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Introduction
RAN4 starts Rel-17 feMIMO WI discussion from work plan in this meeting and identifying RRM core requirements and demodulation to be specified the details of requirements. The WI description [1] proposes mainly 4 objectives:
1) Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1
2) Enhancement on the support for multi-TRxP deployment, targeting both FR1 and FR2
3) Enhancement on SRS, targeting both FR1 and FR2
4) Enhancement on CSI measurement and reporting
Each objective includes multiple sub-topics. In the following sections we provide our initial view and propose discussion points.
Also, In RAN4#98 and RAN4#98bis, RAN4 received two LSs on Rel-17 feMIMO WI.
· R1-2104142    LS on Timing Assumption for Inter-Cell DL Measurement, Samsung, RAN1#104bis-e
· R1-2102248    LS on TCI State Update for L1/L2-Centric Inter-Cell Mobility, RAN1#104-e
RAN4 has discussed about L1/L2-Centric Inter-Cell Mobility in the last meeting without conclusion yet. Further discussions were captured in WF [5]. In this contribution, we provide our view on the two LS replies.
We merge two discussions (work plan for feMIMO RRM +LS discussion) into one paper.

Discussion
In this paper we initially take a look at possible RAN4 impact and work needed within the FeMIMO WI. We look at each objective separately. Additionally, we continue the discussion regarding the incoming LS from RAN1 related L1/L2 mobility.
Enhancement on multi-beam operation
This objective related to enhancement on multi-beam operation includes following two sub-objectives:
1. 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:
a. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
b. Unified TCI framework for DL and UL beam indication
c. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
2. 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 

DL/UL beam management
· [bookmark: _Hlk71634998]Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management
RAN1 has been working on improving the DCI based TCI state switching. The work involves enabling the use of DCI based TCI state switch for one or more channels simultaneously. As part of this work RAN1 is discussing introducing common beam management and unified beam management.
Common beam: This enables the network to change the TCI state of more than 1 channel using one TCI command. Hence, with a single TCI state switch command the TCI state is changed for more than one channel. The channels can be either DL and/or UL channels including PDCCH, PDSCH, PUCCH and PUSCH. The work also includes enabling change of the PDCCH TCI state by use of DCI.
RAN4 needs to develop related TCI state switch delay requirements related to the Rel-17 common beam management agreements.
Unified TCI framework: Within the unified TCI state framework, RAN1 is introducing the possibility to change both UL and DL independently or simultaneously. We assume that if the TCI state switch only includes switch of one TCI state (either UL or DL) existing TCI state switch delay requirements may still be readily re-usable. RAN4 would need to discuss if new TCI state switch delay requirements would be needed in case both UL and DL TCI state is switched simultaneously.
RAN4 needs to discuss if new TCI state switch delay requirements are needed based on the RAN1 agreements for unified TCI framework.

UL beam selection with multiple panels
· 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
Regarding UL beam selection, this topic is still under discussion in RAN1 with no agreements yet. Both MPUE and MPE topics are being addressed. While MPUE deals with network indication of specific information associated to different states, MPE deals with enhancing UL beam selection. 
If the agreements in RAN1 lead to that there is a need for UE assistance information to mitigate MPE (e.g. UE would need to assist the gNB with some measurements related to the UL selection related to MPE with e.g. virtual PHR associated to activated TCI or to SSBRI/CRI and/or with e.g. enhanced L1-RSRP reporting) we expect that RAN4 will need to develop related minimum requirements for such assistance information.
Observation 1: RAN1 is still discussing UL beam selection for UEs with multi-panels. A UE may need to assist the gNB with measurements related to the UL selection related to MPE. RAN4 will need to wait for further detailed agreements from RAN1.

