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0 Introduction
Briefly introduce background, the scope of this email discussion (e.g. list of treated agenda items) and provide some guidelines for email discussion if necessary.
In RAN#95e meeting, the Rel-18 RAN4-led work item on enhanced NR support for high speed train scenario in FR2 has been approved [RP-220985], which has been further updated in [RP-222272]. In RAN4#105, the works on tunnel deployment scenarios and UL timing adjustment solutions, as well as RRM core requirement impacts for FR2 HST enhancement have been discussed with the WFs [R4-2220396] and [R4-2220397] approved, separately.
In this email thread, the following agenda items will be treated:
· Enhanced NR support for high speed train scenario in frequency range 2
· 9.12.5 RRM core requirements
· Topic 1: 9.12.5.1 Simultaneous multi-panel operation for train roof-mounted FR2 high power devices
· Topic 2: 9.12.5.2 Intra-band carrier aggregation (CA) scenario
· Topic 3: 9.12.5.3 UL timing adjustment solutions
· Topic 4: 9.12.5.4 Others
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
1 Topic #1: Simultaneous multi-panel operation for train roof-mounted FR2 high power devices
Main technical topic overview. The structure can be done based on sub-agenda basis. 
1.1 Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2301353
	Nokia, Nokia Shanghai Bell
	Proposal 1: For Rel-18 HST FR2 RRM discussions, RAN4 to follow Rel-17 NR FR2 HST for CPE configuration assumptions where the CPE UE is equipped with 2 panels each for both TX and RX pointing in opposite directions.
Observation 1: Bi-directional deployment is the most promising deployment scenario for simultaneous two-panel reception.
Proposal 2: RAN4 to focus on bi-directional deployment to identify RRM requirement.
Observation 2: One suitable RF architecture for both uni and bi-directional deployments is to assume a CPE UE with two flexible active RF chains (e.g., one active RF chain at each panel for bi-directional and two active RF chains at one panel for unidirectional deployment).
Proposal 3: Regarding RF requirements, RAN4 to clarify per-panel and total number of active RF chains in Rel-18 HST.
Observation 3: To maximize the throughput and enhance beam/cell switching performance, the CPE should be able to receive data/perform measurement (L1/L3) from two panels simultaneously (i.e., CPE UE that supports simultaneous operation modes 1, 2a, and 3a in Table 1).

	Main simultaneous multi-panel operation modes
	Nokia proposal

	1) Simultaneous data (PDSCH and PDCCH) reception from both panels
	x

	


2) Simultaneous measurements 
	2a) Support simultaneous L1/L3 measurement from both panels. 
	x

	3) 
	2b) Support L1 measurement from one panel while the other panel performs only L3 measurement.
	

	4) 
	2c) Support only simultaneous L1 measurement from both panels.
	

	5) 
	2d) Support only simultaneous L3 measurement from both panels.
	

	
6) Simultaneous data reception from one panel and measurement from the other panel
	3a) Support simultaneous data reception from one panel and L1/L3 measurement from the other panel.
	x

	7) 
	3b) Support simultaneous data reception from one panel and only L1 measurement from the other panel.
	

	8) 
	3c) Support simultaneous data reception from one panel and only L3 measurement from the other panel.
	


Proposal 4: RAN4 to define simultaneous multi-panel operation for Rel-18 HST FR2. For the ease of discussion, companies are encouraged to provide their feedback on the simultaneous multi-panel operation modes provided in Table above. Note that the multiple modes can be supported by the CPE UE.
Proposal 5: To maximize the throughput and beam/cell switching performance, the UE should be able to simultaneously perform data reception/measurement (L1/L3) over two panels (i.e., the UE that is able to support simultaneous operation modes 1, 2a, and 3a in Table 1).
Proposal 6: mDCI should be supported for Rel-18 FR2 PC6 UEs.
Proposal 7: RAN4 to focus on NCJT as the main transmission scheme in Rel-18.
Proposal 8: RAN4 to further study the scenarios and potential gains of other transmission schemes such as CJT s-DCI, and SFN transmission.
Proposal 9: Rel-18 FR2 PC6 UE should have a capability to enable multi-RX chains on more than on component carrier.
Observation 4: MRTD for simultaneous multi-panel reception from two RRHs is around 2.3us, which is 4 times more than the CP length at 120 kHz SCS (CP = 0.58us).
Proposal 10: Rel-18 FR2 PC6 UE should support simultaneous data reception from two panels with MRTD more than the CP length.
Proposal 11: MRTD assumption for Rel-18 FR2 PC6 UE should be part of the UE requirement and deployment independent.
Observation 5: If UL beam can be switched to the special relation associated to unknow DL RS in HST FR2 Enhanced deployments, then MAC-CE based spatial relation switch delay may need to be enhanced to allow UE more time to synchronize to DL RS.
Proposal 12: RAN4 to discuss whether MAC-CE based spatial relation switch to the target associated to the unknown DL RS is possible in HST FR2 scenarios.

	R4-2301835
	Huawei, HiSilicon
	Proposal 1: For intra-band FR2 CA, multi-Rx chains are supposed to be enabled on all serving CCs, if intra-band CA with multi-Rx is supported.
Proposal 2: For L1-RSRP measurement with multi-panel simultaneous reception in FR2 eHST, conclusion in R18 FR2 multi-Rx can be reused.
Proposal 3: More clarification is needed for RTD>CP scenario, e.g., what kind of signals received on two panels. In addition, as the multi-RX operation can be dynamically switched to single panel operation, it doesn’t mandate UE to support larger than CP.
Proposal 4: Further study on two TCI states activation for SFN-based PDCCH transmission.

