCI framework:
· A pool of joint DL/UL TCI state is used for joint DL/UL TCI state update (beam indication).
· FFS: The pool for separate DL and UL TCI state update (beam indication)
· Note: Here, TCI state pool refers to a pool configured via higher-layer (RRC) signaling
· FFS: Whether joint TCI may include UL specific parameter(s) such as UL PC/timing parameters, PL RS, panel-related indication, etc. and if it is included, it is used only for UL transmission of the DL and UL transmissions to which the joint TCI is applied 


Given the framework of unified TCI state in Rel.17, certain PC parameters, i.e. PL RS, can be further enhanced down to per-beam level, whereas other PC parameters, i.e. P0/alpha/closed-loop index, can also be enhanced at least per channel level. More specifically, either joint TCI state or separate TCI state for UL could be associated (concurrent with but not include) UL power control parameters. The reason why we prefer UL PC parameters are not included into unified TCI state lies in the fact that if the TCI state is for DL beam indication, it seems the UL PC parameters are not useful but may consume extra overhead during configuration. Moreover, the association between TCI state and UL PC parameters can be easily adjusted or updated via MAC CE, if agreed to be specified in RAN2. 
Proposal 3 : For Rel.17 UL power control, PL RS can be associated (concurrent but not include) with either joint TCI state or separate TCI state for UL, whereas the other PC parameters, i.e. P0/alpha/open-loop index could be associated with same TCI state on per channel/signal level.
Relationship between TA and unified TCI
In Rel.15/16, a UE could be configured with up to 4 TAG (timing advance group) which may include one or more serving cell(s). In other words, all the UL channels/signals within a serving cell share the same TA value at one moment. If different TA values could be associated with different joint TCI states or separate TCI states for UL, and different TCI states are applied to different UL channels or signals, there could be either discontinuous or overlapped transmission at UE. 
Let’s take Figure 2 as example, a UE transmits PUSCH with UL TCI state 1 and SRS with UL TCI state 2 and each TCI state is associated with a different TA value. On the left part a), when TA_PUSCH is greater than TA_SRS, the UE would experience transmission gap between PUSCH and SRS, whereas on the right part b), TA_PUSCH is smaller than TA_SRS, there could overlapped symbol(s) in time domain which might exceed CP length and beyond UE’s capability in simultaneous UL transmission. It seems undesirable at all. So we have following observation and RAN1 may need to carefully study the association between TA and unified TCI state.


Figure 2 [bookmark: _Ref58942104]: Different UL channel/signal with different TA within a serving cell
Observation 3 : Assuming different TA values can be associated with different TCI states, it may result in undesirable either UE transmission gap or overlapped transmission at UE side. 
Common beam operation (inter-band)
For the case of multiple CCs in different bands, i.e., inter-band CCs, there are, as well, opportunities to reduce the burden of signaling overhead. With no optimizations, multiple beam management procedures may be required in the inter-band case to cater for multiple CCs, BWPs and UE panels, as illustrated for the intra-band case. This has several adverse effects:
· Time-frequency resources need to be reserved for initial beam establishment and beam refinement on multiple CCs.
· The burden of signaling overhead, e.g., to configure suitable TCI states, increases with the number of CCs and UE panels.
· The UE burden and energy consumption associated with additional beam management procedures scales up with the number of CCs, UE panels and BWPs.
It is possible, however, to reuse beam management procedures across bands. For instance, when TRPs of different bands (e.g., 28 GHz and 39 GHz bands) are co-located, signals between NW and UE tend to propagate through the same physical directions. In this case, a beam sweep procedure common to multiple CCs may be feasible, including the reuse of TCI states. To harbor opportunities for optimizations, we make the following proposal: 
Proposal 4 [bookmark: _Ref47597982]: For inter-band CCs, a common beam management procedure, including TCI states across bands, should be considered for data/control, DL/UL, multiple BWPs, multiple TRPs and multiple UE panels. 
[bookmark: _Hlk31791006]The feasibility of the above proposal depends, of course, on the UE ability to simultaneously produce beams in different bands which roughly point in the same directions. It is apparent that the ability to do so will depend on the UE implementation. For example, some UEs might not be able to simultaneously control directions of beams in different bands, or they might be able to do so for certain band combinations, but not for others. Therefore, the achievable savings depend on certain UE capabilities. RAN4 has been discussing a potential new UE capability on independent beam management (IBM) and/or common beam management (CBM) for inter band CA operation. Note that if such capability would be eventually agreed, Proposal 4 supporting a common beam management procedure states across bands would then become necessary.
Proposal 5 : The UE capabilities reporting related to simultaneously steering in the same direction beams belonging to CCs in different bands should be considered.
Furthermore, RAN4 is discussing possible test setups for inter-band CCs wherein the beams of different CCs may be configured to use different polarization directions. In addition, some UEs may only be able to have independent beam control on different CCs with different polarizations due to limitations from the RF implementation. Therefore, when optimizing TCI states across bands, polarization needs to be taken into account. In particular, the polarization property of beams shall not impair optimizations of the TCI states while, at the same time, it should be possible to select orthogonal polarizations for beams in different bands pointing in the same/different directions.
Proposal 6 : For the optimization of TCI states across bands, the polarization property of beams should be considered.
L1/L2 inter-cell mobility
In Rel.15/16 NR, the intra-cell beam level mobility was designed and specified. In the WID of Rel.17, RAN plans to support the inter-cell mobility with as less latency as possible, i.e. by using the L1/L2 signaling and not relying on conventional L3 handover procedure which involves RRC signaling with expected larger latency. The handover procedure for UE in RRC_CONNECTED in TS 38.300 can be found in Figure 3. The motivation for introducing the L1/L2-centric inter-cell mobility is to address an issue associated with a moderate- to high-speed UE. When a UE intends to move across the border of its SpCell and enter the coverage of a non-serving cell, the benefit comes from early beam-level activation/indication for a target cell before any RRC signaling involved (if needed).