Enhancement on the support for multi-TRxP deployment
 This objective related to enhancement on the support for multi-TRP deployment includes following sub-objective:
1. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRxP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRxP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework

PDCCH/DCI decoding related 
RAN1 introduced PDCCH repetitions via different TRxP. Here, two PDCCH candidates are linked with each other, and they are configured in different SS sets that are associated with corresponding CORESETs. As corresponding CORESETs can have different TCI states, the PDCCH repetition can be supported with different TCI states. There is good progress on the discussion details in RAN1. Most of the discussion/agreements are related to how the linking of PDCCH work, which PDCCH candidates use as the reference PDCCH in RAN1 specs, and other RAN1 specific details. One possible discussion that might impact RAN4 discussion may be the decoding assumptions of the linked PDCCH candidates. RAN1 discussed that the UE might assume different decoding assumptions where the blind decoding counting may impact. RAN1 introduced a capability of reporting the blind decoding counting candidate values, and test cases in RAN4 may have to check further into these.  
RAN1 also has a discussion related to inter-cell multi-TRP operation, where the discussion is to extend the Rel-16 multi-DCI based multi-TRxP operation also for inter-cell scenario. The beam measurement and reporting framework agreed on L1/L2 centric mobility is also applicable for inter-cell multi-TRxP operation. It was also agreed that non-serving cell SSB information are needed in inter-cell mTRxP operation (at least SSB time domain position, SSB transmission periodicity, SSB transmission power), however it is not agreed where this information should be carried to the UE (by SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject). Moreover, one additional PCI different from the serving cell PCI can be supported per CC, where this additional PCI can be associated with one or more TCI states that are activated for PDSCH/PDCCH. The details on how one PCI associated with CORESETPoolIndex are still open. Overall, there may have some impacts on RAN4, but the details are not in a very stable stage in RAN1 yet and the inter-cell mTRxP measurement and reporting may depend on the agreements of L1/L2 centric mobility. 
Proposal 3: Although it seems early to specify clear UE behaviors from RAN1 discussion, UE requirements associated with inter-cell multi-TRP operations and multi-DCI based multi-PDSCH reception needs to be defined in RAN4. However, RAN4 need to wait for further agreements in RAN1.

Multi-TRxP UL transmissions (PUCCH and PUSCH)
Multi-TRxP UL transmissions, for both PUCCH and PUSCH, are introduced in RAN1 to improve the reliability: 
- On M-TRxP PUCCH, a PUCCH resource containing UL control information (UCI) can be repeated in a TDMed manner using two UL beams, i.e. two spatial relation info activated/indicated per PUCCH resource (activated via MAC-CE),  in FR2 or using two power control sets per PUCCH resource in FR1. 
- M-TRxP PUSCH schemes have a similar framework as the m-TRxP PUCCH schemes, where TDMed PUSCH repetition is considered towards two TRxPs. Different variants are considered in RAN1, such as enhancements on both grant-based (single-DCI PUSCH repetition Type A and Type B with code-book and non-code-book) and configured grant (CG) based (both Type 1 and Type 2) PUSCH repetition with two UL beams (or power control sets) indicated via SRIs
Observation 2: RAN1 is still discussing aspects regarding reliability improvement on multi-TRxP UL transmissions for both PUCCH and PUSCH.  

 Beam-management for multi-TRP transmission
RAN1 has discussed beam-management-related enhancements for simultaneous multi-TRxP transmission with multi-panel reception. To avoid UE’s selection of two beams for group-based beam reporting, gNB indicates the association of CMRs to TRxPs by means of grouping of CMRs in a CSI-report setting, and UE should select two beams for group-based beam reporting from different CMR groups (i.e. different TRxP). Also, the number of beam pair to be reported for group-based beam reporting increases at least two pairs (FFS: up to 4 beam pairs). In addition, RAN1 has agreed to support per-TRxP beam failure recovery. Mechanism of beam failure detection and related measurements supporting per-TRxP beam failure recovery may need to be studied in RAN4. 
Proposal 4: RAN4 needs to discuss new UE requirements related measurement and reporting of beam-management-related enhancements for simultaneous multi-TRxP transmission with multi-panel reception. Additionally, RAN4 will need to include discussion UE measurement capabilities.

