Page 4
Draft prETS 300 ???: Month YYYY
	
	
	



3GPP TSG-RAN WG1 Meeting #107-e	Tdoc R1-2111786
e-Meeting, November 11th – 19th, 2021
Agenda Item:	8.1.1
Source:	Ericsson
Title:	Remaining issues on multi-beam enhancements
Document for:	Discussion
1	Introduction
During RAN#92e, a revised WID for Rel-17 feMIMO was agreed. [1]. The revised objective of the work item concerning enhancements to multi-beam operation reads:
1. 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 for intra-cell and inter-cell scenarios to support higher UE speed 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)
iv. For inter-cell beam management, a UE can transmit to or receive from only a single cell (i.e. serving cell does not change when beam selection is done). This includes L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
1. The beam indication is based on Rel-17 unified TCI framework
2. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
3. This work shall only consider intra-DU and intra-frequency cases
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 

During RAN1#106-e, multiple multi-beam agreements were made. This contribution will provide further input to the agreements and related topics.
[bookmark: _Ref178064866]2	Discussion
2.1	Unified TCI framework
2.1.1	Possible target RSs for the unified TCI
In RAN#106-e, the following agreement was made:
Agreement
On Rel.17 unified TCI framework, the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· Aperiodic CSI-RS resources for CSI
· FFS: Discuss if further restriction or further case is necessary
· Aperiodic CSI-RS resources for BM 
· FFS: Discuss if further restriction or further case is necessary
· FFS: Other CSI-RS time-domain behaviors and/or restriction(s)

In the agreement, there is an FFS on if periodic and semi-persistent CSI-RS can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC. As we see it, this should be possible, and propose:
[bookmark: _Ref78887151][bookmark: _Toc87018493]If the UE is not provided with qcl-InfoPeriodicCSI-RS for a periodic CSI-RS resource, the UE applies the QCL assumptions of the PDCCH/PDSCH when receiving the CSI-RS.
The field qcl-InfoPeriodicCSI-RS is optional in RRC, but so far, no default behavior has been defined. Proposal 1 would finally provide a solution to this unclarity. 
For semi-persistent CSI-RS, a similar paradigm can be used:
[bookmark: _Ref78887153][bookmark: _Toc87018494]If there is no TCI state in the SP CSI-RS/CSI-IM Resource Set Activation/Deactivation MAC CE, the UE applies the QCL assumptions of the PDCCH/PDSCH when receiving the CSI-RS.
For a CSI-RS used as source reference signal(s) in DL TCI, a TCI state must of course be provided.
In RAN1#106-e, the following agreement was reached: 
Agreement
The following working assumption is confirmed with revision in RED.
On Rel.17 unified TCI framework, for any DL RS that does not share the same indicated Rel-17 TCI state(s) as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC, but can be configured as a target DL RS of a Rel-17 DL TCI (hence the Rel-17 DL TCI state pool), Rel-17 mechanism(s) which reuse the Rel-15/16 TCI state update signaling/configuration design(s) are used to update/configure such DL RS(s) with Rel-17 TCI state(s).
· Applies for both intra-cell and inter-cell beam indication

The agreement implies there is no need to configure the UE with a mix of Rel-15/16 TCI states and Rel-17 TCI states. This is beneficial both from the NW point of view and the UE point of view. So far, there is no corresponding agreement for UL: if there is a desire to control the properties of UL transmissions that do not share the TCI state of UE-dedicated reception of PDSCH, the NW would have to resort to using spatial relations. This would be unfortunate. Therefore, we propose 
[bookmark: _Ref83645873][bookmark: _Toc87018495]For any UL signal/RS that does not share the same indicated Rel-17 TCI state(s) as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC, Rel-15/16 signaling can be used to provide the UE with UL or when applicable a joint TCI state instead of a spatial relation.
In practice, Proposal 3 means that
· A TCI state Id field is introduced in the SRS resource
· New MAC CEs are introduced to replace at least some of SP SRS Activation/Deactivation MAC CE, PUCCH spatial relation Activation/Deactivation MAC CE, Enhanced PUCCH Spatial Relation Activation/Deactivation MAC CE, Enhanced SP/AP SRS Spatial Relation Indication MAC CE, Serving Cell Set based SRS Spatial Relation Indication MAC CE.

Already in RAN1#103-e, the following agreement was made
Agreement
On Rel-17 unified TCI framework, to accommodate the case of separate beam indication for UL and DL:
· Utilize two separate TCI states, one for DL and one for UL. 
· FFS: Contents of separate UL TCI state
· Note: For FR1, UE does not expect UL TCI to provide a reference for determining common UL TX spatial filter(s), if UL TCI is supported for FR1 
· For the separate DL TCI: 
· The source reference signal(s) in M TCIs provide QCL information at least for UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· For the separate UL TCI:
· 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 
· [bookmark: _Hlk83728756]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
· FFS: Whether the UL TCI state is taken from a common/same or separate TCI state pool from DL TCI state
· Note that TCI state pool for joint DL and UL beam indication is still FFS
· FFS: Whether Rel.17 supports TCI configured for single channel (e.g. PDSCH only, single CORESET) 
· Note: This does not preclude the type of UE supporting only 1 beam tracking loop, i.e. UE reports value of 1 in UE FG 2-62.