Figure 3 [bookmark: _Ref44231954][bookmark: _Ref44231903]: RRC involved inter-cell mobility
Prerequisite for L1/L2 mobility
RRC reconfiguration
In RAN1#103e, the enhancement scope of L1/L2 mobility on RRC reconfiguration was discussed and finally it can be assumed as below. From latency perspective, any L3 signaling seems undesirable when compared with L1/L2 signaling and should be avoided as much as possible. That’s the essence of L1/L2 signaling based mobility. But on the other hand, mobility in either Rel.15/16 NR or even LTE is controlled by L3. Due to the complexity of mobility procedure, RAN1 itself may not have the full specialty to determine whether RRC reconfiguration is completely not required during the whole L1/L2 based handover procedure and it could be up to higher layers. 
	· FFS: The following enhancement scope is assumed by RAN1: 
· Whether RRC reconfiguration signaling is needed or not when a TCI associated with non-serving cell RS is indicated 
· A non-serving cell RS is an RS that is or has an SSB of a non-serving cell as direct or indirect QCL source
· This implies no C-RNTI update when UE receives DL channel RS associated to non-serving cell RS as QCL source. 
· FFS whether TCI associated with non-serving cell can be indicated to or are applicable for all channels.
· Whether some RRC parameters need to be updated without additional RRC signaling, e.g. some RRC parameters are pre-configured, which are associated with TCI states with neighbor cell RS as QCL source


In order to avoid L3 signaling, e.g. RRCReconfiguration, one of NW implementations would be that the NW pre-configures the UE with all necessary RRC parameters of target cells along the UE’s trajectory. This approach could be suitable for UEs with predictable trajectory, e.g. UEs in highway or high-speed train. But the downside of this approach requires larger storage for multiple RRC configurations at UE. But if RRCReconfiguration is inevitable, it is better to signal the RRC signaling after Tx-Rx beam pair between target cell and UE has been established. 
Another approach is to configure all cells with exactly the same RRC parameters. But from NW perspective it seems too restrictive to have all cells configured in the same format. So, we don’t think the second approach is very reasonable and have 
Observation 4 : RRC reconfiguration incurred by handover could be replaced by either RRC pre-configurations or same RRC configuration for all cells along UE’s trajectory, where the latter seems too restrictive from NW implementation standpoint. 
Another issue on TCI configuration is actually from an artificial constrain in Rel.15/16. Specifically, a UE is only allowed to be configured with TCI states with source RS(s) from its serving cell. To enable beam operation with non-serving cell(s), one simple method would be to pre-configure TCI states with RS from non-serving cell(s). Taking DL as example, it can be done by optionally allowing PCI (either from serving cell or non-serving cell) included into or associated with TCI state. Consequently, when pre-configuration on TCI states (some of them contains RS from non-serving cell) are assumed and then activated/indicated, there seems no need to convey the RRC reconfiguration to UE. 
Considering the progress of unified TCI, we have following
Observation 5 : When TCI states pre-configured with non-serving cell information are activated or indicated by serving cell, RRC Reconfiguration on these TCI states seems not necessary.  
Proposal 7 : For L1/L2 signaling based mobility, support that unified TCI state can be pre-configured or associated with RS from non-serving cell 
· Recommendation to high layer design would be to incorporate PCI with QCL-Info or associate PCI with unified TCI state
Beam management for L1/L2 mobility
In Rel.15/16, the procedure of beam management in L1 includes the following steps: beam-related configuration, beam measurement, beam reporting and beam indication. In RAN1#103e, when taking account non-serving cells, these aspects were discussed again in Rel.17 and can be assumed as
	· The following enhancement scope is assumed: 
· Facilitating measurement and reporting of non-serving RSs via incorporating non-serving cell info with some TCI(s), along with the necessary measurement and reporting scheme(s) 
· FFS: Detailed/exact method(s)
· FFS: Whether this also implies the support of beam indication (TCI state update along with the necessary TCI state activation) for TCI(s) associated with non-serving cell RS(s)
· FFS: Metric for the measurement and reporting, e.g. L1-RSRP or L3-RSRP or time- or spatial-domain-filtered L1-RSRP
· FFS: Beam-level event-driven mechanism, using serving cell RS and/or non-serving cell RS
· Facilitate serving cell to provide configurations for non-serving cell SSBs via RRC 
· FFS: details for the configurations, e.g. time/frequency location, transmission power, etc.
· FFS: other information needed for inter-cell mobility
· Note: In RAN1's understanding, non-serving cell SSB and non-serving cell RS can be part of the serving cell configuration