HST-SFN deployment related
RAN1 identified the problem of large frequency offset of signals employing SFN transmission at UE receiver in HST scenario. To overcome the performance degradation from this problem, RAN1 agreed to introduce two enhanced HST-SFN schemes, and they are UE-based scheme and network-based scheme. For UE-based scheme, two TRxPs are employed for SFN transmission of PDCCH/PDSCH (including DM-RS) while each TRxP transmits its own TRS by non-SFN manner. New QCL relation is defined, i.e. PDCCH/PDSCH is QCLed with type-A with two TRSs. When UE is configured for this scheme and if the UE is indicated with two TCI states for PDCCH/PDSCH by MAC-CE or DCI, UE derives the channel estimation parameter from two TRSs.  For network-based scheme, based on Doppler shift estimation in UE or two TRxPs, TRxP will transmit PDCCH/PDSCH with frequency pre-compensation. The frequency pre-compensation is applied for reducing the difference of the frequency offset for signals from two TRxPs. New QCL relation, frequency offset estimation method and signaling details are still under discussion in RAN1, RAN4 may need to monitor it for requirement discussions.      
Proposal 5: RAN4 needs to discuss UE requirements related with synchronization and channel estimation (i.e. when two TCI states are indicated) to support HST-SFN deployment.

Enhancement on SRS

3. Enhancement on SRS, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency

Currently, RAN1 is discussing SRS enhancement, Issues whether UL granting DCI can have larger size than DL granting DCI are also identified. Since UE’s DCI reception supporting DCI 0_1&1_1, or 0_2&1_2 should have the same size in the current spec, zero padding can be added on 0_1 or 0_2 to match the size same, that may make UE’s decoding behavior difference. Hence, RAN4 may need to monitor RAN1 discussions that may make DCI overhead/usage reduction.  
Observation X:  RAN1 is discussing enhancement on SRS with open issues like whether UL granting DCI can have larger size than DL granting DCI. The DCI size may make decoding behavior difference for DCI overhead/usage reduction.  


Enhancement on CSI measurement and reporting

4. Enhancement on CSI measurement and reporting:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRxP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead

CSI reporting for DL multi-TRP and/or multi-panel transmission
In the framework of CSI enhancements for DL multi-TRxP, RAN1 introduced CSI reporting with multiple transmission/interference hypotheses.  Based on a single CSI-ReportConfig, a UE may feedback multiple CSIs covering both single-TRxP and NCJT hypotheses. UE determines which DL reference signal resources to use for single-TRP or NCJT CSI computation based on CMR grouping and CMR pairs indication. 
Indeed, RAN1 has agreed that a CSI Reporting Setting (CSI-ReportConfig) for multi-TRxP CSI reporting can be configured for NCJT measurement from all possible pairs, such that a UE can be configured to measure certain pairs of resources under NCJT hypothesis and individual CMR resources under single-TRxP transmission hypothesis. The ongoing RAN1 discussion is also addressing other aspects, relevant to CSI reporting for multi-TRxP, including UCI design, CSI omission and enhancements specific to multi-DCI based multi-TRP, among others.  
Observation 4: RAN1 has introduced CSI reporting with multiple transmission/interference hypotheses that requires a UE to feedback multiple CSIs covering both single-TRxP and NCJT hypotheses.
Proposal 6: RAN4 needs to discuss UE behaviours making multiple CSIs feedback covering both single-TRxP and NCJT hypotheses to support multi-TRxP and/or multi-panel transmission.

Type II port selection codebook enhancement
CSI enhancements for Rel-17 NR MIMO also include a second major item, namely the design and specification of a new port selection PMI codebook. Therein UL/DL partial reciprocity is exploited in order to reduce UE complexity and reporting overhead. 
The new codebook design stems from an improvement of Rel-16 type II port selection and relies on both CSI-RS and SRS measurements.  The general principle of enhancing FDD CSI reporting in Rel-17 is that, by assuming reciprocity of cluster delays and angles in FDD operations, the gNB can estimate a set of dominant spatial domain (SD)-frequency domain (FD) component pairs and use them to precode the CSI-RS ports. This allows to move most of the SD and FD compression operations, from the UE to the gNB. 
Proposal 7: RAN4 needs to discuss about a FDD test regarding how UE processes dominant SD-FD component pairs and use them to precode the CSI-RS for Type II port selection codebook enhancement.