An interesting part of this agreement is the statement that the common UL TX spatial filter(s) can optionally apply to all SRS resources in resource set(s) configured for antenna switching/codebook-based/non-codebook-based UL transmissions. We note that some clarification is required in this aspect: what does “optionally” mean?
The simplest way to support this optionality is that the UE would apply the common UL TX filter to an SRS resources unless it has been provided with an UL TCI state or a spatial relation:
[bookmark: _Toc87018496]The common UL TX spatial filter(s) are applied to any SRS resource in resource set(s) configured for antenna switching/codebook-based/non-codebook-based UL transmissions unless the SRS resource is provided with an UL TCI state, a joint TCI state or a spatial relation.
In RAN1#106-e, the following agreement was made:
Agreement
On Rel.17 unified TCI framework, for intra-cell beam indication, the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC: 
· DMRS(s) associated with non-UE-dedicated reception on CORESET(s) and the associated PDSCH 
· FFS (to be concluded in RAN1#106bis-e): Non-UE-dedicated PUCCH and non-UE-dedicated PUSCH
On Rel.17 beam indication enhancements for inter-cell beam management, the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) applies to:
· The channels and signals as for intra-cell beam management except for non-UE dedicated channels/signals 
· For the aforementioned applicable channels and signals, SSB associated with a physical cell ID different from that of the serving cell is used as an indirect QCL reference for DL TCI (in case of separate DL/UL TCI) or joint TCI, or an indirect/direct QCL reference for UL TCI (in case of separate DL/UL TCI)
· Note: When RS X is an indirect QCL reference of a target channel, there exists at least one other source signal on the QCL chain between RS X and the target channel. Here, Rel-15/16 QCL rule is reused by replacing SSB with SSB associated with a physical cell ID different from that of the serving cell
· For inter-cell beam management, the support of more than one Rel-17 active DL TCI state / QCL per band is a UE capability
· If UE does not support such capability, MAC-CE based beam indication (activation of one TCI state) can be used to switch between two different DL receptions along two different beams
· Note: The serving cell does not change when beam selection is done
· Note: This does not preclude the possibility for TA update on non-serving cell 
· FFS: For a UE supporting Rel.17 beam indication feature for inter-cell beam management, up to 5 CORESETs can be configured per BWP

The first part contains an FFS on non-UE-dedicated PUCCH and non-UE-dedicated PUSCH. For the downlink, non-UE-dedicated transmissions are transmissions intended for multiple UEs, i.e., for multiple receivers. For the UL, such a distinction does not exist there is only one receiver for the UL transmissions: the network. With that interpretation, there are no non-UE-dedicated UL transmissions. 
Overall, the common UL TX filter should be applicable to all UL transmissions in connected mode. Before the UE enters connected mode, the UL TX filter would be determined as in legacy:
[bookmark: _Toc87018497]The common UL TX filter is applicable to all UL transmissions in connected mode, unless explicitly configured with an UL TCI or a spatial relation.
2.1.2	Possible source RSs for the unified TCI
In RAN1#106bis-e, the following agreement was made:
Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI:
· For DL channels/signals that do not share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update), all the QCL rules defined in section 5.1.5 in 38.214 are supported
· [bookmark: _Hlk84321626]Note: For CSI-RS used to provide QCL indication for non-UE dedicated channels, the CSI-RS should only be QCLed with SSB of the same PCID as that from the serving cell
· For DL channels/signals that share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update), the following options on source RSs and QCL-Types are supported
· Option 1: TRS is configured for QCL-TypeA source RS and CSI-RS for BM is configured for QCL-TypeD source RS
· Option 2: TRS is configured for QCL-TypeA and QCL-TypeD source RS
· Note: For inter-cell beam management, SSB with PCID different from that from the serving cell can be used as a QCL Type-C/D source RS for CSI-RS for BM and/or TRS 
· [bookmark: _Hlk86732399]Further discuss and decide in RAN1#106bis-e whether CSI-RS for CSI can be used as a source RS or not, and if so whether some restriction(s) are needed

With this agreement, there is no need to update any of the QCL rules in 38.214, which will make the specification a lot clearer and easier to read. This makes a lot of sense: the properties of the reference signals are the same, and it is the properties of the reference signals that determine the QCL rules – not the way they are signalled.
One of the QCL rules from 38.214 is this:
Excerpt from 38.214, section 5.1.5:
For the DM-RS of PDCCH, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with the same CSI-RS resource, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without higher layer parameter repetition and, when applicable, 'typeD' with the same CSI-RS resource.