Beam measurement
Without QCL assumption or TCI states configuration from RRCReconfiguration, the measurement setting of RRM can be leveraged by a UE to find out proper DL Rx/UL Tx beam(s) from non-serving cell(s). More specifically during initial RRC configuration, the UE can be pre-configured to measure some mobility RS, i.e. SSB and/or CSI-RS resources from non-serving cell(s) for both L3 and L1/L2 mobility purpose. Note that the set of mobility RS for L3 could be from that of L1/L2 mobility. Beside the pre-configured mobility RS, there could be SSB which is detected and measured by UE itself.
In our understanding, if these RS can be pre-configured into or associated with unified TCI states for DL and/or UL, the L1/L2 based signaling method can thus be enabled accordingly. 
Proposal 8 [bookmark: _Hlk61601443]: The mobility RS configured in L3, i.e. SSB or CSI-RS for mobility, can be leveraged by UE for L1/L2 based mobility.
Beam reporting
For existing mobility, when any of triggering conditions of inter-cell handover has been satisfied, a UE may report the L3-filtered RSRP to NW and trigger handover procedure. Following the same way, if corresponding L1 events can be defined, the results of L1-related measurement should be reported as well. For example, the L1 event could be defined as when the quality of one RS from non-serving cell is better than current serving cell with a pre-defined threshold. 
From latency perspective, L3 filtered RSRP reporting normally takes more time than the L1-RSRP reporting due to the nature of time domain filtering. But on the other hand, the stability of L3-RSRP outperforms that of L1-RSRP in making handover decision. There seems no harm to reuse the existing L3-RSRP and L1-RSRP reporting for mobility in Rel.15/16 and it could be up to NW to select either L1 or L3 measurement results for inter-cell mobility. But since we focus on L1/L2 approach of inter-cell mobility, let’s assume the L1-RSRP reporting for discussion. 
Afterwards, NW in serving cell can apply L2 approach, i.e. MAC CE, to activate the particular TCI state(s) which contains or associates with the target cell’s PCI for the UE’s reception of PDCCH and/or PDSCH from target cell(s). The L1 approach would be that based on newly defined L1 events, TCI states associated with reported beams from target cell can be deemed as automatically activated. Therefore, the signaling of MAC CE can be even saved. As for NW, it could interpret such automatic TCI state activation from UE’s related beam reporting.  
Proposal 9 : RAN1 studies and defines (if necessary) the L1 based mobility events and specifies (if needed) TCI state automatic activation after a UE conducts L1/L3 based reporting with certain conditions.
Beam activation/indication
Instead of RRCReconfiguration, serving cell could apply MAC CE to activate pre-configured TCI state(s), if any, which may contain RS from non-serving cell. When the TCI states includes or associates PCI from non-serving cell are activated, the UE may assume the pre-configured RRC parameters pertaining to the PCI can now be applied for the target cell and initiate RACH procedure to access this cell, if the RACH procedure is still needed. With RACH procedure, the UE could at least obtain a proper TA, i.e. get itself UL synchronized with target cell. During and after the RACH procedure, DCI and the scheduled data channel in target cell can be received by UE with activated or indicated TCI state(s).  
For UL in target cell, it is also reasonable to add or associate PCI of target cell into spatial relation, e.g. PUCCH-SpatialRelationInfo and SRS-SpatialRelationInfo. With such configuration and activation if needed, the UE can access the target cell in UL with as less latency as possible.
Since the UE can be configured with TCI states including or associating any PCI in the network, this kind of TCI state can be named, such as “universal” TCI state which is just for discussion purpose, not to be included into specifications. 
Proposal 10 : RAN1 studies and specifies (if necessary) the mechanism for unified TCI state activation/indication (L2/L1) before RRCReconfiguration is signaled in L3, if any.
Dynamic TCI state updating
In Rel.15/16 NR, only data channels are allowed with dynamic beam tracking to response to rapid channel change or UE rotation, etc in a timely manner. Specifically, for PDSCH and PUSCH, TCI field and SRI field in DCI format 1_1/1_2 and 0_1/0_2 conducts QCL and spatial relation information for DL and UL respectively. 
But for other channels or signals, e.g. PDCCH/PUCCH, conventional MAC CE signaling in Layer 2 are leveraged to facilitate beam update/change with considerable signaling latency. As for the signaling latency of MAC CE updating beam(s), the specifications in RAN1 and RAN4 are still facing divergent description. For instance, in RAN1’s spec only 3ms is needed for MAC CE to take effect after HARQ-ACK transmitted for the PDSCH carrying the MAC CE activating TCI states, whereas in RAN4’s spec, a UE may need to take account more factors, e.g. the RSRP of first QCLed SSB, known or unknown TCI state, etc. The latter yields larger time budget for the newly updated beam(s) to be applied at both NW and UE side. 
In RAN1#102e, Item a) of Issue 3 was achieved as following
	[Issue 3] For Rel.17 NR FeMIMO, on dynamic TCI state update signaling medium:
