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[bookmark: _Toc116995841]Introduction
One of the main purposes of Release 18 WID on enhanced NR support for high-speed train (HST) in frequency range 2 (FR2) [1] is to improve the performance by considering CPE with simultaneous multi-panel operation through the following objective:
	4.1	Objective of SI or Core part WI or Testing part WI
· 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.




Based on the WID [1], following work plan has been proposed for RAN4-106 meeting [2]
	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. 



In this contribution, we present further analyses of HST FR2 simultaneous muti-panel operation following the agreed way forward and provide our inputs on open issues identified during RAN4#105 meeting [3].


[bookmark: _Toc116995842]Discussion
On feasible deployments
The following WF and agreement were achieved at RAN4#105 meeting [3]:
	Issue 2-1-1: Deployment scenario for FR2 HST multi-panel simultaneous reception
Agreements:
· 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.




As there are different understandings/definitions of the term “panel”, for Rel-18 FR2 HST RRM discussions, we suggest following CPE configuration assumptions from Rel-17 NR FR2 HST [4] where it has been assumed that the CPE UE is equipped with 2 panels both for TX and RX. Each panel points in opposite directions.
[bookmark: _Toc127552624]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. 

Based on the discussions and detailed system-level simulation results provided in RAN4#105 meeting, it has been shown that bidirectional RRH deployment scenarios (i.e., Scenario-A or Scenario-B), compared to uni-directional scenarios, are more advantageous for simultaneous multi-panel operation. As described in Figure 1, the CPE can be configured to simultaneously be connected to two RRHs using different Rx panels. This significantly enhances the UE experienced throughput as well as the reliability and enables the network to perform better load balancing.





[bookmark: _Ref118385341][bookmark: _Ref118454874]Figure 1: HST FR2 bi-directional deployments with simultaneous multi-panel reception: Scenario-A on the top and two schemes for Scenario-B at the bottom.

Observation 1: Bi-directional deployment is the most promising deployment scenario for simultaneous two-panel reception.
[bookmark: _Hlk127478986][bookmark: _Hlk127479008][bookmark: _Toc127552625]RAN4 to focus on bi-directional deployment to identify RRM requirement.

Regarding the RF architecture to support multi-panel simultaneous reception, we have provided additional discussions covering both uni and bi-directional deployments in our accompanying contribution [5]. As provided in Figure 2, a CPE UE with the capability of having at least two active RF chains that can be activated from one panel, is able to well-support both uni and bi-directional deployments up to DL rank-4 transmission.
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[bookmark: _Ref127504489]Figure 2: Uni-directional and bi-directional scenarios for determining RF architecture in Rel-18 enhanced FR2 HST. The UE should support 2 active RF chains from one panel to be able to simultaneously receive both RRHs in two-sided deployment (top figure). The UE requires at least one active RF chain to receive signal/data from only one RRH i.e., single panel operation (second and third figure). The UE requires two active RF chains (one per panel) to simultaneously receive from two RRHs in bi-directional deployment (last figure).

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).
[bookmark: _Toc127552626]Regarding RF requirements, RAN4 to clarify per-panel and total number of active RF chains in Rel-18 HST.

On multi-panel simultaneous reception features in HST FR2
The following WF must considered after RAN4#105 meeting [3]:
	Issue 2-1-2: RF chains for FR2 HST multi-panel simultaneous reception
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



Assuming bi-directional deployment (as agreed in previous meeting), following cases shows the benefits of simultaneous multi-panel operation:
· The CPE is closer to one RRH and performs transmission/reception from the panel pointing toward the RRH. In this case, to avoid measurement interruption time and perform timely beam switch/handover, the CPE should be able the to search and measure (L1/L3) from the opposite panel simultaneously with data reception from the first panel.
· The CPE is between the two RRHs receiving signal with the same strength from both directions. In this case, to maximize the throughput and/or reliability, the CPE should be able to receive data simultaneously from both panels.
· When the CPE is in connected/idle/inactive mode it is important to be able to search/measure (L1/L3) from both panels simultaneously to speed up proper beam selection, cell (re)selection, and/or carrier aggregation setup/resume procedure.
Based on the above discussion, we may assume following simultaneous multi-panel operation modes in enhanced Rel-18 FR2 HST.
[bookmark: _Ref127394464]Table 1: Simultaneous operation modes in FR2 HST.
	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.
	



Observation 3: [bookmark: _Hlk126913676]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).
[bookmark: _Hlk127425275][bookmark: _Toc127552627]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 1 above. Note that the multiple modes can be supported by the CPE UE.
[bookmark: _Toc127552628]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).

On transmission scheme
Regarding the transmission scheme the following agreements have been made as the way forward during the previous meeting.
	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.




Due to the channel/radio link dynamics caused by fast movement of the train, the CPE experiences large differences in pathloss/ propagation delays towards non-collocated RRHs which cause power imbalance and different channel qualities between radio links. In a such scenario, to maximize the performance, the UE should be able to support mDCI, i.e., be able to receive independent PDCCH and PDSCH. For same reasons NCJT is the most promising scheme to be considered for Rel-18 HST FR2 enhanced deployments. However, regarding other options e.g., coherent joint transmission, s-DCI, or SFN transmission e.g., for PDCCH reliability enhancements, the scenarios and benefits need to further be studied.
[bookmark: _Hlk126912471][bookmark: _Toc127552629]mDCI should be supported for Rel-18 FR2 PC6 UEs.
[bookmark: _Hlk126912335][bookmark: _Toc127552630]RAN4 to focus on NCJT as the main transmission scheme in Rel-18.
[bookmark: _Hlk127509467][bookmark: _Toc127552631]RAN4 to further study the scenarios and potential gains of other transmission schemes such as CJT s-DCI, and SFN transmission.