Hence, a Rel-15 UE can derive the required QCL properties to receive PDCCH DMRS from a CSI-RS for CSI acquisition. There is no reason why the UE could not use a CSI-RS signalled via the unified TCI framework for the same purpose. Hence we propose 
[bookmark: _Toc87018498]CSI-RS for CSI can be used as a source RS in the unified TCI framework.
2.2	Inter-cell beam management
2.2.1	Beam indication for non-serving cell
In RAN1#106-e, the following agreement was made:
Agreement
On Rel.17 unified TCI framework, for intra-cell beam indication, the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC: 
· DMRS(s) associated with non-UE-dedicated reception on CORESET(s) and the associated PDSCH 
· FFS (to be concluded in RAN1#106bis-e): Non-UE-dedicated PUCCH and non-UE-dedicated PUSCH
On Rel.17 beam indication enhancements for inter-cell beam management, the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) applies to:
· [bookmark: _Hlk83479878]The channels and signals as for intra-cell beam management except for non-UE dedicated channels/signals 
· For the aforementioned applicable channels and signals, SSB associated with a physical cell ID different from that of the serving cell is used as an indirect QCL reference for DL TCI (in case of separate DL/UL TCI) or joint TCI, or an indirect/direct QCL reference for UL TCI (in case of separate DL/UL TCI)
· Note: When RS X is an indirect QCL reference of a target channel, there exists at least one other source signal on the QCL chain between RS X and the target channel. Here, Rel-15/16 QCL rule is reused by replacing SSB with SSB associated with a physical cell ID different from that of the serving cell
· For inter-cell beam management, the support of more than one Rel-17 active DL TCI state / QCL per band is a UE capability
· If UE does not support such capability, MAC-CE based beam indication (activation of one TCI state) can be used to switch between two different DL receptions along two different beams
· Note: The serving cell does not change when beam selection is done
· Note: This does not preclude the possibility for TA update on non-serving cell 
· FFS: For a UE supporting Rel.17 beam indication feature for inter-cell beam management, up to 5 CORESETs can be configured per BWP

The agreement states that the Rel-17 inter-cell beam indication applies to the same channels and signals as for intra-cell beam management except for non-UE dedicated channels/signals. During RAN1#106-e, there was a long discussion on the definition of non-UE dedicated channels/signals and the connection to CORESETs and search spaces. Non-UE dedicated transmissions are transmissions intended for multiple UEs, for example system information broadcast, paging and random access response. These transmissions have the following property in common:
[bookmark: _Toc87018482]Non-UE dedicated transmissions are transmissions that may target multiple UEs and are scheduled using common search space sets.
The Rel-15/16 TCI states are associated with CORESETs: one CORESET is configured with a list of TCI state indices, and one CORESET can be included in both CSS and USS. This complicates the split of UE-dedicated and non-UE dedicated transmissions.
However, as discussed in section 2.3, the activated Rel-17 TCI states should not be associated with a CORESET: they should be associated with a UE. Since the TCI states are now decoupled from the CORESETs, the issues related to QCL assumptions for non-UE dedicated transmissions vanishes. We would simply define non-UE dedicated transmissions as transmissions scheduled using common search space sets:
[bookmark: _Toc87018499]Non-UE dedicated transmissions are transmissions scheduled by common search space sets.
The only other systematic solution would be to define non-UE dedicated signaling based on RNTIs, but the benefit is unclear, and we have only moved the problem: what RNTIs would correspond to non-UE-dedicated? Furthermore, it does not solve the paging issue that is discussed next: paging.  
From the discussion that led to the above agreement, it was clear that it was deemed complex to simultaneously monitor common search spaces from the serving cell and UE-specific search spaces from the other cell. However, the UE typically does not need to monitor CSS in connected mode. The UE does not need to read broadcast system information in connected mode, nor does it in general have to monitor for RAR under normal operation. The important exception is paging: the UE is required to monitor for Short Messages transmitted with P-RNTI over DCI, and the UE is only monitoring P-RNTI in a Type2-PDCCH CSS set. However, this restriction does not seem motivated, and would increase the UE complexity for the inter-cell beam management case. Therefore, we propose
[bookmark: _Ref86733047][bookmark: _Ref86733890][bookmark: _Ref86734806][bookmark: _Toc87018500]The UE can be configured to monitor for P-RNTI in USS.
We note that the specification impact of Proposal 8 is extremely limited. There is only a need to add P-RNTI to one paragraph in 38.213:
A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set can be a CSS set or a USS set. A UE monitors PDCCH candidates in one or more of the following search spaces sets
-	a Type0-PDCCH CSS set configured by pdcch-ConfigSIB1 in MIB or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type0A-PDCCH CSS set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type1-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a RA-RNTI, a MsgB-RNTI, or a TC-RNTI on the primary cell
[bookmark: _Hlk86734872]-	a Type2-PDCCH CSS set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a P-RNTI on the primary cell of the MCG
-	a Type3-PDCCH CSS set configured by SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, or CI-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, CS-RNTI(s), or PS-RNTI and
-	a USS set configured by SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific for DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, CS-RNTI(s), SL-RNTI, SL-CS-RNTI, P-RNTI, or SL Semi-Persistent Scheduling V-RNTI.