a) 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)


During RAN1#103e, the DCI based TCI state updating was discussed when considering the impacts on reliability, overhead, and latency, and finally supported. In our view, the MAC CE based signaling might be still needed at least for activating/deactivating unified TCI states from configured TCI state pool. With certain number of activated TCI states, the corresponding TCI filed in DCI can be aligned with minimum DL overhead.  In this section, we would like to discuss the pending issues on DCI based approach. 
DCI formats for signaling TCI state 
UL DCI
In RAN1#103e, the Layer 1 signaling medium was supported to conduct joint or separate TCI state(s) as following agreement. Particularly, RAN1 agreed to reuse DL DCI format 1_1 and 1_2 for beam indication and leave a few of other possibility for further study. 
	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 our view, the DL DCI formats which were originally designed to include TCI in Rel.15/16 seems natural candidates for conducting beam indication in Rel.17 and it was indeed supported in RAN1#103e. However as for UL scheduling, the function of UL beam indication was designed to be dependent on SRS resource in Rel.15/16. Specifically, the SRI in DCI 0_1/0_2 indicates SRS resource(s) which was/were configured in SRS resource set with usage set as either ‘codebook’ or ‘non-codebook’. Besides UL Tx beam(s), SRI also couples with other UL aspects, e.g. UL power control, precoder and rank selection, which cannot be provided by TCI state in DL DCI. In addition, when UL scheduling comes, the other fields (rather than TCI state) in DL DCI are not identical with that of UL scheduling DCI. Hence, it seems not feasible to only apply DL DCI to convey TCI state(s) when separate UL beam indication is needed. Therefore, we have 
Observation 6 : The multiple roles of SRI in UL DCI are very important to UL scheduling, which could not be easily replaced by the TCI filed in current DL DCI.
Proposal 11 : RAN1 studies and designs UL DCI format to support separate UL beam indication using TCI state(s).
[bookmark: _Ref58831009]New DCI
Either DL scheduling DCI or UL assignment DCI normally involves with DL/UL data transmission which requires additional fields in DCI formats, e.g. TDRA and FDRA fields. From the perspective of DL/UL beam indication, those fields seem unnecessary. Moreover, the timing of data transmission by nature is unpredictable which may not be perfectly aligned with timing of DL/UL beam updating/changing highly likely. In an agreement of RAN1#103e, the possibility of designing a new DCI format which could be dedicated for conveying unified TCI state(s) was introduced. 
Without DL/UL data to be scheduled, the new DCI format could only contain a few of TCI state related fields, therefore saving DL overhead for control channel. In what follows, we would like to list some of necessary fields we so far have in mind. Note that it is not an exclusive list. 
· Unified TCI state ID(s)
· Usage of unified TCI state 
· Joint beam indication or separate beam indication for which channel or which signal 
· Common beam or independent beam operation (if using Rel.16 common beam operation, the common beam operation may have no L1 signaling impact, and it is based on RRC configuration and MAC CE) 
· HARQ process ID and HARQ codebook related parameter
· Since both NW and UE should be on the same page on which Tx-Rx beam pair is being applied or to be applied from which starting time point, the UE should feedback whether this DCI conveying TCI state has been successfully decoded or not. This is to avoid beam misalignment between NW and UE side. One may refer to SPS PDSCH release in Rel.15/16 for similar usage
· PUCCH resource indicator
· Therefore, a UE needs to occupy at least a PUCCH resource to transmit HARQ-ACK information for the DCI carrying beam indication. 
· PDCCH-to-PUCCH_feedback timing indicator
· When the UE should send HARQ-ACK for the dedicated DCI also matters for NW to prepare and receive such HARQ information
With all above being considered, we have
Proposal 12 : RAN1 should consider designing a new dedicated DCI format which conveys unified TCI state(s) from NW to UE and does not have to include DL assignment or UL grant information.
GC-DCI
In RAN1#103e, the possibility of using group-common DCI to carry TCI state(s) for a group of UE has been discussed and it is now for further study. In our view, for some specific deployment scenarios, e.g. high-speed train or vehicles in high way in which a group of UEs are located in close proximity. Though due to different UE rotation or UE position the DL Rx beams could be different from UE to UE, the DL Tx beam(s) from NW seems common for the group of UEs. Therefore, as inspired by GC-PDCCH designed in Rel.15/16, it seems reasonable to apply GC-DCI to carry DL TCI state to the group of UEs. 
Straightforwardly, this GC-DCI conveying DL TCI states should be scrambled by a new GC-RNTI. From signaling perspective, assuming K users in a group and instead of sending K UE-dedicated DCI to each of K UEs, NW could only send one GC-DCI in the best case. Hence, a certain amount of DL overhead (i.e. (K-1)/K) can be saved, therefore alleviating congestion for DL control channel. 
	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