	R4-2302023
	Ericsson
	Observation 1: for sake of flexibility, L3 measurement is able to switch between two panels. but in HST scenario, it isn’t mandatory always, L3 measurement may be performed only on one certain panel for a period. 
Observation 2: in HST scenario, the most of causes of losing DL reception on one of panels resulting from MRTD>CP length is that propagation time from one RRH to conservative RRH is larger than CP length. 
Proposal 1:  Simultaneous data reception and L1 measurement on different panels shall be supported.
Proposal 2:  If L1 measurement is performed on one panel, then the scheduling restriction corresponding to the L1 measurement is only applied  to data reception on the same panel.  UE shall be able to know when to do L1/data reception on two panels and correctly receive data when no L1 measurement on same panel but L1 measurement on the other panel.
Proposal 3: Group-based reporting shall be supported in multi-panel reception.
Proposal 4: We prefer to maintain the baseline of using single-DCI as assumptions of requirements.
Proposal 5: No simultaneous L3 measurements on two panels is allowed, i.e. L3 +L3 shall be precluded from multi-panel reception. But RAN4 shall study how L3 measurement copes with L1 measurement and data reception in multi-panel reception, e.g. L3+L1 case, L3+data case are valid.
Proposal 6: L3 measurement shall be updated to be compatible with new L3+L1 case: L3  on one panel/L1 on both panels. The scaling restriction between L1 and L3 can be based on an existing rule with minor changes:
· In case of SMTC>SSB periodicity, if L3 measurement occurs on one panel in one SMTC occasion, at this time, L1 measurements are not taken on the same panel as L3; L1 measurement on the other panel can be performed in same SMTC occasion without legacy scaling restriction.
· In case of SMTC=SSB periodicity, if L3 measurement occurs on one panel in one SMTC occasion, at this time, L1 measurement can be performed in the same panel in same SMTC occasion with legacy scaling rule; L1 measurement can be performed in the other panel in same SMTC occasion without scaling restriction.
Proposal 7: Scheduling restriction in L3 measurement shall be updated to be compatible with L3+data case, for example: If L3 measurements occurs on one panel, then the UE should only be allowed legacy scheduling restriction on data transmit by the same symbols transmitting the SSB on the same panel; no scheduling restriction on the other panel.
Proposal 8: The baseline is: Rel-18 FR2 PC6 UE can be configured with multiple carriers even with multi-RX chains enabled, but multi-Rx chain is enabled always only on one of the component carriers (PCC).  The other component carrier(SCC) can be optionally supported on one of two panels at same time provided UE capability supports it.
Proposal 9: The UE behavior (in DL and UL) in multi-panel operation shall be defined if the MRTD > CP length from the two RRHs and the UE can support the multi-panel operation provided that the MRTD ≤ CP length. 
Proposal 10: If the MRTD > CP length from the two RRHs and the UE can support the multi-panel operation provided that the MRTD ≤ CP length then the UE will use the panel/RRH which is commonly known to both the UE and the network.
Proposal 11: When the UE falls back to a single panel/RRH operation due to MRTD > CP length then the UL transmission shall be on the panel which has a corresponding DL reception.
Proposal 12: In multi-panel operation with CA when MRTD > CP length from the two RRHs on the PCell then SCell reception shall be on the panel which has a corresponding PCell reception.
Proposal 13: Keep current uplink spatial relation switch delay requirement.
Proposal 14: RX sweep beam number in two active panel reception configuration shall be reduced from the number used in single active panel reception in Rel-17. 
Proposal 15: RAN4 shall check the necessity of signaling to UE used by the UE to switch between multi-panel and single-panel simultaneous reception with respect to network configuration. Between the below two options, we prefer Option1.
Option 1: it is assumed that once the NW configures the UE with group based reporting, then the UE is always expected to use multi-panel operation.
Option 2: New explicit signaling to indicate multi-panel operation.

	R4-2302154
	Samsung
	Observation 1: RAN4 to consider CPE to be equipped with two panels pointed forward and backward along the track.
Propose 1: The definition of panel would follow RF conclusion and the discussion on it can be precluded in HST FR2
Propose 2: L3 measurements shall be precluded in multi-panel simultaneous reception
Propose 3: For roof-mounted UE supporting multi-panel simultaneous DL reception is capable of multi-RX chains.
Propose 4: For roof-mounted UE supporting multi-panel simultaneous reception, the following UE architecture is necessary:
Multiple antenna panel/RX chain+ BF+AGC + RF front-end (time and frequency sync) +FFT+ additional RRM/Demod
Propose 5: Both sDCI and mDCI need to be considered in FR2 HST multi-panel simultaneous reception.
Proposal 6: For Rel-18 FR2 PC6, UE can be configured with multiple carriers even with multi-RX chains supported, but multi-Rx chain is enabled on only one of the component carriers.
Proposal 7: For Rel-18 PC6 UE supporting simultaneous multi-panel operation, MRTD of signals received from two panels can be extended to the value higher than CP length.
Proposal 8: The necessity of enhancement in uplink relation switch delay requirement is not in the scope of the WI.


1.2 Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Topic description:
[Moderator] As described as one of the objectives of Rel-18 enhanced NR support for FR2 HST, it is expected to specify the requirement for simultaneous multi-panel operation for train roof-mounted FR2 high power devices, which is highlighted as follows:
	· Specify the requirement for simultaneous multi-panel operation for train roof-mounted FR2 high power devices [RAN4]:
· Maximum 2 active panels supporting the multi-panel simultaneous reception. 
· NOTE: Focus on FR2 HST specific requirements, and avoid the overlap with the scope of FR2 multi-Rx DL reception


In RAN4#104-bis-e [R4-2217029], the work plan for RAN4#106 was approved, which is captured as follows
	RAN4#106: Feb. 27th – Mar. 03rd, 2023
· RRM (core) requirement:
· Conclude UE RRM core requirement impact due to intra-band CA for FR2 PC6;
· Further discussion on UE RRM core requirement for simultaneous multi-panel operation, specifically for FR2 HST;
· Further discussion on potential enhancement(s) on UL timing adjustment solution, and corresponding RAN4 requirement impact.


The topic is discussed below by breaking down into 5 sub-topics:
· Sub-topic 1-1: Deployment scenario for FR2 HST multi-panel simultaneous reception
· Sub-topic 1-2: RF chains for FR2 HST multi-panel simultaneous reception
· Sub-topic 1-3: MRTD for FR2 HST multi-panel simultaneous reception
· Sub-topic 1-4: Transmission Scheme for FR2 HST multi-panel simultaneous reception
· Sub-topic 1-5: UL and DL beam switching for FR2 HST multi-panel simultaneous reception
Besides, the company [R4-2302023] is suggesting some new issues should be also discussed in this topic, which are captured as follows 
· Sub-topic 1-6: RX beam sweep number for FR2 HST multi-panel simultaneous reception
· Sub-topic 1-7: Switch between multi-panel simultaneous reception and single-panel simultaneous reception
It is encouraged that companies to contribute views under each sub-topic/issue. The sub-topics/issues and the corresponding possible options are listed in the following.
Open issues and candidate options before meeting:
1.2.1 Sub-topic 1-1 Deployment scenario for FR2 HST multi-panel simultaneous reception
[Moderator] There was a Note agreed in RAN 4 #105 RRM session that not to consider uni-directional deployment for further studies. While, in RF session, the possibility of multi-panel simultaneous reception in uni-directional deployment is still kept and the feasibility of uni-directional scenario B with “RRH pair” deployment will be further discussed in this meeting.
	<From approved WF R4-2220536, RF requirement >
Issue 1-2-1: new deployment assumption
Agreement:
· Further study the value of the new deployment scenario for simultaneous multi-panel operation under uni-directional deployment, i.e., uni-directional “RRH pairs” deployment
Issue 1-2-2: new UE panel assumption
Agreement:
· Further study the new UE panel assumption for simultaneous multi-panel operation under uni-directional deployment in terms of panel number, etc.
Issue 1-2-3: feasibility of uni-directional scenario A for simultaneous multi-panel operation
Agreement:
· For simultaneous multi-panel operation under uni-directional deployment, scenario A can be considered as not feasible.
Issue 1-2-4: feasibility of uni-directional scenario B for simultaneous multi-panel operation
Agreement:
· Further analyse the feasibility of uni-directional scenario B based on potential new deployment assumption and new UE panel assumption.
<From approved WF R4-2220397, RRM Core requirements impact >
Agreement:
· Candidate scenarios to identify RRM impact from multi-panel simultaneous reception:
· Scenario #1: Bi-directional deployment in Scenario-A and Scenario-B
· Note: Uni-directional deployment is not considered for further studies
Way Forward: 
· It is noted that RF session still keep the possibility of multi-panel simultaneous reception in uni-directional deployment.