One alternative that was mentioned in RAN1#106bis-e was to require that the UE monitors a Type2-PDCCH CSS set from the non-serving PCI. From a functionality point of view, this may look similar to Proposal 8, but it blurs what non-UE-dedicated signaling means. If a Type2-PDCCH set is considered to be UE-dedicated, why should not the transmissions scheduled by other CSS sets be considered UE-dedicated?
Finally, we note that Proposal 8 opens up for reduced UE complexity – the UE will not have to monitor P-RNTI in a Type2-PDCCH CSS set when served by another PCI.
2.2.2	Beam measurements for non-serving cell
In RAN1#106-e, the following agreement was made:
Agreement 
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for inter-cell beam management and inter-cell mTRP, in RAN1#106bis-e, select one of the following alternatives:
· Alt1. Support L1-based event-driven beam reporting for inter-cell beam management and inter-cell mTRP
· Alt2. Support MAC CE based event-driven beam reporting for inter-cell beam management and inter-cell mTRP
· Alt3. In Rel-17, event-driven beam reporting is not supported for inter-cell beam management and inter-cell mTRP

Sometimes, it is suggested that event-driven reporting will be faster than NW-initiated reporting. This is not true in general: the latency is determined by the reporting mechanism, not by the measurement. Since there are no reserved UL resources, any event-driven reporting will suffer from the resource request delay:
[bookmark: _Toc87018483]Event-driven reporting is slower than NW-initiated reporting.
We also note that event-driven reporting is limited to periodic reference signals.
Instead, the benefit of an event-driven mechanism is reduction of reporting overhead, since the measurement reports are only transmitted when certain conditions are fulfilled:
[bookmark: _Toc87018484]The only benefit of event-driven reporting is overhead reduction. 
Note that the overhead reduction comes at the cost of increased latency.
So far there has been no discussion on reporting overhead, let alone any evaluations of reporting overhead. In fact, there have been no evaluations at all of event-driven reporting. On the other hand, experience from previous generations have shown that the parameters that control the reporting are very difficult to tune. The optimal filtering parameters and triggering thresholds depend on characteristics of the individual connection, and those properties are unknown to the NW. Furthermore, there is currently no event-driven reporting mechanism defined on L1, (except for beam recovery), and in contrast to the event-driven reporting on L3, there is no reporting mechanism defined on L1/L2 – since MAC CE does not trigger SR. Since the benefits are unclear, and the specification impact would seem large, we propose
[bookmark: _Toc87018501]Do not introduce event-driven reporting on L1/L2 in Rel-17.
Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, decide by RAN1#106-e whether to support the following RS types as measurement RS or not:
· CSI-RS for mobility/RRM associated with a non-serving cell  
· CSI-RS for BM associated with a non-serving cell  
· CSI-RS for tracking associated with a non-serving cell  
Note: If another beam metric other than L1-RSRP is supported (e.g. L3-RSRP is still FFS), the above also applies
Note: An RS is associated with a non-serving cell means that it is either configured for a non-serving cell or configured for a serving cell but is QCLed with a non-serving cell SSB.