Proposal 13 : RAN1 continues to study the possibility to introduce GC-DCI to conveying DL TCI state(s) for a group of UEs.
HARQ mechanism
As we mentioned in 4.1.2, the Tx-Rx beam pair alignment between NW and UE does matter. It implies that both sides should know which TCI state(s) are being applied and when new TCI state(s) should be applied, if any update or change has been signaled. Consequently, the HARQ mechanism for DCI carrying TCI state updating should be specified, no matter what DCI format is applied.  
For DL DCI, the ACK feedback was agreed in RAN1#103e. Specifically, if a UE successfully decodes the PDSCH scheduled by DL DCI, then the UE sends an ACK for PDSCH to NW indicating the fact that it decodes both scheduling DL DCI and the scheduled PDSCH. Otherwise (the UE failed in decoding PDSCH), the UE would send NACK to NW, but NW cannot infer whether the UE has decoded the scheduling DCI successfully or not. Simply because the UE may send the NACK due to PDSCH detection failure, but it does decode scheduling DL DCI and attempt to receive PDSCH from the indicated time-frequency resource. To address such ambiguity, a UE may keep silent on indicated PUCCH resource and PUCCH transmission occasion. It can be deemed as DTX which aligns with current HARQ procedure in Rel.15/16. Given silent UE on indicated PUCCH occasion, NW may figure out that the DL DCI carrying TCI state updating has not been successfully decoded by UE.
As for UL grant, there is no explicit HARQ procedure specified, since NW by nature is aware of whether PUSCH has been decoded successfully or not by itself. NW only sends UL grant again with same HARQ process ID and un-toggled NDI to UE to re-transmit PUSCH, if NW failed in decoding previously transmitted PUSCH. It seems no harm to reuse this UL implicit HARQ procedure. 
Let’s below take the examples in Figure 4. At the beginning, NW sends UL DCI to schedule PUSCH transmission. If UL DCI has been successfully decoded by a UE, the UE would transmit PUSCH accordingly. No matter PUSCH is decoded successfully or not corresponding to case a) and b), NW can imply that the UE has decoded UL DCI. If no PUSCH transmitted from the UE corresponding to case c), NW infers that the UE did not decode the UL DCI successfully. Then it would be up to NW to re-schedule the UE with UL DCI carrying unified TCI state(s). In summary, even for UL DCI (no explicit HARQ procedure), the conventional implicit HARQ procedure can be reused or slightly enhanced to support UL DCI carrying TCI state(s). 


Figure 4 [bookmark: _Ref58415571]: HARQ procedure for dynamic granted PUSCH
Proposal 14 : For UL DCI carrying TCI state(s) for beam updating/indication, if supported, RAN1 consider to reuse the implicit HARQ procedure of dynamic grant PUSCH. 
For newly designed dedicated DCI, if supported, the guidance may come from the HARQ procedure of SPS PDSCH release DCI in Rel.15/16. In our view, similar HARQ procedure could be applied. 
Proposal 15 : For dedicated DCI only carrying unified TCI state(s), if supported, RAN1 should take HARQ procedure of SPS PDSCH release DCI as a starting point. 
For GC-DCI carrying TCI state(s) for a group of UEs, different from other GC-DCI, e.g. containing SFI or TPC, the HARQ procedure is needed anyway to maintain the alignment of beam pair information between NW and UE. Therefore, we have 
Proposal 16 : For GC-DCI carrying unified TCI state(s) for a group of UEs, if supported, the HARQ procedure should be supported for each UE within the group. 
UE capability
Due to the newly introduced L1 signaling on TCI state(s) indication/updating, a UE needs certain time to decode DCI and then retunes its RF on DL Rx beam(s) and/or UL Tx beam(s). It is reasonable for UE to report its capability on the minimum time interval to get every related aspects ready.
	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)