There have been different views on the feasible deployment in RF session and RRM session. The companies are encouraged to provide their understandings on how deployment is done in Rel-18 HST in RAN4#106.
Issue 1-1-1: Deployment to specify RRM requirement
· Proposals
· Option 1 (Nokia): 
· RAN4 to focus on bi-directional deployment to identify RRM requirement.
· Regarding RF requirements, RAN4 to clarify per-panel and total number of active RF chains in Rel-18 HST

1.2.2 Sub-topic 1-2 RF chains for FR2 HST multi-panel simultaneous reception
[Moderator] Three main aspects including definition, HST FR2 specific issues, and whether Rel-18 FR2 PC6 UE can be configured with multiple carriers even with multi-RX chains enabled have been discussed in the sub-topic. To minimize the overlap between the NR_FR2_multiRX_DL WI and this WI, companies encouraged to provide their proposals and options in HST FR2 specific issues. In last meeting, following WF was approved with FFS point
	Way forward:
· FFS the definition of simultaneous multi-panel operation in HST FR2.
· FFS HST FR2 specific issues in simultaneous multi-panel operation compared with Rel-18 NR FR2 multi-Rx chain DL reception WI
· Candidate HST FR2 specific issues to be considered for the next meeting
· Measurements
· UE capability
· Transmission scheme with mDCI or sDCI
· UE architecture
· Other issues are not precluded
Agreements:
· Rel-18 FR2 PC6 UE can be configured with multiple carriers even with multi-RX chains enabled.
· The configuration options are FFS:
· Option 1: Rel-18 FR2 PC6 UE can be configured with multiple carriers even with multi-RX chains enabled, but multi-Rx chain is enabled only on one of the component carriers
· Option 2: Rel-18 FR2 PC6 UE can be configured with multi-RX chains enabled on more than on component carrier.


Issue 1-2-1: Definition of simultaneous multi-panel operation in HST FR2
[Moderator suggests that the definition of the terminology “panel” can be discussed in this sub-topic with higher priority]
· Proposals on the definition of the terminology “panel”
· Option 1 (Nokia): RAN4 to follow Rel-17 NR FR2 HST for CPE configuration assumptions where the CPE UE is equipped with 2 panels each for both TX and RX pointing in opposite directions
· Option 2 (Samsung): RAN4 to follow the panel definition agreed in multi-RX RF session and the discussion on it can be precluded in FR2 HST
Issue 1-2-2: HST FR2 specific issues in simultaneous multi-panel operation
[Moderator] Nokia [R4-2301353] provides a Table on simultaneous operation modes in FR2 HST for the ease of discussion, which is captured as follows, 
	Simultaneous operation modes in FR2 HST.
	Main simultaneous multi-panel operation modes

	1) Simultaneous data (PDSCH and PDCCH) reception from both panels (D+D)

	


2) Simultaneous measurements 
	2a) Support simultaneous L1/L3 (L1+L1, L3+L3, L1+L3) measurement from both panels. 

	3) 
	2b) Support L1 measurement from one panel while the other panel performs only L3 measurement. (L1+L3)

	4) 
	2c) Support only simultaneous L1 measurement from both panels. (L1+L1)

	5) 
	2d) Support only simultaneous L3 measurement from both panels. (L3+L3)

	
6) Simultaneous data reception from one panel and measurement from the other panel
	3a) Support simultaneous data reception from one panel and L1/L3 measurement from the other panel. (L1+D, L3+D)

	7) 
	3b) Support simultaneous data reception from one panel and only L1 measurement from the other panel. (L1+D)

	8) 
	3c) Support simultaneous data reception from one panel and only L3 measurement from the other panel. (L3+D)





and Nokia corresponding options are
· Option 1 (Nokia): 
· Multiple modes can be supported by the CPE UE
·  The UE that is able to support simultaneous operation:
· Simultaneous data (PDSCH and PDCCH) reception from both panels (1),
· Simultaneous L1/L3 measurement from both panels (2a),
· Simultaneous data reception and L1/L3 measurement on different panels (3a)
· Proposals on Measurements
· L3 measurement (L3+L3):
· Option 1 (Ericsson, Samsung): L3 measurements shall be excluded from multi-panel reception
· Option 2 (Nokia): Simultaneous L3+L3 measurements on different panels can be supported
· L1 measurement:
· Option 1 (Huawei): Reuse L1-RSRP measurement conclusion in R18 FR2 multi-Rx 
· Option 2 (Nokia, Ericsson): Simultaneous L1/L3L1+L3 measurement from both panels shall be supported
· Option 2-1 (Ericsson): L3 measurement shall be updated to be compatible with new L3+L1 case: L3 on one panel/L1 on both panels
· Data reception and L1/L3 measurement:
· Option 1 (Nokia, Ericsson): Simultaneous data reception and L1/L3 measurement on different panels shall be supported
· Option 1-1 (Ericsson): Scheduling restriction shall be updated to be compatible with L1+data case
· Option 1-2 (Ericsson): Scheduling restriction in L3 measurement shall be updated to be compatible with L3+data case
· Proposals on UE capability
· Option 1 (Ericsson): Group-based reporting shall be supported in multi-panel reception
· Option 2 (Samsung): For roof-mounted UE supporting multi-panel simultaneous DL reception is capable of multi-RX chains
· Option 3 (Nokia): RAN4 to follow Rel-17 NR FR2 HST for CPE configuration assumptions where the CPE UE is equipped with 2 panels each for both TX and RX pointing in opposite directions
Observation from Nokia: Assume a CPE with two flexible active RF chains (e.g., one active RF chain at each panel for bi-directional and two active RF chains at one panel for unidirectional deployment).
· Proposals on transmission scheme with mDCI or sDCI
· Option 1 (Nokia, Samsung): mDCI should be supported for Rel-18 FR2 PC6 UEs
· Option 2 (Ericsson): Maintain the baseline of using single-DCI 
· Proposals on UE architecture
· Option 1 (Samsung): For roof-mounted UE supporting multi-panel simultaneous reception, the following UE architecture is necessary:
Multiple antenna panel/RX chain+ BF+AGC + RF front-end (time and frequency sync) +FFT+ additional RRM/Demod

Issue 1-2-3: The configuration of supporting CA with multi-RX chains
· Proposals
· Option 1 (Nokia): Rel-18 FR2 PC6 UE can be configured with multi-RX chains enabled on more than on component carrier
· Option 2 (Huawei): For intra-band FR2 CA, multi-Rx chains are supposed to be enabled on all serving CCs, if intra-band CA with multi-Rx is supported
· Option 3 (Ericsson): Baseline: Rel-18 FR2 PC6 UE can be configured with multiple carriers even with multi-RX chains enabled, but multi-Rx chain is enabled always only on one of the component carriers (PCC), Optional: other component carrier(SCC)
· Option 4 (Samsung): For Rel-18 FR2 PC6, UE can be configured with multiple carriers even with multi-RX chains supported, but multi-Rx chain is enabled on only one of the component carriers

1.2.3 Sub-topic 1-3 MRTD for FR2 HST multi-panel simultaneous reception
[Moderator] In last meeting, following WF was approved with FFS point.
	Agreements:
· For Rel-18 PC6 UE supporting simultaneous multi-panel operation, FFS MRTD of signals received on two panels on the same carrier can be extended to the value higher than the length of CP 
· FFS whether this UE behaviour/requirement depends on UE capability or not.
· FFS whether depends on the deployment (e.g., Ds)


Issue 1-3-1: Discussion on MRTD of signals received on two panels on the same carrier
· Proposals
· Option 1 (Nokia, Ericsson, Samsung): For Rel-18 PC6 UE supporting simultaneous multi-panel operation, MRTD of signals received from two panels can be extended to the value higher than CP length
· Option 1-1 (Nokia): MRTD assumption for Rel-18 FR2 PC6 UE should be part of the UE requirement and deployment independent
· Option 2 (Huawei, Ericsson): More clarification is needed for MRTD>CP scenario
· Option 2-1 (Huawei): It doesn’t mandate UE to support larger than CP as the multi-RX operation can be dynamically switched to single panel operation.
Option 2-2 (Ericsson) UE’s behaviour shall be commonly known by NW and UE provided UE doesn’t support MRTD>CP,  and UL/CA shall be considered also in this case:
· The UE behavior (in DL and UL) in multi-panel operation shall be considered and defined if the MRTD > CP
· In multi-panel operation with CA when MRTD > CP on the PCell then SCell reception shall be on the panel which has a corresponding PCell reception

1.2.4 Sub-topic 1-4 Transmission Scheme for FR2 HST multi-panel simultaneous reception
[Moderator] In last meeting, following WF was approved with FFS point.
	Way forward:
· Transmission Scheme for FR2 HST multi-panel simultaneous reception: 
· RAN4 at least consider NC JT scheme in HST FR2 Enhanced deployments
· FFS other schemes.