Again, in an effort to align with intra-cell beam management, we propose to support measurements on CSI-RS for BM associated with a non-serving cell:
[bookmark: _Ref78807799][bookmark: _Toc87018502]Support L1-RSRP measurements on CSI-RS for BM associated with a non-serving cell.
Note that there is no additional specification impact of Proposal 10: the modification of the TCI states required to support inter-cell beam indication provides the necessary signaling support for L1-RSRP measurements on CSI-RS for beam management.
We do not see the benefit to introduce support for measurements on CSI-RS for mobility or CSI-RS for tracking for inter-cell beam management.
2.3	Remaining detail on the TCI signalling mechanism design
There is also another important issue related to the TCI state signalling. For Rel-15/16, the TCI states are configured in the PDSCH-Config. A subset of the configured TCI states is then activated by MAC CE, and subsequently indicated using DCI. This procedure is quite like the agreed procedure for the Rel-17 TCI states.
In Rel-15/16, there is also a possibility to configure TCI states in the CORESETs (except for CORESET#0), and to indicate a TCI state per CORESET. Different TCI states can be activated for different CORESETs. We see no reason why this configuration possibility should be extended to the Rel-17 TCI states – after all, the idea with the Rel-17 work was to streamline the signalling. Based on this, we propose that
[bookmark: _Toc87018503]It is not possible to configure or activate Rel-17 TCI states for individual CORESETs: the Rel-17 TCI states are activated per UE and CC.
2.4	Fast UL panel switching and MPE mitigation 
2.4.1	Fast UL panel switching
One topic that has been discussed back and forth during Rel-16 and Rel-17 is the introduction of an explicit panel ID. Fundamentally, we could consider the extreme case where the NW has full control over all the UE panels, and full information about all properties about all the UE panels. The NW could perform ideal scheduling on any of the UE panels. Essentially, the UE would turn into multiple UEs that the NW would have to schedule individually, but with some dependency for instance on transmit power and frequency allocations. The scheduling problem faced by the NW resembles the scheduling problem of UL CA, and the NW complexity would be of a similar magnitude:
[bookmark: _Toc87018485]From a NW complexity point of view, UL multi-panel scheduling is similar to UL CA scheduling. 
Since the NW complexity of UL CA scheduling is high, there should be clear and significant benefits with UL multi-panel scheduling using an explicit panel identifier. UE Tx panels have been discussed during both Rel-16 and Rel-17, EVMs have been agreed, and simulations have been performed. In all these discussions, there has been no indication that an explicit panel identifier would be beneficial. What some (but not all simulations) have shown is that there is sometimes beneficial that the UE transmits in UL from another panel than the UE receives in DL. Such UL transmissions can be achieved using UL TCI states, i.e., by using references to DL or UL RSs. The benefits of an additional panel identifier have so far not been demonstrated. 
[bookmark: _Toc87018486][bookmark: _Hlk71621971]There has been no evidence that an explicit panel identifier provides any additional benefits compared to just steering UL transmissions using UL or joint DL/UL TCI.
Hence, the benefits of directly scheduling UL transmissions on a panel have not been demonstrated, and the complexity of such a solution would be high. 
Since there have been no indications that an explicit panel ID would be beneficial, and since previous RAN1 agreements state that UL scheduling can only be performed using UL or joint DL/UL TCI, we do not see any motivation to add an explicit panel identifier, and propose
[bookmark: _Toc87018504]No additional specification support is introduced for UE Tx panel selection on top of the agreed Rel-17 TCI state signalling. 
Lately, the focus of the panel discussion has been on the potential support of a case where different panels have different hardware capabilities, in particular related to different number of UL MIMO layers. This was discussed during RAN1#106bis-e, with the following FL proposal: 
Proposal 4.A: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection,  
· Support the UE reporting a list of UE capability values [without repetition] 
· FFS: Whether each UE capability value comprises the number of SRS ports, number of UL transmission layers, coherence type, TPMI, or number of SRS resources within one SRS resource set 
· FFS: Whether the UE capability value set can be common across a set of BWPs/CCs
· The correspondence between a CSI-RS and/or SSB resource index and a UE capability value from the reported list of UE capability values is determined by the UE (analogous to Rel-15/16) and is informed to NW in a beam reporting instance. 
· The Rel-15/16 beam reporting is reused, i.e. L1-RSRP and L1-SINR along with the companion SSBRI/CRI (up to 4 pairs, with 7-bit absolute and 4-bit differential) with the correspondence information included in the beam reporting UCI
· Support multiple codebook-based SRS resource sets with different  number of SRS ports
· [FFS: The indicated SRI is based on the SRS resources corresponding to one SRS resource set which is selected by the UE and aligned with the UE capability based on the informed correspondence]

For the first bullet, there are two open issues: 
Should the list of UE capability values be without repetition? If we focus on the use case that has been explained, it would be sufficient to report the number of UL layers the UE can support. There is no point for the UE to report multiple instances of the support of a certain number of UL layers – the NW would anyway schedule that number of layers. The only reason to include multiple values in the list is as a placeholder for future functionality, which is something that should be avoided:
[bookmark: _Toc87018487]The only reason to include repetitions in the UE capability value list is for future functionality.
Introducing such placeholders should be avoided, since it unnecessarily limits future specification. In Rel-17, it would only lead to larger specification effort, without any benefit.
[bookmark: _Toc87018505]Do not allow repetitions in the UE capability list.
Should the UE report a list of capabilities, or a list of capability sets? The use case that was explained is that maximum number of UL MIMO layers would be different for different panels. The UE could report a quantity that describes the maximum number of layers that can be supported. The capabilities that already exist in the specification are
· maxNumberMIMO-LayersCB-PUSCH
· maxNumberMIMO-LayersNonCB-PUSCH