In RAN1#103e, the agreement on UE capability was achieved and two alternatives are to be down selected. In our view, same as MAC CE based TCI state activation, the starting time should be from the first slot after UE has acknowledged the L1 signaling. Otherwise, if a UE fails in decoding DCI, the slot counting shouldn’t be even started from NW and UE side. Hence, we think Alt2 is more agreeable when compared with Alt1 and have 
Proposal 17 : Regarding the application time of L1-based beam indication, if beam indication successfully decoded by a UE, support the 1st slot that is X ms or Y symbols after the UE acknowledges the joint or separate DL/UL beam indication (Alt2).
Uplink multi-panel fast operation 
Regarding the UL panel-specific beam selection, certain progress was made until RAN1#98 in Rel.16 and then the conclusion came that this feature should not be supported in Rel.16 due to no consensus. With a new start in Rel.17, we would like to continue to discuss, design and specify (if necessary) functions for the item in WID, i.e. fast UL panel selection. During RAN1#103e, the use cases of UL panel selection were discussed and finally agreed as 
	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


To address the issue(s) of agreed use cases, RAN1 could thus be guided on what function(s) to specify. In what follows, we would like first to discuss a fundamental issue of UL fast panel operation, i.e. panel ID, then analyze some of these listed use cases and show our candidate solutions. 
A panel ID for UL fast panel operation
As for UL panel selection, a panel ID seems to be intuitively necessary to identify a UE panel either from NW side or UE side. In Rel.17, to move on from where we stopped, RAN1 may further consider the solutions i.e. Alt.2 and Alt.3 inherited in one of Rel.16 agreements for UL panel selection. Next, allow us to present our views on these alternatives. 
	Agreement
Select one of the following alternatives in RAN1#98. Companies should take into account the maturity, forward compatibility to future releases, efficient use of SRS resource usage, and extension to simultaneous transmission across multiple panels of each alternatives for completion within the intended Rel-16 schedule. If there is no consensus in RAN1#98, UL multi-panel enhancement will not be specified in Rel-16.

gNB can configure/indicate panel-specific transmission for UL transmission, via
· Alt.2: Introduce a UL-TCI framework in Rel-16 and support UL-TCI based signaling analogous to DL beam indication supported in Rel-15, e.g., as illustrated below.
· A new panel ID may or may not be introduced.
· A panel specific signaling is performed using UL-TCI state
· Alt.3: a new panel-ID is introduced, which can be implicitly/explicitly applied to the transmission for a target RS resource or resource set, for PUCCH resource, for SRS resource, FFS for PRACH
· A panel specific signaling is performed using the new panel-ID implicitly (e.g., by DL beam reporting enhancement) or explicitly.
· If explicitly signaled, the ID can be configured in the target RS/channel or reference RS (e.g., in the DL RS resource configuration or in spatial relation info).
· No new MAC CE is specified for the purpose of introducing the ID.


Regarding Alt.2, the UL TCI mentioned in above Rel.16 agreement aligns well with the framework of unified TCI state in Rel.17. Note that both joint TCI state and separate TCI state for UL can be applied to UL transmission, so we here use the term UL TCI which applies both cases discussed in section 2. 
To enable fast panel operation, one simple approach is to introduce both UL TCI state and UE panel ID. More specifically, for beam measurement and reporting, a panel ID can be leveraged by NW to clearly indicate which UE panel(s) to carry out the metric measurement, e.g. L1-RSRP or L1-SINR and corresponding panel-specific reporting. Afterwards, for beam indication, both panel ID and UL TCI state ID can be signaled to UE for UL panel-specific and beam-specific transmission. 
Proposal 18 : A panel ID combined with UL TCI (either joint TCI or separate TCI for UL) should be supported for UL fast panel operation.
UE panel ON/OFF
In RAN1#103e, the UE-initiated UL panel control was agreed as
	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.


Considering power saving purpose or MPE issue, a UE may turn off or let’s say deactivate some of its antenna panels. If NW schedules UL transmission involving such inactive antenna panels at UE, the UE may consume more time to turn on the inactive antenna panel(s) than the scheduled PDCCH to PUSCH time gap. Consequently, the scheduled UL transmission cannot be fulfilled in time by UE which is surely undesirable either from NW side or UE side. In other words, both NW and UE should be on the same page on the ‘ON/OFF’ status of UE panels. Specifically, when a UE would turn off/on some UL panel(s), it should let NW know in synchronous manner. 
Observation 7 : For UL transmission, it matters that both NW and UE should be on the same page on the activation status of UE panel(s).
Proposal 19 : RAN1 needs specification support on UE-initiated UL panel selection/activation, at least from signaling perspective.
A UE has been granted to charge its antenna panel(s). Not only because UE antenna panels are UE implementation, but the reason also lies in the fact that only UE can observe its battery lifetime and then determine to turn off some panel(s) to increase standby time, or detect potential panel-specific extensive RF emission to human tissue and turn off some to avoid MPE. These information cannot be easily know by NW in a timely manner, so we think 
Proposal 20 : Do not support NW-initiated panel selection/activation, unless the benefits for supporting this feature can be fully justified.
[bookmark: _Ref59624471]MPE mitigation
In Rel.16, RAN1 received an LS from RAN4 to handle the MPE issue so as to comply with regulatory RF exposure limits. In RAN4, two approaches to handle the MPE issue have been agreed. One is directly based on backing off UE Tx power from the configured maximum transmit power by a quantity P-MPR. The other one is to honor the maxUplinkDutyCycle reported in the signaling of UE capabilities to control the ratio of UL transmission.  
Though aforementioned RAN4 solutions can address MPE issue, they come with a price of UL coverage deterioration, especially @FR2. For instance, when an UL power back off is applied by a UE when transmitting UL channels/signals, the UE may lower its maximum power by, e.g. 10dB to satisfy RF exposure limits. This can possibly result in dissatisfactory measurements of an UL Tx beam at NW side, though the corresponding DL beam selected may still bring high L1-RSRP at UE. 
Observation 8 : Due to the UL Tx power back-off, the Rel.15/16 beam management established on beam correspondence may result in suboptimal Tx beam selection in UL.
MPE-aware beam reporting
As early as in Rel.16 (RAN1#97), the MPE issue was brought up to RAN1. But due to lack of consensus in RAN1#98, the discussion on MPE was concluded then. In Rel.17, the WID formally includes the MPE issue and Issue 5 was identified to handle it in the way below
	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: 
1. 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 signalling
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)
1. Companies are encouraged to submit evaluation results based on the agreed EVM to justify the benefits of the candidate solutions