LS R1-2104142: Timing assumption for inter-cell DL measurement [2]

RAN1 has sent LS to ask about timing assumption of SSB measurements for NSC. Points of the questions are about SMTC window and receiving timing difference, but firstly we need to review the RAN1 agreement before discussing the specific discussion points.  
	RAN1#104b-e Agreement
On Rel.17 multi beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP:
· Rel.15 L1-RSRP is used as reporting quantity for measurement and reporting of non-serving-cell(s)
· Support SSB as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP, and Rel.15 SS-RSRP calculated from SSB of non-serving cell(s)
· FFS: Whether the measurement for SS-RSRP is limited within SMTC
· FFS: Detailed reporting method, e.g. via including existing L1-RSRP report, UE-initiated report etc.
· FFS: Whether or not to support CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP. If the support of CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP is confirmed, Rel.15 CSI-RSRP is also supported  
· Whether the support applies to CSI-RS with or without QCL source, or both
· FFS: The number of non-serving cell(s) for measurement/reporting 
· FFS: time behavior of the reporting, i.e. periodic, semi-persistent, aperiodic, or UE-initiated
· FFS: If other reporting quantities are supported, e.g. L3-RSRP, hybrid L1/L3-RSRP
· FFS: Dynamic activation/deactivation/selection of the beam measurement on the RS(s) associated with non-serving cell(s) via MAC CE
· FFS: Timing assumption (e.g. time of arrival and time of the measurement) for measurement of non-serving cell RS measurement




In order to support the L1/L2 mobility, RAN1 concluded to support SSB as a measurement RS from the non-serving cell for L1/L2-centric inter-cell mobility and inter-cell mTRxP and Rel.15 SS-RSRP calculated from SSB. RAN1 assumes to use the Rel-15 SS-RSRP for non-serving cell. We think that RAN4 may revisit the agreement if SS-RSRP measurements can be supported for L1/L2 centric mobility support as intended.
Rel-15 SS-RSRP measurement of NSC is assumed and designed to use a wide beam based measurement used for L3 mobility support, and it cannot be assumed to use a possible refined data beam. Therefore, the SS-RSRP measurements for L1/L2-centrid mobility towards SC and NSC may be conducted in a way that one beam toward SC uses a refined data beam (narrow beam), while a wider beam is used toward NSC. Consequently, the SS-RSRP measurements of cell/multi-TRP are calculated with different beam gain, which may lead to incorrect or incomparable RSRP measurements used for the L1/L2 mobility. RAN4 needs to include this view in LS reply for further RAN1 clarification.
Since the beam assumption for SS-RSRP measurement is different between SC and NSC, the accuracy requirement are defined differently; SS-RSRP intra-frequency accuracy and SSB-based L1-RSRP requirements are found in table 10.1.3.1.1-1 and table 10.1.20.1.1-1 respectively in TS38.133.  
It should be noted that the NSC L1-RSRP measurements are also intended for inter-cell mTRxP operation i.e. that does not consider mobility aspects as such but requires L1-RSRP measurements for mTRxP beam management purposes. 
Observation 5: The RAN1 agreement captured in the LS needs further clarification. Rel-15 SS-RSRP measurements may not be measured equivalently between SC and NSC to support L1/L2 mobility.
Proposal 8: Inform RAN1 that SS-RSRP intra-frequency accuracy and SSB-based L1-RSRP accuracy requirements are found differently in TS38.133. It is unclear if SS-RSRP supports L1/L2-centric inter-cell mobility properly.
The RAN1 agreement must not intend such a case that SSB-RSRP have different requirement for SC and NSC respectively. At least, intra-frequency case aims to have the same requirement through RAN1/4 discussion.