It would make sense to reuse a similar paradigm here for the maximum number of MIMO layers. We note that if we were to use the number of SRS ports, it would simply be a renaming, since support of multiple UL MIMO layers requires more than just the support for a certain number of SRS ports. Since codebook-based UL transmission is more common, we propose
[bookmark: _Toc87018506]The list of capabilities would include at least maxNumberMIMO-LayersCB-PUSCH.
Other capabilities that affect the UL transmission could also be included, for example pusch-TransCoherence. Note that pusch-TransCoherence is reported per band, whereas the number of UL layers is reported per FSPC: 
[bookmark: _Toc87018488]Some of the proposed capabilities are reported per FSPC, whereas other are reported per band.
This would complicate the design. We also note there is a need to agree on those parameters soon. Still, if there are important parameters to include in the reporting, we would be open to discuss them.
There are three other issues that need to be discussed. Since the foreseen use case is that the different panels have different hardware capabilities, it is reasonable to assume that also the DL reception capabilities change, for example the number of DL layers. This issue is not solved by introducing SRS resource sets with different number of ports. Fortunately, this problem was studied in the UE power saving WI, and there it was agreed to rely on the BWP framework to handle this issue. It would seem that the exact same solution could be reused here to handle the UL case:
[bookmark: _Toc87018507]Reuse the BWP framework to change the number of layers for the UL transmission.
It then becomes unnecessary to introduce SRS resources/resource sets with different number of ports.
The other issue that is important to sort out is the activation time. The foreseen solution is that the UE includes information that would assist the NW in choosing the parameters, e.g., the number of UL layers, for an upcoming UL transmission. The question is then when the (new) parameters become applicable. Clearly, it would have to depend on the report – if the UE changes the maximum number of layers without a relation to a report, there is no need for a report. 
One possible solution is that the new transmission parameters are applied for UL transmissions scheduled some time after the report was received. The delay could be 0, or configurable. The advantage with this method is that it would be possible to update the transmission parameters even when there is no change in the TCI state: it the UE rotates, the TCI state would stay the same. On the other hand, there is no ACK of the report, so there is no guarantee that the report has reached the NW:
[bookmark: _Ref86764000][bookmark: _Toc87018489]If the application time is based on the timing of the report, the transmission parameters can be updated even when there is no TCI state update. On the other hand, there is no ACK of the report.
The other option would be that the transmission parameters when the TCI state is updated to the reported RS. It is not completely clear how this would work, since the RSs that can be reported are CSI-RS for BM and SSB, and the most common QCL sources are TRS. Perhaps this can be circumvented for SSB by relying on indirect QCL, but the formulations around indirect QCL seem to be remarkably difficult to capture in specification. If the measurements are performed on CSI-RS for BM, there is no relation to TRS or SSB. Still, this procedure is in line with how the spatial properties are signalled and activated – there is no additional BAT. But perhaps the biggest shortcoming is that the transmission parameters can only be updated when the TCI state is updated.
[bookmark: _Toc87018490]If the transmission parameters are updated when the TCI state is updated, the transmission parameters can only be updated when the TCI state is updated, and only based on SSB reports – not based on CSI-RS reports.
The risk of misunderstanding between the NW and the UE is smaller in this case, even if there may be complications if the NE uses as combination of SSB reports and CSI-RS reports.
A third option is that the NW relies on the BWP switch in response to the report. With this, there is no risk for misunderstanding, and reporting based on any RS can be used:
[bookmark: _Ref86764004][bookmark: _Toc87018491]If the timing is based on a BWP switch, the risk of misalignment is eliminated, and any type of measurement TS can be used. 
Based on Observation 8 – Observation 10, we propose
[bookmark: _Toc87018508]The timing of the transmission parameter change is based on the BWP framework.
We finally remark that the UE cannot change the transmission parameters because of a P3 procedure, either based on SSB or on CSI-RS with repetition ‘on’:
[bookmark: _Toc87018492]The UE cannot change the transmission parameters based on a P3 procedure.
Finally, the final bullet in the FL proposal states that multiple SRS resource sets will be defined, where the SRS resources in the different SRS resource sets have different number of ports. Such a scheme will complicate the NW scheduling of the UL transmissions, since the SRS resource set will also have to be indicated in DCI. In other words, it will be unnecessarily rigid. To overcome this limitation, we instead propose to reuse the design from UL full power, where one SRS resource set can contain SRS resources with different number of ports:
[bookmark: _Toc87018509]Support that one SRS resource set can contain SRS resources with different number of ports.
In Rel-15/16, the measurements reports sent by the UE provide the network with information to handle the communication. The network controls the spatial properties of the reception and transmission using TCI states and spatial relations. The NW may choose to activate TCI states, which means that the UE must be prepared to receive using the panel corresponding to the activated TCI states after a short delay. 
We propose to extend this interpretation to the unified TCI framework: a UE must be prepared to receive on a panel corresponding to an activated DL TCI state, and must be prepared to transmit on a panel corresponding to an activated UL or joint DL/UL TCI state:
[bookmark: _Toc87018510]After a small delay, the UE must be prepared to receive on a panel corresponding to an activated DL TCI state, and must be prepared to transmit on a panel corresponding to an activated UL TCI state.
With this approach, the UE can freely deactivate only panels that do not correspond to activated TCI states. Panels that correspond to activated TCI states cannot be freely deactivated. However, the activated TCI states would correspond to useful beam pair links, and the UE should typically not deactivate panels corresponding to useful beam pair links. (Nor does the NW activate TCI states corresponding to useless beam pair links.) The UE is of course still allowed to reduce the transmit power on certain panels to comply with regulatory requirements. This may simply lead to degraded performance for some transmissions. 
2.4.2	MPE mitigation
In RAN1#106bis-e, the following was agreed:
Agreement:
On Rel.17 enhancements to facilitate MPE mitigation, support the following enhancement on the Rel-16 event-triggered P-MPR-based reporting (included in the PHR report when a threshold is reached, reported via MAC-CE):
· In addition to the existing field in the PHR MAC-CE, N≥1 P-MPR values can be reported 
· The N P-MPR values are reported together with the following: 
· For each P-MPR value, up to M SSBRI(s)/CRI(s), where the SSBRI(s)/CRI(s) is selected by the UE from a candidate SSB/CSI-RS resource pool (FFS: how to perform the selection) 
· Support M=1