In RAN1#103e, the MPE-aware beam reporting part of an agreement is highlighted as below. 
	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.15/16, beam correspondence is a mandatory feature that any UE has to support either with or without UL beam sweeping. Next depending on whether UL beam sweeping is applied by UE or not, we discuss necessary beam reporting enhancements separately.
Specifically, for UEs supporting beamCorrespondenceWithoutUL-BeamSweeping, the UL beam selection is established on DL beam sweeping and corresponding UE reporting on DL RS. The UL Tx beam(s) corresponding to the reported DL RS may not be suitable for UL transmission due to MPE. Certain amount of Tx power should be reduced which may result in unavailable UL Tx beam. There could be at least two methods for UE to handle this situation. 
Firstly, considering MPE related power back off, if the remaining power of Tx beam is not acceptable for UL Tx, a UE could rule out the corresponding DL RS of the Tx beam impacted by MPE from beam reporting and only report the feasible DL RS to NW. 
Secondly, when selecting DL RS using L1-RSRP as performance metric, a UE could in advance bias the DL RS measurement of UL Tx beam with certain amount of L1-RSRP value. For example, there are two DL RS, i.e. DL RS #0 (with MPE issue of corresponding UL Tx beam, power back off value 10dBm) and DL RS #1 (without MPE issue of corresponding UL Tx beam, power back off value 0dBm). The L1-RSRP measurement of DL RS #0 and DL RS #1 could be -30dBm and -35dBm, respectively. But considering the UL power back off values, the modified L1-RSRP measurement is -40dBm (-10dBm biased) and -35dBm respectively. With such beam reporting, NW would select DL RS#1 as UL Tx beam without introducing MPE. 
Proposal 21 : For UE supporting beam correspondence without UL beam sweeping, the following options can be considered
· Opt.1: a UE only report feasible DL RS and its L1-RSRP when considering MPE
· Opt.2: a UE carries out the DL beam measurement biased by power back off value(s), and makes MPE-aware beam reporting. 
For UEs supporting beam correspondence with UL beam sweeping, the SRS based beam sweeping is necessary tool for UE to calibrate DL Rx beam and UL Tx beam. When a UE carries out this UL beam sweeping procedure, the UE may apply the power back off on a per Tx beam basis. More specifically, different SRS resources within the SRS resource set with usage set to ‘beam management’ may have different P-MPR values. SRS resources with their Tx beams experiencing the MPE issue should apply a power back off value, e.g. 10dB, when compared to other SRS resources not experiencing MPE. Therefore, considering the MPE impact, NW may select the ‘best’ SRS resource for UL transmission.
Proposal 22 : For UE supporting beam correspondence with the aid of UL beam sweeping, UE carries out UL beam sweeping biased by potential power back off value(s) on SRS resource(s).
Beam/panel-specific P-MPR reporting
[bookmark: _Hlk8895418]The UL transmit power is strictly limited by regulators’ limitations on MPE. Therefore, a power back off (P-MPR) can be used by UEs to meet the MPE limitation defined in the Rel-15 RAN4 specification. However, since the P-MPR value can be significant and unpredictable in real life, it will severely reduce the UL coverage and potentially result in radio link failures (RLFs). In Rel-16, enhancements of the MPE solution target avoiding RLFs and connection releases caused by FR2 UE RF exposure compliance. In RAN4#93, it was agreed that the P-MPR shall be indicated to the network through MAC-CE [2]. 
For Rel-17 multiple-beam operation with MPE impact, it is reasonable for RAN1 to consider supporting the existing RAN4 solutions. As we mentioned earlier, RAN4 has agreed in RAN4#93 to indicate the P-MPR value to the network, so that the network can estimate a reasonable UL duty cycle for the UE to avoid potential radio link failure and UL coverage loss. From RAN1 aspect, it can further associate the P-MPR value with spatial relation, e.g., reporting P-MPR of multiple candidate UL beams, so that the gNB can select the optimal beam pair for the uplink transmission. 
Proposal 23 [bookmark: _Ref31781978]: Associate the P-MPR values with the spatial relation for UL transmission to mitigate the coverage loss due to the MPE. 
Some possible ways to implement the above proposals have been discussed in RAN1 during Rel-16. However, to our understanding, no consensus was reached due to the limited time of the discussions. We believe those methods are still valid and need to be further discussed in Rel-17 to support further agreements reached in RAN4. 
We reiterate one possible solution here which aligns with Proposal 23 that UE can report the preferred UL beam (via reference RS index) in the UL report which includes estimated P-MPR value. The reference RS index could include CSI-RS/SSB as well as SRS for gNB to select the optimal beam pair. 
For multi UE-panel operation, a more straight forward way is to let the UE report a P-MPR value associated to a UE panel ID. Please note here that the MPE level is related to the physical antenna panels. Therefore, a panel ID likely needs to be related to a single physical antenna panel. If the P-MPR of each UE-panel is indicated to the network, the gNB can specify which panel to use and further optimize of the UL scheduling, resource allocation, etc.
Proposal 24 : Introduce a panel-specific P-MPR reporting associated to a panel ID. 
UL beam/panel switching to avoid MPE
Enhancements from RAN4 are limited to transmitted power control and uplink scheduling. However, even for the same antenna panel, the exposure level can be different between different beams, and even larger differences can be observed between different panels. An example from [3] is shown below in Figure 5. The free space power density of three different array designs averaged over 4 cm2 is plotted: For the same array, the power density level varies for each spatial filter (beam). For different array designs, the difference is even more pronounced. As a result, one can expect the actual max UL duty cycle, and P-MPR to be different for each beam in a real implementation. Therefore, we believe that beam/panel switching can be an effective solution and enhancement to mitigating the UL coverage loss due to MPE.
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Figure 5 [bookmark: _Ref47103483]: The view of simulation models of 28 GHz UE mock-ups of three different 4×1 arrays, and phase excitation scheme with a progressive phase shift βi (b) maximum 4 cm 2-averaged incident power density when d (distance to the antenna array)  and βi vary for 28 GHz 4×1 array. 
Observation 9 : Beam/panel switching can be an effective solution and enhancement to mitigate the UL coverage loss due to MPE.
In addition to the efforts on enhancing MPE related beam reporting and P-MPR reporting, another way to avoid MPE is to switch from a beam which exceeds the maximum exposure limit. For instance, when a UE is served by two TRPs, if one UL Tx beam with one TRP shall back off Tx power due to MPE, this UE could choose the other TRP for UL transmission. In such case it would be beneficial to study the UE triggered UL Tx beam change. Hence, we have
Proposal 25 : To avoid UL MPE issue, it would be beneficial for RAN1 to study and, if necessary, specify the mechanism of UE triggered UL beam/panel switch.
As a further observation, we notice that the MPE issue only affects UL. Therefore, it is possible to only switch the UL beam or panel to overcome the UL coverage limitation caused by the MPE restriction. Depending on whether beam correspondence holds or not at the UE side, the UE may be scheduled with an UL Tx beam which is not the corresponding DL Rx beam. From Rel.15/16 spec, the difference between UL Tx beam and DL Rx beam mentioned above is surely not restricted, thanks to two parallel beam management mechanisms, i.e. TCI states in DL and SpatialRelationInfo in UL. So we have following observation
Observation 10 : Depending on whether beam correspondence holds or not at UE side, the UE can be scheduled with an UL Tx beam which is not the corresponding DL Rx beam due to UL MPE issue.
With the observation above, it is possible to use different beam pairs or even different antenna panels for DL and UL. A UE can switch the UL beam or panel towards a new direction or even another TRP but still keep the DL beam if the current beam pair runs into a low UL coverage caused by the MPE restriction. 
Definition on UE antennas
Antenna panel definition
During offline discussions of RAN1#96bis, it was pointed out that RAN1 still does not have a clear definition of UE’s antenna panel(s). Because different UE vendors may implement UE antenna panels in different ways, the conventional panel definition, a physical antenna array with either single or dual polarization, doesn’t cover all aspects for panel-specific beam selection. The following conclusion was reached for informative purpose and companies have been given enough time to digest the consequences.
	Conclusion
· From RAN1 point of view, a “UE panel” would be a logical entity and how to map physical UE antennas to the logical entity is up to UE implementation. 
· (Informative) For certain condition(s), gNB can assume the mapping between UE’s physical antennas to the logical entity “UE panel” activated for transmission will not be changed 
· FFS: Whether “UE panel” is transparent to gNB
· FFS: UE capability includes at least the number of “UE panels”.
· FFS: Whether/how to define the certain condition(s)
· For example: The duration of time over which the gNB assumes there will be no change
· For example: Until next update or report from UE
· (Informative) Depending on UE’s own implementation, a “UE panel” can have at least the following functionality as an operational role of 
· Unit of antenna group to control its Tx beam independently