	LS [2] Question 1: In the context of L1/L2-centric inter-cell mobility, what are the implication(s)/benefit(s), if any, (from RAN4 perspective) of limiting the measurement for L1-RSRP on measurement RS of a non-serving cell within the SMTC window(s) (only applicable to SSB) for the above agreed L1-RSRP reporting? Conversely, what are the implication(s)/benefit(s), if any, of not limiting the measurement for L1-RSRP to be carried out within the SMTC window(s)?



Question 1 asks if limiting the L1-RSRP measurement of NSC within SMTC window or not. First of all, the SMTC window for the NSC measurement is L3 RSRP measurement window configuration. In order to use SMTC window for L1-RSRP measurement, it needs further check in RAN1/2. Depending on UE’s L1 beam capability, a new SMTC window for L1-RSRP measurement may be required. Alternatively, the SMTC measurement time may need to be shared among L1 and L3 measurements.
Observation 6: the current SMTC window for NSC is used for L3 RSRP measurements and configuration.
Proposal 9: RAN4 need to study if the current SMTC window can be properly used for L1-RSRP measurement for NSC and the potential impact from using the SMTC window for L1-RSRP measurements from NSC in addition to L3 measurements. 
If not limiting the NSC SSB based L1-RSRP measurement to be carried out within the SMTC, the impact on the already defined SSB based L3 measurements will be reduced (but likely not completely removed – depending on the UE measurement capability). However, having the SSB based measurements outside the SMTC has impact on the UE measurement burden and measurement time. Additionally, it would also mean that the network would have to transmit the SSB more often than otherwise. E.g. current assumption is that network will transmit the SSB every 20ms which is used also as baseline assumption when developing the UE requirements. By reserving some SSBs for NCS L1-RSRP measurements would mean that there are less occasions available for L3-RSRP. Alternative is to increase the SSB transmission e.g. from 20ms to 10ms.
Observation 7 : Not limiting the NCS L1-RSRP to SMTC can have impact on SSB transmission frequency and UE measurement burden. It may, however, reduce the impact on existing L3 measurements and current UE requirements.

	LS [2] Question 2: In the context of L1/L2-centric inter-cell mobility, for measurement on measurement RS of a non-serving cell, with the above agreed L1-RSRP reporting, if the receive timing of the measurement RS from the non-serving cell can be different from the receive timing of the signals from the serving cell, what are the implication(s)/benefit(s), if any, from RAN4 perspective?




There is physical time of arrive difference from the non-serving cell, and the time difference needs to be limited for accurate L1-RSRP measurement under non-collocation TRP scenario. RAN4 needs to study further the L1-RSRP performance impact due to receiving timing difference. 
Observation 8 : There is physical time of arrive difference between SC and NSC, and the time difference needs to be limited for accurate L1-RSRP measurement under non-collocation TRxP scenario. RAN4 may need to work on a timing offset related requirement to maintain L1-RSRP performance. 
However, as the assumption is SSB based L1-RSRP the UE should be able to use normal searcher for performing the measurements and the timing difference impact should minimal.

LS R1-2102248: TCI State Update for L1/L2-Centric Inter-Cell Mobility [3]

RAN4 had discussion on LS reply in RAN4#98-bis, that touched various aspects of Rel-17 feMIMO [5]. Mainly it was about L1/L2 centric inter-cell mobility support under multi-beam and multi-TRxP scenarios. Indeed, the scenario discussion were expanded to many sub-questions broadly touching multiple issues as captured in [2].  
Therefore, RAN4 firstly selects core scenarios from RAN1 discussion, since many of the addressed issues are also open in RAN1 discussion. Also, WF has propose LS reply to include the listed items in the box. Although it would be good to provide that information to RAN1, another concern is that discussions should not diverge without clear answer to the LS. In this section, we discuss possible answers to Q5 and Q6 in the LS with respect to the bullets below.