Issue 1-4-1: Discussion on transmission scheme for FR2 HST multi-panel simultaneous reception
· Proposals
· Option 1 (Nokia): 
· RAN4 to focus on NCJT as the main transmission scheme in Rel-18.
· RAN4 to further study the scenarios and potential gains of other transmission schemes such as CJT s-DCI, and SFN transmission
· Option 2 (Huawei): Further study on two TCI states activation for SFN-based PDCCH transmission.

1.2.5 Sub-topic 1-5 UL and DL beam switching for FR2 HST multi-panel simultaneous reception
[Moderator] In last meeting, following WF was approved with FFS point.
	Way forward:
· FFS whether enhancements are needed in uplink spatial relation switch delay requirement.
· Option 1: Keep current uplink spatial relation switch delay requirement
· Other options are not precluded
· Companies are encouraged to clarify the enhancement if other options are preferred.   


Issue 1-5-1: Whether enhancements are needed in uplink spatial relation switch delay requirement
· Proposals
· Option 1 (Nokia): RAN4 to discuss whether MAC-CE based spatial relation switch to the target associated to the unknown DL RS is possible in HST FR2 scenarios.
· Option 2 (Ericsson): Keep current uplink spatial relation switch delay requirement.
· Option 3 (Samsung): The necessity of enhancement in uplink relation switch delay requirement is not in the scope of the WI.

1.2.6 Sub-topic 1-6 RX beam sweep number for FR2 HST multi-panel simultaneous reception
Issue 1-6-1: Discussion on RX beam sweep number for FR2 HST multi-panel simultaneous reception
· Proposals
· Option 1 (Ericsson): RX sweep beam number in two active panel reception configuration shall be reduced from the number used in single active panel reception in Rel-17.

1.2.7 Sub-topic 1-7 Switch between multi-panel simultaneous reception and single-panel simultaneous reception
Issue 1-7-1: Discussion on switch between multi-panel and single-panel simultaneous reception
· Proposals
· Option 1 (Ericsson): RAN4 shall check the necessity of signalling to UE used by the UE to switch between multi-panel and single-panel simultaneous reception with respect to network configuration
· Option 1-1 (Ericsson): it is assumed that once the NW configures the UE with group based reporting, then the UE is always expected to use multi-panel operation

2 Topic #2: Intra-band carrier aggregation (CA) scenario
Main technical topic overview. The structure can be done based on sub-agenda basis. 
1.1 
2.1 Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300897
	Xiaomi
	Proposal 1: RAN4 not to define PSS/SSS detection and SSB index detection requirement for intra-band CA scenario in FR2 HST.
Proposal 2: For active SCell measurement requirement, the enhanced requirement defined in R17 FR2 HST can be reused in Rel-18 FR2 HST.
Observation 1: RAN4 needs to decide whether the train roof-mounted high-power devices (FR2 HST UE) support the beam failure recovery on SCell.
Proposal 3: The enhanced BFD requirement defined in Rel-17 FR2 HST can be reused in Rel-18 FR2 HST if the FR2 HST UE supports the beam failure recovery on SCell.

	R4-2301355
	Nokia, Nokia Shanghai Bell
	Proposal 1: RAN4, firstly, to specify CA RRM requirements in HST FR2 scenarios only for open space deployment and for PC6 UEs capable of single-panel reception.
Observation 1: Support of tunnel scenario and simultaneous multi-panel reception might cause further enhancement of requirements introduced for HST FR2 in Rel-17.
Proposal 2: De-prioritize CA requirements for multi-Rx and Tunnel scenario until the completion of the baseline CA enhancements and the completion of the studies on each specific topic.
Observation 2: Propagation and coverage characteristic of intra-band CCs in HST FR2 scenario can be very similar to each other.
Proposal 3: RAN4 to discuss whether spectrum flatness is an issue for intra-band CA in HST FR2 scenarios.
Proposal 4: RAN4 agrees that enhanced HST FR2 requirements for PSS/SSS detection is considered for SCells.
Proposal 5: RAN4 agrees that the enhanced HST FR2 requirements for beam failure detection are also applied for SCells when the UE is configured with beam failure detection.
Proposal 6: IDLE mode measurement requirements are not enhanced for carrier aggregation.
Proposal 7: RAN4 to discuss if cell re-selection should be enhanced to steer UE to the dedicated PCell frequency.
Proposal 8: RAN4 agrees that enhanced HST FR2 requirements for SSB based L1-RSRP reporting, used for TCI state switch for SCells and activation/deactivation of SCells, are also considered for SCells.
Observation 3: The frequency composition of the SCells may require novel network signalling.
Proposal 9: RAN4 postpones the agreement on network signaling until the CA requirements are defined.

	R4-2301836
	Huawei, HiSilicon
	Proposal 1: PSS/SSS detection requirements on SCC may not need to be specified in intra-band CA FR2 HST scenario.
Proposal 2: The measurement period for intra-frequency measurement without and with gap specified in R17 FR2 HST can be reused to the measurement period for activated SCell in R18 FR2 HST at least for non-tunnel deployment scenarios.
Proposal 3: The time period of time index on SCell may not need to be specified for intra-band CA FR2 scenario.
Proposal 4: Inter-frequency measurements in both connected mode and idle mode are to be considered.
Proposal 5: For non-tunnel scenarios, the BFD and CBD requirements on PCell in R17 FR2 HST can be reused for SCells in R18 FR2 eHST.
Proposal 6: For non-tunnel scenarios, the L1-RSRP requirements on PCell in R17 FR2 HST can be reused for SCells in R18 FR2 eHST.
Proposal 7: Legacy TCI R15 TCI switching state requirements can be reused for SCells in R18 FR2 eHST.

	R4-2302021
	Ericsson
	Proposal 1: We agree to prioritize CA RRM requirements with single-panel operation before CA with multi-panel operation has progressed. 
Proposal 2: CA with multi-panel operation shall not be precluded completely. SCell at least may work on only one of two panels simultaneously in multi-panel operation.
Proposal 3: CA requirement isn’t affected by tunnel scenario. 
Proposal 4: RAN4 shall check SCell activation delay with 3ms Tactivation_time corresponding to below  particular but non-limiting conditions in HST FR2 scenario. 
· Explicit signaling by network indicates no fine timing tracking in SCell activation delay, e.g. HST flag.
· Uni-directional deployment signaling is configured.
· Only N1 number TX beams per RRH, for example N1=[1].
Proposal 5: RX sweep beam number in SCell can be reduced to 1 compared to the number in PSCell on same panel either with single-panel operation or multi-panel operation. 
Proposal 6: Optimization on beam scaling factor shall be checked but not only applied to tunnel scenario, instead open area scenario also shall apply it.
Proposal 7: Because of  intra-band CA case, we support reusing  PCell signaling for SCell  in HST.