Furthermore, in the WID on multi-beam enhancement of Rel.17, features facilitating UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection are targeted. To achieve those goals, we have following 
Observation 11 : To enable an efficient implementation of features for Rel.17 UL multi-panel operation, a definition of “UE panel” is a prerequisite.
The definition of antenna panel may vary from implementation to implementation. However, to enable an effective multi-panel operation, we suggest that the definition of a UE panel shall be formulated in such a way that it can be associated with one or more of the properties listed below. 
UE panel properties
1. A UE panel supports Y beams
1. Whether a UE panel supports beam correspondence (BC)
1. A UE panel supports YRX independent Rx-beams (from the Y set of beams)
2. coherent 
2. non-coherent 
1. A UE panel supports YTX independent Tx beams (from the Y set of beams)
3. coherent 
3. non-coherent 
1. Each beam from a UE panel may support one or two polarizations when receiving
4. Single layer (coherent)
4. Dual layer (coherent or non-coherent)
1. Each beam from a UE panel may support one or two polarizations when transmitting
5. Single layer (coherent)
5. Dual layer (coherent or non-coherent)
1. A UE panel has an associated P-MPR
To enable the multi-panel operation and let UE select the optimal panel, a panel ID in addition to the spatial relation is necessary. This ID enables the UE to report the panel specific capability as listed above. In addition, some other UE panel properties are not listed above, e.g. supported beam widths, has not been discussed so much in RAN1 so far. However, we identify them as critical for further enhancement on multiple beam operation and coverage extension, which shall not be precluded in the discussion. Consequently, for a UE that supports multi-panel operation, the following capabilities or properties may also need to be further defined and have following proposal
UE panel related properties
1. A UE may have up to X1 UE panels
1. A UE panel has an associated UE panel ID
1. A UE supports NRx simultaneous Rx layers (coherent or non-coherent)*
1. A UE supports NTx simultaneous Tx layers (coherent or non-coherent)*
1. A panel has an activation-delay when in standby
1. Unit of UE panel group to control UL timing
1. Unit of UE panel group to control transmit power
*Partly defined in TS 38.214, section 6.2.6.2.
Proposal 26 : We suggest that definition of a UE panel and the related properties are addressed prior to further advancing discussions related to UE panel enhancements.
Analog beam definition
Besides UE antenna panel definition, we also observe that there is no definition of what a beam is. Though analog beamforming is highly up to UE implementation, but in our understanding, a beam can be defined as
Proposal 27 : A beam can be defined as a spatial filtering associated with one or two antenna ports carrying one or two layers separated in the polarization domain.
With the beam definition in hand, next one may consider whether to signal the UE capability on whether single or dual layer(s) are supported by a panel. In RAN4#90bis main session’s chairman notes, it was agreed to use 8 beams for an UL beam sweep in beam-correspondence test. In addition it was also agree to further study whether there is an advantage to specify the polarization aspect in the UL beam sweep. This may have system benefits both from a MU perspective as well as from a link level capacity perspective. Hence we have following
Proposal 28 : RAN1 needs to study and specify (if necessary) whether additional signaling is necessary when a beam can support up to two independent layers separated by polarization.
Conclusions
Finally, allow us to repeat our proposals to draw attention.
Proposal 1 : For determining UL Tx beam, support non-BM CSI-RS and/or non-BM SRS as source RS in unified TCI state.
Proposal 2 : To achieve the flexibility of DL and UL beam updating/indication, support separately configured unified TCI state pools per BWP, i.e. one for DL and the other one for UL. 
Proposal 3 : For Rel.17 UL power control, PL RS can be associated (concurrent but not include) with either joint TCI state or separate TCI state for UL, whereas the other PC parameters, i.e. P0/alpha/open-loop index could be associated with same TCI state on per channel/signal level.
Proposal 4 : For inter-band CCs, a common beam management procedure, including TCI states across bands, should be considered for data/control, DL/UL, multiple BWPs, multiple TRPs and multiple UE panels. 
Proposal 5 : The UE capabilities reporting related to simultaneously steering in the same direction beams belonging to CCs in different bands should be considered.
Proposal 6 : For the optimization of TCI states across bands, the polarization property of beams should be considered.
Proposal 7 : For L1/L2 signaling based mobility, support that unified TCI state can be pre-configured or associated with RS from non-serving cell 
· Recommendation to high layer design would be to incorporate PCI with QCL-Info or associate PCI with unified TCI state
Proposal 8 : The mobility RS configured in L3, i.e. SSB or CSI-RS for mobility, can be leveraged by UE for L1/L2 based mobility.
Proposal 9 : RAN1 studies and defines (if necessary) the L1 based mobility events and specifies (if needed) TCI state automatic activation after a UE conducts L1/L3 based reporting with certain conditions.
Proposal 10 : RAN1 studies and specifies (if necessary) the mechanism for unified TCI state activation/indication (L2/L1) before RRCReconfiguration is signaled in L3, if any.
Proposal 11 : RAN1 studies and designs UL DCI format to support separate UL beam indication using TCI state(s).
Proposal 12 : RAN1 should consider designing a new dedicated DCI format which conveys unified TCI state(s) from NW to UE and does not have to include DL assignment or UL grant information.
Proposal 13 : RAN1 continues to study the possibility to introduce GC-DCI to conveying DL TCI state(s) for a group of UEs.
Proposal 14 : For UL DCI carrying TCI state(s) for beam updating/indication, if supported, RAN1 consider to reuse the implicit HARQ procedure of dynamic grant PUSCH. 
Proposal 15 : For dedicated DCI only carrying unified TCI state(s), if supported, RAN1 should take HARQ procedure of SPS PDSCH release DCI as a starting point. 
Proposal 16 : For GC-DCI carrying unified TCI state(s) for a group of UEs, if supported, the HARQ procedure should be supported for each UE within the group. 
Proposal 17 : Regarding the application time of L1-based beam indication, if beam indication successfully decoded by a UE, support the 1st slot that is X ms or Y symbols after the UE acknowledges the joint or separate DL/UL beam indication (Alt2).
Proposal 18 : A panel ID combined with UL TCI (either joint TCI or separate TCI for UL) should be supported for UL fast panel operation.
Proposal 19 : RAN1 needs specification support on UE-initiated UL panel selection/activation, at least from signaling perspective.
Proposal 20 : Do not support NW-initiated panel selection/activation, unless the benefits for supporting this feature can be fully justified.
Proposal 21 : For UE supporting beam correspondence without UL beam sweeping, the following options can be considered
· Opt.1: a UE only report feasible DL RS and its L1-RSRP when considering MPE
· Opt.2: a UE carries out the DL beam measurement biased by power back off value(s), and makes MPE-aware beam reporting. 
Proposal 22 : For UE supporting beam correspondence with the aid of UL beam sweeping, UE carries out UL beam sweeping biased by potential power back off value(s) on SRS resource(s).
Proposal 23 : Associate the P-MPR values with the spatial relation for UL transmission to mitigate the coverage loss due to the MPE. 
Proposal 24 : Introduce a panel-specific P-MPR reporting associated to a panel ID. 
Proposal 25 : To avoid UL MPE issue, it would be beneficial for RAN1 to study and, if necessary, specify the mechanism of UE triggered UL beam/panel switch.
Proposal 26 : We suggest that definition of a UE panel and the related properties are addressed prior to further advancing discussions related to UE panel enhancements.
Proposal 27 : A beam can be defined as a spatial filtering associated with one or two antenna ports carrying one or two layers separated in the polarization domain.
Proposal 28 : RAN1 needs to study and specify (if necessary) whether additional signaling is necessary when a beam can support up to two independent layers separated by polarization.
Reference
[1] RP-193133, “New WID: Further enhancements on MIMO for NR”, Samsung
[2] [bookmark: _Ref47103287]3GPP TS 38.321, “Medium Access Control (MAC) protocol specification”
[3] [bookmark: _Ref47596349]	B. Xu, K. Zhao, Z. Ying, D. Sjöberg, W. He and S. He, "Analysis of Impacts of Expected RF EMF Exposure Restrictions on Peak EIRP of 5G User Equipment at 28 GHz and 39 GHz Bands," in IEEE Access, vol. 7, pp. 20996-21005, 2019.
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