	RAN4 #98bis WF [5]
What to include in the reply LS to RAN1
Identified RAN4 impacts in the contexts of RAN1 LS Q5 and Q6 that includes but not limited to
· Impacts due to measuring inter-frequency and/or inter-band NSC L1 resources
· Use of MG
· Different SMTCs between SC and NSC
· Reference timing for measuring NSC L1 resources (if SSB based search is needed)
· Other issues if any
· Impacts due to TCI state switching for NSC
And RAN4 asks RAN1 to clarify, if needed, 
· Which of the following(s) and what else are under consideration by RAN1 for enabling inter-cell multi-TRP operations 
· Simultaneous transmission
· Multi-TRP
· Regular CA
· Other options if any






	LS[3] Question 5: In regard of CA issues, RAN1 is discussing whether the operation is supported only for intra-band CA scenario (i.e. UE is configured to operate with serving and non-serving cells that belong to the same frequency band) or for both intra-band CA and inter-band CA scenarios. Note that one common TCI state ID associated with a non-serving cell, if supported, may be optionally applied for CCs in a band.
1. Are there specific RAN2/4 issues (including higher-layer impact) that need to be considered for deciding  between the two alternatives? 




Question 5 is about whether UE can operate with serving and non-serving cells within the same frequency band (hence intra-band scenario) or additionally inter-frequency band scenario:
· Intra-band scenario only.
· Both intra-band and inter-band scenarios
More specifically, RAN1 is asking whether RAN4 see any issues operating in either intra-band or inter-band. 
Our understanding of the RAN1 LS is that it is mainly targeted operation in FR2. The operation discussed in RAN1 is targeting:
1. ‘DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility’, and 
1. ‘QCL/TCI-related enhancements to enable inter-cell multi-TRxP operations’ 
Hence, RAN4 has to consider the current baseline assumptions related to CA in FR2 as well as the ongoing discussion related to IBM and CBM capable UEs.
Current assumption for intra-band CA in FR2 is that all FR2 serving cells in the band are collocated. In Rel-16 RAN4 defined requirements for inter-band CA for UEs capable of IBM. In last meeting RAN4 then confirmed that an IBM capable UE there is no restriction on deployment scenario i.e. network assumes an IBM UE supports both co-located and non-co-located deployments. Additionally, following UE assumptions were agreed:
· IBM capable UE is assumed to be capable of receiving signals for FR2 inter-band CA with different beam directions at the same time. 
· A UE that supports inter-band CA with IBM selects its DL Rx beam(s) for all CCs in each configured band based on DL reference signals measurements made in that band.
For CBM the detailed related to fully/almost colocation and MRTD requirements, the discussion is still ongoing. However, it seems clear that the CBM capable UE will not support non-colocation in a similar manner as the IBM capable UE. As for the UE assumption related to a CBM capable UE RAN4 agreed in last meeting:
· UE is assumed to make reception with one beam at a time, i.e. similar to Rel-15 baseline UE assumption. 
· At least one active panel at a time can be assumed as baseline for RRM requirements definition. 
· A UE that supports inter-band CA with CBM selects its DL Rx beam(s) for all CCs in all configured bands based on DL measurements made in the only CC configured with the reference signal for beam management. 
· In FR2 CA cases, requirements apply when the BM RS is provided in a CC with a configured UL BWP.
The agreement reached in the last meeting and listed here should be accounted when discussing the LS reply to RAN1.
Observation 10: The agreements related to CBM and IBM capable UEs needs to be accounted in the LS reply discussion.
Based on the RAN4 assumptions, Rel-16 agreements, and ongoing Rel-17 discussion we believe that RAN1 at least would need to be aware of the UE CA and BM capabilities. 