	R4-2302640
	Qualcomm Incorporated
	Proposal 1: RAN4 to specify CA RRM requirements in HST FR2 scenarios only for open space deployment and for PC6 UEs capable of single-panel reception, i.e., by specifying CA capability based on Rel-17 PC6 UEs.
· RAN4 to discuss what is the minimal set of UE functionalities need for the support of CA in HST FR2 scenario and defined requirements only for those
· No need to consider tunnel scenario to define intra-band CA requirements.
Proposal 2: FR2-HST specific intra-frequency PSS/SSS detection and intra frequency measurement requirements are already specified for the PCell and the same shall apply to SCell as well. No additional intra-frequency requirements are needed to support intra-band CA for FR2-HST.
Proposal 3: RAN4 to specify inter-frequency cell identification (PSS/SSS detection) and measurement requirements to support intra-band CA for FR2-HST.
Proposal 4: RAN4 to use Rel-17 FR2-HST principles to define inter-frequency cell detection and measurement requirements, i.e., use beam-sweeping scaling factor of 2 and 6 for set1 and set2, respectively.


2.2 Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Topic description:
[Moderator] As described as one of the objectives of Rel-18 enhanced NR support for FR2 HST, it is expected to specify the RRM requirement for intra-band CA scenario, which is highlighted as follows:
	· Specify the RF requirements for intra-band carrier aggregation (CA) scenario, and investigate and specify the RRM requirements for intra-band carrier aggregation (CA) scenario [RAN4]


This e-mail discussion encompasses RRM requirements needed for the introduction of intra-band CA. The topic is discussed below by breaking down into 3 sub-topics:
· Sub-topic 2-1: Impacted RRM requirement for CA
· Sub-topic 2-2: Measurement enhancement for CA
· Sub-topic 2-3: Network signaling for Rel-18 FR2 HST CA Scenario
It is encouraged that companies to contribute views under each sub-topic/issue. The sub-topics/issues and the corresponding possible options are listed in the following.
Open issues and candidate options before meeting:
2.2.1 Sub-topic 2-1 Impacted RRM requirement for CA
[Moderator] Up to this meeting, it has been agreed that RAN4 shall not specify requirements for deactivated SCell in FR2 HST scenario [R4-2220397].  
	Agreement:
· RAN4 shall not specify requirements for deactivated SCell in FR2 HST scenario.


In this meeting, the necessity of more clarification, the RRM impacts by introducing CA operation, and the necessity of certain requirements will be further discussed, which are captured as below.
	Way forward:
· Whether basic CA requirements should be further enhanced can be discussed after more clarification is achieved.
· [bookmark: _Toc118750016]Option 1 (Nokia): 
· RAN4, firstly, to specify CA RRM requirements in HST FR2 scenarios only for open space deployment and for PC6 UEs capable of single-panel reception, i.e., by specifying CA capability based on Rel-17 PC6 UEs.
· RAN4 to discuss what is the minimal set of UE functionalities need for the support of CA in HST FR2 scenario and defined requirements only for those.
· Other options are not precluded
· For Rel-18 FR2 PC6, by introducing CA operation, RRM impacts are expected at least for:
· Measurement period for Inter-frequency measurement
· L1-RSRP measurement requirements
· For Rel-18 FR2 PC6, the necessity of the following requirements shall be FFS:
· PSS/SSS detection, Time index detection for Intra-frequency and inter-frequency measurements
· FFS IDLE mode in inter-frequency measurement requirements
· Beam failure recovery on SCell
· TCI state switch in SCell.
· Active SCell measurement requirement (measurement period)


Issue 2-1-1: Whether basic CA requirements should be further enhanced can be discussed after more clarification is achieved
· Proposals
· Option 1 (Nokia, Ericsson, QC): Agree with option 1
· Option 1-1 (Ericsson): 
· CA with multi-panel operation shall not be precluded completely. SCell at least may work on only one of two panels simultaneously in multi-panel operation.
· CA requirement isn’t affected by tunnel scenario.
· Option 1-2 (QC): 
· No need to consider tunnel scenario to define intra-band CA requirements.
Issue 2-1-2: Discussion on the necessity of the following requirements
 [Moderator] Some companies[R4-2301355]observed that the propagation and coverage characteristic of intra-band CCs in HST FR2 scenario can be very similar to each other, so the “spectrum flatness” issue is also need to be considered. From this, the sub-bullet “Clarification of spectrum flatness issue in FR2 HST” is added and discussed 
· Clarification of spectrum flatness issue in FR2 HST
· Option 1 (Nokia):  RAN4 to discuss whether spectrum flatness is an issue for intra-band CA in HST FR2 scenarios
· PSS/SSS detection, Time index detection for Intra-frequency and inter-frequency measurements
· Option 1 (Xiaomi, Huawei, Nokia): RAN4 no need to specify PSS/SSS detection requirements for intra-band CA scenario in FR2 HST
· Option 1-1 (Huawei): RAN4 no need to specify the time period of time index on SCell for intra-band CA scenario in FR2 HST
· Option 2 (QC): RAN4 no need to specify the intra-frequency PSS/SSS detection requirements, while  RAN4 to specify inter-frequency PSS/SSS detection requirements
· Option 2-1 (QC): RAN4 to use Rel-17 FR2-HST principles to define inter-frequency cell detection 
· Option 3 (Nokia): Enhanced HST FR2 requirements for PSS/SSS detection are considered for SCells
· IDLE mode in inter-frequency measurement requirements
· Option 1 (Nokia): IDLE mode measurement requirements are not enhanced for CA
· Option 1-1 (Nokia): RAN4 to discuss if cell re-selection should be enhanced to steer UE to the dedicated PCell frequency
· Option 2 (Huawei, QC): To be considered (in both connected mode and idle mode)
· Option 2-1 (QC): RAN4 to use Rel-17 FR2-HST principles to define measurement requirements
· Beam failure recovery on SCell
[Moderator suggests to reach consensus on whether the FR2 PC6 supports the beam failure recovery on SCell first]
· Option 1 (Xiaomi, Nokia, Huawei): If the FR2 PC6 supports the beam failure recovery on SCell
· Reuse the enhanced BFD requirement defined in Rel-17 FR2 HST
· Option 1-1 (Huawei): For non-tunnel scenarios, the BFD and CBD requirements on PCell in R17 FR2 HST can be reused for SCells in R18 FR2 eHST
· TCI state switch in SCell.L1-RSRP measurement
· Option 1 (Nokia, Huawei): The L1-RSRP measurement requirement defined for Rel-17 FR2 HST is applicable to intra-band SCell in Rel-18 FR2 HST
· Option 1-1 (Huawei): For non-tunnel scenarios, the L1-RSRP requirements on PCell in R17 FR2 HST can be reused for SCells in R18 FR2 eHST
· TCI state switch in SCell
· Option 2 (Huawei): Legacy TCI R15 TCI switching state requirements can be reused for SCells in R18 FR2 eHST
· Active SCell measurement requirement (measurement period)
· Option 1 (Xiaomi, Huawei): Reuse the enhanced requirement defined in Rel-17 FR2 HST
· Option 1-1 (Huawei): The measurement period for intra-frequency measurement without and with gap specified in R17 FR2 HST can be reused to the measurement period for activated SCell in R18 FR2 HST at least for non-tunnel deployment scenarios
· Option 2 (Ericsson): RAN4 shall check SCell activation delay with 3ms Tactivation_time corresponding to below particular but non-limiting conditions in HST FR2 scenario
· Explicit signaling by network indicates no fine timing tracking in SCell activation delay, e.g. HST flag.
· Uni-directional deployment signaling is configured.
· Only N1 number TX beams per RRH, for example N1=[1].