On CA and simultaneous multi-panel reception
An additional aspect that was discussed at RAN#105 meeting was joint support of simultaneous multi-panel reception and CA. 
	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.



We are discussing RRM CA requirements for HST FR2 scenarios in a separate accompanying paper [6]. However, for the sake of simplicity we focus on the case of single-panel reception, i.e., for Rel-17 compliancy. On the other hand, we also see it beneficial to support CA operation jointly with simultaneous multi-panel reception.
[bookmark: _Hlk126913147]Rel-18 FR2 HST assume in-band carrier aggregation. Considering the expected high throughput requirement of such devices, and relaxed constraints on energy consumption, enabling CA with two RRHs significantly enhances the user experienced throughput and bring additional flexibility for better load balancing at the network side. 
[bookmark: _Toc127552632]Rel-18 FR2 PC6 UE should have a capability to enable multi-RX chains on more than on component carrier.

On MRTD
The discussion of Maximum Receive Timing Difference (MRTD) in HST FR2 scenarios continued at RAN4#105 [3]:
	Issue 2-1-3: MRTD for FR2 HST multi-panel simultaneous reception
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)



As discussed by many companies during the previous meeting, propagation delays corresponding to non-collocated RRHs in HST scenarios are considerably above the values observed in the usual deployments e.g., for handheld PC3 UEs. For simultaneous transmissions that are coming from two RRHs 700m away from each other, the propagation delay difference in between the two received signals is around 2.3us, which is 4 times more than the CP length at 120 kHz SCS (CP = 0.58us).
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).

UE behavior with respect to MRTD should be deployment independent and based on the UE capability. Deployment dependent MRTD assumption may limit the use cases and lead to unnecessary additional efforts to support other similar deployment scenarios in future.
[bookmark: _Hlk126913314][bookmark: _Toc127552633] Rel-18 FR2 PC6 UE should support simultaneous data reception from two panels with MRTD more than the CP length.
[bookmark: _Toc127552634]MRTD assumption for Rel-18 FR2 PC6 UE should be part of the UE requirement and deployment independent.

On UL beam switching
The issue on the potential enhancements in uplink spatial relation switch left open after RAN4#105 [3]:
	Issue 2-1-5: UL and DL beam switching for FR2 HST multi-panel simultaneous reception
Way forward:
· [bookmark: _Hlk127526606]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.   



It is a common understanding the HST FR2 CPE is equipped with two panels oriented into two opposite directions along the railway track. Thus, the UE may receive good channel qualities from two non-collocated RRHs. Since the selection of RRHs for UL and DL depends on the network decision, the UE may be scheduled to send the UL to a RRH independently from the serving DL RRH/RRHs. As a result, the change of UE UL beam and DL beam do not always need to happen at the same time as it was assumed in Rel-17.
We additionally discuss the impacts of inter-RRH UL spatial relation switch on UL TX timing in our accompanying paper [7]. Nevertheless, we would like to clarify the switching delay aspect below as well.
The requirements on MAC-CE based spatial relation switch delay is defined in TS 38.133, Clause 8.12.3:
	If the target spatial relation associated to DL RS is known, upon receiving PDSCH carrying MAC-CE activation command in slot n, for UL spatial relation switch for PUCCH or semi-persistent SRS transmission of serving cell with a target UL spatial relation, the UE shall be able to transmit PUCCH or semi-persistent SRS with the target UL spatial relation in the slot n+ THARQ + + 1 when beamCorrespondenceWithoutUL-BeamSweeping is set to 1 where THARQ is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3].

If the target spatial relation associated to DL RS is unknown, upon receiving PDSCH carrying MAC-CE activation command in slot n, for UL spatial relation switch for PUCCH or semi-persistent SRS transmission of serving cell with a target UL spatial relation, the UE shall be able to transmit PUCCH or semi-persistent SRS with the target UL spatial relation in the slot n+ THARQ + + TL1-RSRP+1 when beamCorrespondenceWithoutUL-BeamSweeping is set to 1.



If the target spatial relation associated to DL RS is known, i.e., we can assume that UE is in synch to the corresponding DL beam/RS, then short switching delay seems to be reasonable. However, in the case when DL RS is not known, a longer time may be needed for the UE to synchronize to the new unknown DL beam, i.e., similar to the HST FR2 requirement on DL MAC-CE based TCI stat switching from 8.10.3A when target beam is not 
[bookmark: _Toc127552635]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.
[bookmark: _Toc127552636]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.

[bookmark: _Toc116995848]Conclusion
In the paper, we provide the analyse of feasible deployments and key UE features important for the support of simultaneous multi-panel reception in HST FR2 scenarios.
The following observations and proposals are made:
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.
Proposal 2: RAN4 to focus on bi-directional deployment to identify RRM requirement.
Proposal 3: Regarding RF requirements, RAN4 to clarify per-panel and total number of active RF chains in Rel-18 HST.
	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.
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.
[bookmark: _Toc116995849]
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