For intra-band CA scenario:
Current assumption for intra-band CA is that serving cells are collocated. RAN4 has not defined requirements for non-collocated intra-band CA. Hence, this will limit the cell location for the cells being part of the DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility. 
As the assumption has been that intra-band CA is always collocated deployment and that the baseline assumption is that UE can only receive with in one beam direction at a time, RAN4 has not defined requirements for intra-band IBM. Hence, there are currently no UE requirements for handling ‘QCL/TCI-related enhancements to enable inter-cell multi-TRP operations’ for non-collocated scenario (assuming the TRxPs are intra-band). 
This means that ‘TCI state update (beam indication) for DL reception from and UL transmission to non-serving cell(s) – at least on UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH’ is questionable if the non-serving cell is not collocated with the serving cell. If collocated (according to Rel-15 requirements in FR2) there may be additional restrictions on the TCI state management.
Observation 11: For intra-band CA, the operations are currently not feasible unless the cells under consideration are collocated. RAN4 would be required to define UE requirements for intra-band CA for non-collocated scenario.
This assumes that RAN1 is asking simultaneous operation on each cell (which seems the case from the wording ‘intra-band CA)- However, if considering some sort of TDM scheme this may impact the reply. This would be best to get clarified from RAN1.
Here is our view summary on intra-band CA scenario
0. It is possible to support L1/L2 mobility only in collocation scenario of SC and NSC
0. If it is non-collocation scenario of SC and NSC,
1. Simultaneous transmission : TDM only 
( while FDM or JT cases may have performance impact due to sync issue )
1.  Use of MG with different SMTCs between SC and NSC

Proposal 10: For intra-band CA, ask RAN1 about clarification on non-/collocation scenario and simultaneous operation of SC and NSC under discussion or whether RAN1 is also considering it. 

For inter-band CA scenario:
For inter-band CA scenario, if a UE supporting independent beam management, the beam management can support multiple CCs with different RF chains. Such UE is assumed to be capable of receiving signals for inter-band CA with different beam directions at the same time.  
Observation 12: For inter-band CA, the operations are currently feasible for a UE supporting independent beam management for the band combination.
Observation 13: For inter-band CA, whether the operations are feasible for a UE supporting common beam management will depend on the outcome of the collocation assumption discussion.
However, the inter-band CA deployment for SC and NSC are not clear. Specifically, as we discussed in 2.5.2 above, inter-cell L1/L2 RSRP measurement signalling and procedure are not clearly defined for inter-band CA operation in RAN1. In conclusion, while the UE BM capability is reasonably studied to support L1/L2-centric inter-cell mobility, the measurement protocol seems not ready. Therefore, we propose to inform RAN1 that the L1-RSRP for (non-collocated) NSC measurement needs to be clarified and set low priority on inter-cell CA scenario study in RAN4. 


	LS [3] Question 6: In regard of inter-frequency issues, from RAN2/4 perspective, what would be the higher-layer and RRM impact assuming inter-frequency scenarios as opposed to intra-frequency scenarios? For intra-frequency scenario, it is assumed that SSBs of non-serving cells have the same center frequency and SCS as the SSBs of the serving cell.
· Note: RAN1 has agreed to support intra-frequency scenarios, whereas the support for inter-frequency scenarios is still for further study.




Question 6 is about RRM impact on inter-frequency. Regarding FR2 the case is more complex and would depend on the UE ability to receive with common and independent beams within a band. As we see RAN1 discussion, the unified TCI framework for DL and UL beam indication supports intra-frequency only as well. Also, for inter-frequency case, we foresee the same issue as we discussed about L1-RSRP measurement for NSC addressed in 2.5.2
Observation 14: For inter-frequency operation, inform RAN1 that only collocated scenario is supported.  For non-collocated scenario, RAN4 needs further discussion if L1-RSRP measurement for NSC can be properly supported. 
Proposal 11: RAN4 firstly considers intra-frequency case study under non-co-located cell scenario.  FFS for inter-frequency operation.