2.2.2 Sub-topic 2-2 Measurement enhancement for CA
In last meeting, following WF was approved with FFS point
	Way forward:
· FFS whether enhancement on CA also need to consider tunnel deployment scenario and multi-RX capabilities
· FFS RX beam scaling factor for tunnel scenario


Issue 2-2-1: Discussions on the necessity of the measurement enhancement for CA and the RX beam scaling factor for tunnel scenario
· Proposals
· Option 1 (Nokia): De-prioritize the requirement until the completion of the baseline CA enhancements and the completion of the studies on each specific topic
· Option 2(Ericsson): RX sweep beam number in SCell can be reduced to 1 compared to the number in PSCell on same panel either with single-panel operation or multi-panel operation
· Option 2-1 (Ericsson): Optimization on beam scaling factor shall be checked but not only applied to tunnel scenario, instead open area scenario also shall apply it

2.2.3 Sub-topic 2-3 Network signaling for Rel-18 FR2 HST CA Scenario
In last meeting, following WF was approved with FFS point
	Way forward:
· HST signaling for CA enhancement:
· Option 1: Reuse PCell signaling (i.e., Rel-17 HST FR2 flag with CA configuration from NW)
· Option 1a (Nokia): Reuse PCell signalling partially, i.e., highSpeedMeasFlagFR2-r17 for HST FR2 scenario indication on SCell
· Option 2 (Ericsson, Nokia): Define new signaling


Issue 2-3-1: Discussion on the HST signaling for CA enhancement (Option 1/Option 2)
· Proposals
· Option 1 (Nokia): RAN4 postpones the agreement on network signaling until the CA requirements are defined
· Option 2 (Ericsson): Reuse  PCell signaling for SCell in HST

3 Topic #3: UL timing adjustment solutions
Main technical topic overview. The structure can be done based on sub-agenda basis.
3.1 Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300898
	Xiaomi
	Observation 1: The benefit of explicit NW signalling assistance solution for UL timing adjustment is limited compared with existing R17 solution.

	R4-2301354
	Nokia, Nokia Shanghai Bell
	Observation 1: It is still not clear from the current Large One-shot UL timing adjustment requirement (clause 7.1.2.3) what requirements on UL TX timing shall be applied after the TCI state switching in a longer term. There is no agreement that relaxed UL TX timing accuracy shall stay and replace existing accuracy of Te in a longer term.
Proposal 1: The time needed for the UE to follow again clause 7.1.2.1 requirements (i.e., to adjust its UL timing within ±Te) after large one-shot UL timing adjustment is Trs + x ms, RS can be TRS or SSB.
Proposal 2: UL Transmit timing shall follow the requirements in 7.1.2.1 again at latest after the first TAC that follows one-step UL timing adjustment.
Observation 2: Since the UE adjusts the value of TA autonomously (i.e., independently from the NW) in the case of large one-step UL TX timing adjustment, (NTA+NTA offset) cannot be used as a reference in the requirements (clause 7.1.2) after the first TCI state switch.
Proposal 3: UE needs to report the value of large one-step UL timing adjustment back to the NW.
Observation 3: Current condition for large one short UL TX timing adjustment based on Told-Tnew is not very reliable due to possible errors in DL timing and inter-RRH synchronization errors. It was noted in Rel-17 the value of the threshold in bi-directional deployment shall be evaluated further in Rel-18.
Observation 4: The case of UL TX timing adjustment after TCI state switch in HST FR2 deployments when optional one-shot UL timing adjustment procedure is disabled is not explicitly treated in the requirements. It is not clear that neither gradual timing adjustment nor NW-signalled TA adjustment (TAC) can not be used in the case of inter-RRH TCI state switch. It was agreed at the GtW to resolve this ambiguity in the requirement.
Observation 5: UL transmissions with wrong UL Tx timing after inter-RRH TCI state switch can cause ISI interference in between UL and DL symbols or in between several UEs of the same train.
Proposal 4: UE shall be able to distinguish inter-RRH and inta-RRH TCI state switch when large one-shot UL timing adjustment is not in use.
Proposal 5: Use MAC-CE based solution (indication) to inform UE of the TCI state switch across RRHs.
Observation 6: The design cross-RRH TCI state switch indication is mostly up to RAN2. Other alternatives in addition to the considered Option 1 (MAC-CE based indication) and Option 2 (RRC signalling) can be envisioned. It can be beneficial to request for assistance from RAN2 and RAN1 WGs.
Proposal 6: In HST FR2 scenarios, UE MAC timeAlignmentTimer should be stopped after inter-RRH TCI state switch.
Proposal 7: RAN4 to prepare an LS to RAN2 (with CC to RAN1) and to request feedback on inter-RRH TCI state switch indication and UE MAC timeAlignmentTimer behaviour in this case.
Observation 8: Since HST FR2 Enhanced UE is capable of simultaneous reception from two panels, the UE should be able to keep DL time/frequency synchronization to two RRHs.
Proposal 8: RAN4 to assume that both DL TCI states used for simultaneous DL reception are in active TCI state list of HST FR2 Enhanced UE.
Observation 9: For PC6 UEs supporting simultaneous multi-panel reception, a difference in UL signal propagation delay can happen not only at DL TCI state switch but also at UL spatial relation switch performed separately.
Proposal 9: Large one-shot UL timing adjustment (Clause 7.1.2.3), if enabled, shall be triggered at inter-RRH MAC-CE based UL spatial relation switch.
Proposal 10: RAN4 to discuss whether MAC-CE based spatial relation switch to the target associated to the unknown DL RS is possible in HST FR2 scenarios.
Observation 10: UL TX timing adjustment procedure can be simplified if multi-RX capable HST FR2 UE can continue adjusting UL TX timing for both beams/RSs used in DL. Such capability does not contradict the previous agreement that only one panel can be used for UL TX.
Proposal 11: PC6 HST FR2 UE, capable of simultaneous multi-panel reception, can keep adjsuting UL TX timing corresponding to two known DL beams/RSs, e.g., by possessing two UL TA loops.

	R4-2302014
	Huawei, HiSilicon
	Observation 1: UE measurement on large DL timing difference for TCI switching is still needed for one shot large UL timing adjustment.
Observation 2: Option 1 (MAC-CE based solutions) for UL timing adjustment in HST scenario needs to introduce new signalling and increase signalling overhead.
Observation 3: Option 2 (SSB-to-RRH mapping) for UL timing adjustment in HST scenario needs to transmit more SSB resources, which has restriction on network deployment and will reduce the data transmission resources.
Proposal 1: RAN4 needs to investigate whether the benefits due to reducing the false/missed alarm for one-shot large UL timing adjustment is worth than the sacrifice in signalling overhead (for option 1) or the sacrifice in both network deployment flexibility and data available resources (for option 2).
Proposal 2: For Rel-18 FR2 HST, UE is assumed to perform UL transmissions to one RRH at the same time since simultaneous multi-panel UL transmissions is not considered for this WI.
Observation 4: UL transmit timing adjustment is not always needed for UL spatial relation switch.
Proposal 3: Whether to perform UL transmit timing adjustment depends on DL timing change detection, and there is no need to define additional UL transmit timing adjustment at UL spatial relation switch.