However, it is still FFS how the UE chooses the N reported P-MPR values. Here it is important that the UE chooses to report (P-MPR,SSBRI/CRI) pairs in a predictable way. Without any such rule, there would not be any need to define any new report – the Rel-15 beam report could have been used, and the UE could select SSBRI/CRIs as it likes.
Here we propose that the UE would report the SSBRI/CRI which would result in the highest normalized UL-RSRP:
Normalized UL-RSRP = L1-RSRP – P-MPR.
[bookmark: _Toc87018511]The UE reports the SSBRI/CRI that would result in the highest L1-RSRP – P-MPR.
[bookmark: _Hlk61857909]2.6 RRC parameters
In [6], an initial list of RRC parameters was collected. Here we provide a discussion based on that initial proposal. Before diving into the details, we would like to give two general comments:
1. When providing RAN2 with the list of parameters, it is important to be precise, while still giving RAN2 enough freedom to design the signaling. RAN2 takes many aspects into account when designing the signalling, and if the instructions from RAN1 are unnecessarily verbose, the signalling design may be inefficient. It is also important to provide RAN2 with sufficient background on the functionality.
2. Legacy should be considered. It may be more efficient to extend existing RRC IEs/fields than defining new ones, meaning that we should strive for making the changes at lower levels in the RRC structure. For example, RAN1 should not propose to define a new ControlResourceSet, just because one of the fields inside ControlResourceSet changes. 
These two bullets can also be combined: RAN1 should indicate if there is a possibility to reuse and extend current signalling, to let RAN2 make the final decision.
2.6.1	The TCI state
In RAN1#106bis-e, the following was concluded:
Conclusion 
On Rel.17 unified TCI framework, in case of separate DL/UL TCI, it is up to RAN2 whether UL TCI shares the same TCI state pool as joint DL/UL TCI or UL TCI uses a separate TCI state pool from joint DL/UL TCI
· Note: By previous agreements, DL TCI shares the same TCI state pool as joint DL/UL TCI

To make it possible for RAN2 to make a proper design, it is important that RAN1 provides the correct information about the contents of an UL TCI state – otherwise RAN2 cannot decide for same of different pools. The UL TCI state would contain the following fields:
· UL TCI state Id
· Cell Id
· Reference signal
· Pathloss RS
· Additional PCI info
[bookmark: _Toc87018512]Include the information about the contents of an UL TCI state in the updated LS. Also highlight that DL TCI shares the same TCI pool as joint DL/UL TCI.
2.6.2	The power control parameters
RAN1 has agreed that the setting of (P0, alpha, closed loop index) can be associated with UL or (if applicable) joint TCI state. Different settings can be used for PUSCH, PUCCH and SRS. However, there is no need to define separate IEs to hold the power control parameters: we can reuse one structure. This will reduce overhead, in particular for the case when the power control parameters are the same for PUSCH, PUCCH and SRS. Hence, we propose
[bookmark: _Toc87018513]Define one RRC IE that includes the power control parameters p0, alpha and CLId.
In ASN.1, this would look something like
P0-Alpha-CLId-Set ::=               SEQUENCE {
    p0-Alpha-CLIdSetId                 P0-Alpha-CLIdSetId,
    p0                                  INTEGER (-16..15)                                                       
    alpha                               Alpha
    closedLoopIndex           			ENUMERATED { i0, i1 }                                                               
}

To associate power control parameters with a certain TCI state, we would use P0-Alpha-CLIdSetId, irrespective of which channel is associated with the power control parameters.
2.6.3	Measurements for inter-cell beam management 
Due to recent agreements, the measurements for inter-cell beam management are very similar to the intra-cell beam reporting. There seems to be no reason to introduce new parameters for the following:
· InterCellBeamMetrics: the parameter nrofReportedRS can be reused
· InterCellReportType: the CSI framework can be reused
There is no need to introduce any RRC parameter to enable inter-cell measurement on CSI-RS – this is possible just by the extension of the TCI state with additional PCI info. There is however a need to introduce the possibility to perform measurements on SSB associate with another PCI.
The NW configures the UE to perform measurements on SSBs by using the RRC IE CSI-SSB-ResourceSet. In Rel-16, an CSI-SSB-ResourceSet contains a list of SSB indices, implicitly pointing to the current serving cell. The CSI-SSB-ResourceSet is then referenced from the CSI-AssociatedReportConfigInfo (for aperiodic reporting) or from CSI-ResourceConfig (for periodic and semi-persistent reporting).
It would thus seem appropriate to include the non-serving cell SSB configuration in the CSI-SSB-ResourceSet. With this addition, the UE can be configured to report using periodic, semi-persistent and aperiodic reporting. Also, in this case, there are two options: 
1. The non-serving cell SSB configuration is included directly in the CSI-SSB-ResourceSet, meaning that all SSBs in one CSI-SSB-ResourceSet belong to the same non-serving cell. 
2. The non-serving cell SSB configuration is included in the field csi-SSB-ResourceList, inside the CSI-SSB-ResourceSet. This means that one CSI-SSB-ResourceSet can contain SSBs from different cells.              
Here it would seem that the second option is preferable: the first option may be prohibitively complicated. Thus, we propose
[bookmark: _Toc87018514]Define the CSI-SSB-ResourceSet so that one report can contain measurements from different cells.
2.6.4	Non-serving cell information
To support beam indication associated with cell(s) with any Physical Cell ID(s), information on non-serving cells must be associated with a TCI state. The next step is to decide
· What non-serving cell info should be incorporated?
· How should it be incorporated?