Conclusion
Work plan
In this contribution, we provide our initial view and propose discussion points on Rel-17 feMIMO WI :
Proposal 1 : RAN4 needs to develop related TCI state switch delay requirements related to the Rel-17 common beam management agreements.
Proposal 2 : RAN4 needs to discuss if new TCI state switch delay requirements are needed based on the RAN1 agreements for unified TCI framework.
Observation 1 : RAN1 is under discussion about UL beam selection for UEs with multi-panels. A UE may need to assist the gNB with measurements related to the UL selection related to MPE. Further detail behaviors are up to RAN1 discussions.
Proposal 3 : Although it seems early to specify clear UE behaviors from RAN1 discussion, UE behaviors associated with inter-cell multi-TRP operations and multi-DCI based multi-PDSCH reception needs to be tested in RAN4. 
Observation 2 : RAN1 is under discussions regarding reliability improvement on multi-TRxP UL transmissions for both PUCCH and PUSCH.  
Proposal 4 : RAN4 needs to discuss beam-management-related enhancements for simultaneous multi-TRxP transmission with multi-panel reception including UE capabilities.
Proposal 5 : RAN4 needs to discuss UE behaviors related with synchronization and channel estimation (i.e. when two TCI states are indicated) to support HST-SFN deployment.
Observation 3 :  RAN1 is discussing enhancement on SRS with open issues like whether UL granting DCI can have larger size than DL granting DCI. The DCI size may make decoding behavior difference for DCI overhead/usage reduction.  
Observation 4 : RAN1 has introduced CSI reporting with multiple transmission/interference hypotheses that requires a UE to feedback multiple CSIs covering both single-TRxP and NCJT hypotheses.
Proposal  6: RAN4 needs to discuss UE behaviours making multiple CSIs feedback covering both single-TRxP and NCJT hypotheses to support multi-TRxP and/or multi-panel transmission.
Proposal 7 : RAN4 needs to discuss about a FDD test regarding how UE processes dominant SD-FD component pairs and use them to pre-code the CSI-RS for Type II port selection codebook enhancement.

In this contribution, we provide our view on the two LS replies to R1-2104142  and R1-2102248.
LS: Timing Assumption for Inter-Cell DL Measurement
Observation 5 : The RAN1 agreement captured in the LS needs further clarification. Rel-15 SS-RSRP measurements may not be measured equivalently between SC and NSC to support L1/L2 mobility.
Proposal 8 : Inform RAN1 that SS-RSRP intra-frequency accuracy and SSB-based L1-RSRP accuracy requirements are found differently in TS38.133. It is unclear if the SS-RSRP supports L1/L2-centric inter-cell mobility properly.
Observation 6 : The current SMTC window for NSC is L3 RSRP measurement configuration.
Proposal 9 : For Q1, RAN4 studies if the current SMTC window for NSC can be properly used for L1-RSRP measurement for NSC. 
Observation 7 : Not limiting the NCS L1-RSRP to SMTC can have impact on SSB transmission frequency and UE measurement burden. It may, however, reduce the impact on existing L3 measurements and current UE requirements.
Observation 8 : For Q2, there is physical time of arrive difference between SC and NSC, and the time difference needs to be limited for accurate L1-RSRP measurement under non-collocation TRxP scenario. RAN4 may need to work on a timing offset related requirement to maintain L1-RSRP performance.

LS : L1/L2-Centric Inter-Cell Mobility
Observation 10 : The agreements related to CBM and IBM capable UEs needs to be accounted in the LS reply discussion.

Observation 11 : For intra-band CA, the operations are currently not feasible unless the cells under consideration are collocated. RAN4 would be required RAN4 to define UE requirements for intra-band CA for non-collocated scenario.
Proposal 10 : For intra-band CA, ask RAN1 about clarification on non-/collocation scenario and simultaneous operation of SC and NSC under discussion or whether RAN1 is also considering it. 
Observation 12 : For inter-band CA, the operations are currently feasible for a UE supporting independent beam management for the band combination.

Observation 13 : For inter-band CA, whether the operations are feasible for a UE supporting common beam management will depend on the outcome of the collocation assumption discussion.

Observation 14 : For inter-frequency operation, inform RAN1 that only collocated scenario is supported.  For non-collocated scenario, RAN4 needs further discussion if L1-RSRP measurement for NSC can be properly supported. 
Proposal 11 : RAN4 firstly considers intra-frequency case study under non-co-located cell scenario.  FFS for inter-frequency operation.
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