	R4-2302024
	Ericsson
	Proposal 1: We intend not to introduce the network signaling unless inevitable fault is found in timing adjustment framework in Rel-17.
Proposal 2: No requirements on UL transmit timing adjustment at UL spatial relation switch are needed.
Proposal 3: We don’t observe the benefit brought by introduction of UL transmit timing to two RRHs, but open to discuss if proponents can provide evidence.
Proposal 4: We intend not to introduce timeAlignemntTimer in UL timing adjustment.

	R4-2302153
	Samsung
	Proposal 1: The condition that UE measurement on DL timing difference is larger than certain threshold shall not be included as the applicable condition for Rel-18 UL timing adjustment solution. 
Proposal 2: For Rel-18 details on network signalling for UL timing adjustment solution, MAC-CE based solution is preferred to inform UE of the TCI state switch is across RRH. 
Proposal 3: RAN4 inform RAN2 that the following additional information shall be added for TCI State Indication for UE-specific PDCCH MAC CE, for Rel-18 FR2 HST scenario: 
-	One bit indication for whether or not UE shall follow the new UL timing solution when switching to the TCI State ID in MAC-CE.

	R4-2302641
	Qualcomm Incorporated
	Proposal 1: Add a MAC-CE command to inform UE of the TCI state switch is across RRH.
Proposal 2: If RRC signaling based solution is adopted, network to indicate different SSBs on adjacent RRHs having the same spatial similarity information by ordering the SSB index (to RRH mapping). 


3.2 Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Topic description:
[Moderator] Based the objectives of Rel-18 enhanced NR support for FR2 HST in WID [RP-222272], to specify UL timing adjustment solution for FR2 HST is expected to be included in this WI, which is provided as follows:
	· Specify UL timing adjustment solution, including explicit NW signalling assistance, for FR2 HST scenario with large UL/DL propagation delay difference from different RRHs/TRPs to UE [RAN4, RAN2].


During Rel-17 discussion, there are some proposals on the explicit NW signaling assistance, including RRC configuration/MAC-CE indication of whether the upcoming TCI switching is inter-RRH or not. In RAN4#101-e, the following agreement is achieved in WF [R4-2120416], particularly for one shot large uplink timing adjustment mechanism for the UL timing adjustment.
	<From approved WF R4-2120416>
For one shot large uplink timing adjustment 
Moderator note: Highlight part is agreed during RAN4 GTW session 
· It is up to network configuration to enable one shot large uplink timing adjustment mechanism
· RAN4 will further study if additional flag, e.g., unidirectional flag on top of general FR2 HST scenario flag is needed to enable one shot large uplink timing adjustment 
· RAN4 will further study the network configuration means to disable one shot large uplink timing adjustment. 
· If one shot large uplink timing adjustment is disabled, existing uplink timing adjustment, i.e., RA based mechanism, and related existing RAN4 requirements will be applied when needed 
· Introduce a mechanism for one shot large uplink timing adjustment for FR2 HST scenarios with UE allowed to adjust uplink timing beyond Tq
· FFS for conditions and additional network assistance for UE to apply one shot large uplink timing adjustment. 
· The following options can be considered for triggering condition and network assistance 
· Option 1: No condition except DL timing difference: 
· UE will apply one shot large timing adjustment if UE measurement on DL timing difference is larger than certain threshold. 
· FFS for how to define the threshold 
· Option 2: TCI switching without network assistance: 
· UE will apply one shot large timing adjustment on TCI switching occasion if UE measurement on DL timing difference is larger than certain threshold. 
· FFS for how to define the threshold 
· Option 3: TCI switching with network assistance of indication of inter-RRH and UE large DL timing change detection
· UE will apply one shot large timing adjustment on TCI switching between RRH occasion if UE measurement on DL timing difference is larger than certain threshold. 
· FFS for how to define the threshold 
· FFS for detailed network indication of inter-RRH. One example could be a flag in MAC-CE command came with TCI state switch command, or could be SSB index and order per RRH.
· Option 4: TCI switching with network assistance of indication of inter-RRH but without UE large DL timing change detection
· UE will apply one shot large timing adjustment on TCI switching between RRH occasions 
· FFS for detailed network indication of inter-RRH. One example could be a flag in MAC-CE command came with TCI state switch command, or could be SSB index and order per RRH.
· Performance degradation and impact to signalling design shall be discussed for above procedures
· RAN4 will further discuss the accuracy performance and testing issues based on conclusion of above procedures   


Besides, some companies [R4-2301354] recognize that multiple issues related to large one-step UL timing adjustment are kept open in previous RAN4#104-e meeting. The open issues listed in the WF are captured as below
	<From approved WF R4-2215154, WF on HST FR2 RRM Core Requirement Maintenance >
1.1 Large one-step UL timing adjustment
Way forward on large one-step UL timing adjustment
Open issue needs further discussion:
· Option 1: Clarify the requirement if target TCI state is not in the active TCI state list and the DL timing difference is larger than [CP/4]
· Option 1a: If target TCI state is not in the active TCI state list and the DL timing difference is larger than [CP/4], limit the time needed for the UE to follow again clause 7.1.2.1 requirements and to adjust its UL timing within ±Te. It should happen not later than Trs + 2ms after the TCI state switch.
· Option 1b: Same as above, but Tssb is used instead of Trs
· Option 1c: Tq requirement in 7.1.2.1 applicable to UL slots except the first after TCI state switch.
· Option 1d: The gradual timing adjustment step of Tq shall be applied after the one shot uplink timing adjustment after TCI state switch.
· Option 1e: The gradual timing adjustment in 7.1.2.1 with reference timing T_new - (N_TA + N_TA_offset) + 2*(T_old - T_new) is applicable to UL slots except the first after TCI state switch.
· Other options are not precluded
· Option 2: Keep current specification as it is.
Way forward on the value of relaxed UL transmit timing accuracy
Open issue needs further discussion:
· Option 1: Remove square brackets and use ±7Ts as relaxed UL transmit timing accuracy in the current requirement.
· Option 1a: Remove square brackets and use ±7*64*Tc as relaxed UL transmit timing accuracy in the current requirement.
· Option 2: Do not distinguish the case “new target TCI state is not in the active TCI state list” and “in the active TCI state” and use ±7Ts accuracy for both.
1.2 Other remaining UL transmit timing issues
Way forward on UL timing requirement when large one-step mechanism is disabled:
Open issue needs further discussion:
· Option 2: No impact on UE behavior (no additional requirements)
· Option 4: After the TCI state switch, the UE shall not transmit except for RACH preamble in the new target TCI before one of the following conditions is fulfilled:
· the new timing advance is acquired and applied in the target TCI state according to the requirements in clause 7.3;
· the UL transmission is scheduled by the gNB.
In this case, the requirements in clause 7.1.2.1 apply.
· Option 6: Power Class 6 UE initial transmission timing error after the TCI state switch shall be less than or equal to ±Te. Enhance the requirement in 7.1.2.
· Option 7: Introduce a DL timing difference threshold when highSpeedLargeOneStepUL-TimingFR2 is disabled.
· Other options are not precluded