This has been discussed at length in the inter-cell mTRP agenda item, and this has resulted in the proposed RRC parameter AdditionalPCIInfo…, containing PCI, SSB time domain location, SSB periodicity and SSB transmission power. We think this is appropriate also for inter-cell beam management:
[bookmark: _Toc87018515]Reuse the RRC parameter AdditionalPCIInfo… also for inter-cell beam management.
2.6.5	Signalling to replace spatial relations
If we want to replace spatial relations with UL TCI states, a TCI state field needs to be included in any IEs where we today have spatial relations. Interestingly enough, this is only needed in the SRS-Resource.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Non-UE dedicated transmissions are transmissions that may target multiple UEs and are scheduled using common search space sets.
Observation 2	Event-driven reporting is slower than NW-initiated reporting.
Observation 3	The only benefit of event-driven reporting is overhead reduction.
Observation 4	From a NW complexity point of view, UL multi-panel scheduling is similar to UL CA scheduling.
Observation 5	There has been no evidence that an explicit panel identifier provides any additional benefits compared to just steering UL transmissions using UL or joint DL/UL TCI.
Observation 6	The only reason to include repetitions in the UE capability value list is for future functionality.
Observation 7	Some of the proposed capabilities are reported per FSPC, whereas other are reported per band.
Observation 8	If the application time is based on the timing of the report, the transmission parameters can be updated even when there is no TCI state update. On the other hand, there is no ACK of the report.
Observation 9	If the transmission parameters are updated when the TCI state is updated, the transmission parameters can only be updated when the TCI state is updated, and only based on SSB reports – not based on CSI-RS reports.
Observation 10	If the timing is based on a BWP switch, the risk of misalignment is eliminated, and any type of measurement TS can be used.
Observation 11	The UE cannot change the transmission parameters based on a P3 procedure.
Based on the discussion in the previous sections we propose the following:
Proposal 1	If the UE is not provided with qcl-InfoPeriodicCSI-RS for a periodic CSI-RS resource, the UE applies the QCL assumptions of the PDCCH/PDSCH when receiving the CSI-RS.
Proposal 2	If there is no TCI state in the SP CSI-RS/CSI-IM Resource Set Activation/Deactivation MAC CE, the UE applies the QCL assumptions of the PDCCH/PDSCH when receiving the CSI-RS.
Proposal 3	For any UL signal/RS that does not share the same indicated Rel-17 TCI state(s) as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC, Rel-15/16 signaling can be used to provide the UE with UL or when applicable a joint TCI state instead of a spatial relation.
Proposal 4	The common UL TX spatial filter(s) are applied to any SRS resource in resource set(s) configured for antenna switching/codebook-based/non-codebook-based UL transmissions unless the SRS resource is provided with an UL TCI state, a joint TCI state or a spatial relation.
Proposal 5	The common UL TX filter is applicable to all UL transmissions in connected mode, unless explicitly configured with an UL TCI or a spatial relation.
Proposal 6	CSI-RS for CSI can be used as a source RS in the unified TCI framework.
Proposal 7	Non-UE dedicated transmissions are transmissions scheduled by common search space sets.
Proposal 8	The UE can be configured to monitor for P-RNTI in USS.
Proposal 9	Do not introduce event-driven reporting on L1/L2 in Rel-17.
Proposal 10	Support L1-RSRP measurements on CSI-RS for BM associated with a non-serving cell.
Proposal 11	It is not possible to configure or activate Rel-17 TCI states for individual CORESETs: the Rel-17 TCI states are activated per UE and CC.
Proposal 12	No additional specification support is introduced for UE Tx panel selection on top of the agreed Rel-17 TCI state signalling.
Proposal 13	Do not allow repetitions in the UE capability list.
Proposal 14	The list of capabilities would include at least maxNumberMIMO-LayersCB-PUSCH.
Proposal 15	Reuse the BWP framework to change the number of layers for the UL transmission.
Proposal 16	The timing of the transmission parameter change is based on the BWP framework.
Proposal 17	Support that one SRS resource set can contain SRS resources with different number of ports.
Proposal 18	After a small delay, the UE must be prepared to receive on a panel corresponding to an activated DL TCI state, and must be prepared to transmit on a panel corresponding to an activated UL TCI state.
Proposal 19	The UE reports the SSBRI/CRI that would result in the highest L1-RSRP – P-MPR.
Proposal 20	Include the information about the contents of an UL TCI state in the updated LS. Also highlight that DL TCI shares the same TCI pool as joint DL/UL TCI.
Proposal 21	Define one RRC IE that includes the power control parameters p0, alpha and CLId.
Proposal 22	Define the CSI-SSB-ResourceSet so that one report can contain measurements from different cells.
Proposal 23	Reuse the RRC parameter AdditionalPCIInfo… also for inter-cell beam management.
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