Based on their comments, alongside the original issues discussed in RAN4#105 meeting, the additional issue on large one-step UL timing adjustment from the previous RAN4#104-e meeting adjustment is taken into account as well, which is discussed as sub-topic 3-1: Clarification and enhancements in large one-step UL timing adjustment.
The topic is discussed below by breaking down into 4 sub-topics:
· Sub-topic 3-1: Clarification and enhancements in large one-step UL timing adjustment
· Sub-topic 3-2: General view on UL timing adjustment solution
· Sub-topic 3-3: UL transmit timing adjustment at UL beam switch 
· Sub-topic 3-4: Analysis on the impact of large propagation delay jump on timeAlignemntTimer 
It is encouraged that companies to contribute views under each sub-topic/issue. The sub-topics/issues and the corresponding possible options are listed in the following.
Open issues and candidate options before meeting:
3.2.1 Sub-topic 3-1 Clarification and enhancements in large one-step UL timing adjustment
Issue 3-1-1: On necessary clarifications in Large One-step UL TX timing adjustment
· Proposals
· Option 1 (Nokia): 
· The time needed for the UE to follow again clause 7.1.2.1 requirements (i.e., to adjust its UL timing within ±Te) after large one-shot UL timing adjustment is Trs + x ms, RS can be TRS or SSB.
· UL Transmit timing shall follow the requirements in 7.1.2.1 again at latest after the first TAC that follows one-step UL timing adjustment
· UE needs to report the value of large one-step UL timing adjustment back to the NW

3.2.2 Sub-topic 3-2 General view on UL timing adjustment solution
[Moderator]  In the WF [R4-2220396], the followings were agreed to further study at RAN4#105:
	Way forward:
The issue requires further study:
· Clarify the improvement or the performance gain compared with existing R17 solution.
· Details on network signalling (based upon Option 3 and 4 captured in WF R4-2120416):
· Option 1: MAC-CE based solutions to inform UE of the TCI state switch is across RRH
· Option 2: Embedded spatial similarity (QCL-like relation for beams across RRHs) information by ordering the SSB index (to RRH mapping) signalled in RRC solution
· Other options are not precluded
· Proponents of network signaling are encouraged to provide design details in next RAN4 meeting.


Issue 3-2-1: Explicit NW signalling assistance
[Moderator] [R4-2300898] and [R4-2301354] have good observations about the benefit of explicit NW signalling assistance solution for UL timing adjustment, which is also captured as follows.
· Observations
· Observation from Xiaomi: The benefit of explicit NW signalling assistance solution for UL timing adjustment is limited compared with existing R17 solution
· Observations by Nokia:
· Current condition for large one short UL TX timing adjustment based on |T_old-T_new | is not very reliable due to possible errors in DL timing and inter-RRH synchronization errors. It was noted in Rel-17 the value of the threshold in bi-directional deployment shall be evaluated further in Rel-18.
· [bookmark: _Toc127537455]UL transmissions with wrong UL Tx timing after inter-RRH TCI state switch can cause ISI interference in between UL and DL symbols or in between several UEs of the same train.
· Proposals
· Option 1 (Samsung): Option 4.
· Option 1-1 (Samsung): The condition that UE measurement on DL timing difference is larger than certain threshold shall not be included as the applicable condition for Rel-18 UL timing adjustment solution
· Option 2 (Nokia): UE shall be able to distinguish inter-RRH and intra-RRH TCI state switch when large one-shot UL timing adjustment is not in use

Issue 3-2-2: Details on network signaling (based upon Option 3 and 4 captured in WF R4-2120416)
· Proposals
· Option 2 (Nokia, Samsung, QC): MAC-CE based solutions to inform UE of the TCI state switch is across RRH
· Option 2-1 (Samsung, Nokia): RAN4 inform RAN2 that the following additional information shall be added for TCI State Indication for UE-specific PDCCH MAC CE, for Rel-18 FR2 HST scenario: 
· One bit indication for whether or not UE shall follow the new UL timing solution when switching to the TCI State ID in MAC-CE
· Option 2-2 (QC): If RRC signalling based solution is adopted, network to indicate different SSBs on adjacent RRHs having the same spatial similarity information by ordering the SSB index (to RRH mapping)
· Option 3 (Huawei): RAN4 needs to investigate whether the benefits due to reducing the false/missed alarm for one-shot large UL timing adjustment is worth than the sacrifice in signalling overhead (for option 1) or the sacrifice in both network deployment flexibility and data available resources (for option 2)
· Option 4 (Ericsson): Not to introduce the network signalling unless inevitable fault is found in timing adjustment framework in Rel-17.
· Option 5 (Nokia): RAN4 to prepare an LS to RAN2 (with CC to RAN1) and to request feedback on inter-RRH TCI state switch indication.

3.2.3 Sub-topic 3-3 UL transmit timing adjustment at UL beam switch
In last meeting, following WF was approved with FFS point
	Way forward:
The issue requires further study:
· Whether requirements on UL transmit timing adjustment at UL spatial relation switch are needed
· [bookmark: _Toc118574645]Whether PC6 UE, capable of simultaneous multi-panel reception, can support UL transmit timing to two RRHs


Issue 3-3-1: Whether requirements on UL transmit timing adjustment at UL spatial relation switch are needed
· Proposals
· Option 1 (Nokia): Yes
· Option 1-1 (Nokia): 
· Large one-shot UL timing adjustment (Clause 7.1.2.3), if enabled, shall be triggered at inter-RRH MAC-CE based UL spatial relation switch
· RAN4 to discuss whether MAC-CE based spatial relation switch to the target associated to the unknown DL RS is possible in HST FR2 scenarios
· PC6 HST FR2 UE, capable of simultaneous multi-panel reception, can keep adjusting UL TX timing corresponding to two known DL beams/RSs, e.g., by possessing two UL TA loopsOption 2 (Huawei, Ericsson): No
· Option 2-1 (Huawei): 
· Whether to perform UL transmit timing adjustment depends on DL timing change detection, and there is no need to define additional UL transmit timing adjustment at UL spatial relation switch
Issue 3-3-2: Whether PC6 UE, capable of simultaneous multi-panel reception, can support UL transmit timing to two RRHs
· Proposals
· Option 1 (Nokia): Yes
· Option 1-1 (Nokia): 
· PC6 HST FR2 UE, capable of simultaneous multi-panel reception, can keep adjusting UL TX timing corresponding to two known DL beams/RSs, e.g., by possessing two UL TA loops
· RAN4 to assume that both DL TCI states used for simultaneous DL reception are in active TCI state list of HST FR2 enhanced UE
· Option 2 (Huawei, Ericsson): No
· Option 2-1 (Huawei): 
· For Rel-18 FR2 HST, UE is assumed to perform UL transmissions to one RRH at the same time since simultaneous multi-panel UL transmissions is not considered for this WI
· Option 2-2 (Ericsson): 
· No benefit brought by introduction of UL transmit timing to two RRHs can be observed
3.2.4 Sub-topic 3-4 Analysis on the impact of large propagation delay jump on timeAlignemntTimer
In last meeting, following WF was approved with FFS point
	Way forward:
FFS, potential impacts of large jump in propagation delay on UE MAC timeAlignmentTimer.


Issue 3-4-1: Discussion on potential impacts
· Proposals
· Option 1 (Nokia): 
· In HST FR2 scenarios, UE MAC timeAlignmentTimer should be stopped after inter-RRH TCI state switch.
· RAN4 to prepare an LS to RAN2 (with CC to RAN1) and to request feedback on inter-RRH TCI state switch indication and UE MAC timeAlignmentTimer behaviour in this case
· Option 2 (Ericsson): Not to introduce timeAlignemntTimer in UL timing adjustment

4 Topic #4: Others
[Moderator]: No contribution under this AI, the [R4-2302022] from Ericsson is suggested to move to Agenda Item:	9.12.4.


