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1. Introduction
In RAN Plenary #89-e, the RAN4-led work item of NR support for high speed train scenario in FR2 has been approved [1, RP-202118] (which has been further revised to [2, RP-210800]).  In this contribution, we would like to further discuss the remaining issues on network signaling and UE capability for FR2 HST. 

2. Network Signaling
In the last RAN4 meeting (RAN4#101-e), the following agreement on network signaling is achieved in WF [7, R4-2120292]: 
	<From approved WF R4-2120292>
· WF1: Network signaling
· Signaling for differentiation between Scenario-A and Scenario-B
	GtW Agreement:
Introduce network signalling to configure UE to follow either Set 1 or Set 2 RRM requirements


· Signaling of uni-/bi-directional operation
	Way forward:
Discuss further a need to introduce network signaling:
· Option 1: Network signals type of deployment (uni- or bi-direction) to UE.
· Option 2: Signaling of uni-/bi-directional operation is not needed.


· Signalling of network assistance information
	Way forward:
· Further discuss signaling of RRH SSB configuration:
· Option 1: Enable network assisted signaling of SSB index and order per RRH
· Option 2: Network can indicate different SSBs on adjacent RRHs having the same QCL property: signal the mapping between the repeated sets of beams from the adjacent RRHs when deployment parameters Dmin and Ds are similar for adjacent RRHs.
· Option 3: The system can work without such assistance signaling
· FFS, whether and which assistance signaling is needed to resolve potential mobility issue when the train is travelling direction is opposite to the serving beam orientation.
· FFS, whether to consider a change of RRH panel orientation of RRH panel in uni-directional deployment
· FFS, whether network signals the beam direction of new RRH, to which UE is switching, w.r.t. UE moving direction when it changes






2.1 Network Signalling to Configure UE for Set 1 or Set 2 RRM Requirements
As agreed in last RAN4 meeting, it is agreed to define “only two sets of enhanced RRM requirements in terms of number of RX beams (i.e. RX beam sweeping scaling factor) per UE: (1) Set 1: 2 RX beams; (2) Set 2: 6 RX beams”, and it is also agreed that “Introduce network signalling to configure UE to follow either Set 1 or Set 2 RRM requirements”. 
Accordingly, similar to Rel-16 IE highSpeedMeasFlag-r16 contained in IE HighSpeedConfig-r16, RAN4 needs to inform RAN2 the necessity of introducing similar signaling for Rel-17: 
Proposal 1: RAN4 needs to inform RAN2 to introduce the network signaling to configure UE to follow either Set 1 or Set 2 enhanced RRM requirements in terms of different RX beams (i.e. RX beam sweeping scaling factor) per UE. 

2.2 Network Signaling of Uni-/Bi-directional Operation
It is noted that the sets of requirement differs in the number of RX beams (i.e. RX beam sweeping scaling factor) per UE, while both sets of requirements cover uni- and bi-directional operation. In other words, the same UE requirement is applied under either uni- or bi-directional operation. Straightforwardly, there will be less necessity for NW to indicate uni- or bi-directional operation if the same requirements applies to UE.   
Proposal 2: Network signaling of uni-/bi-directional operation shall not be introduced in Rel-17 FR2 HST WI.

2.3 Network Signalling of Network Assistance Information for RRH SSB Configuration
During the discussion on one shot large UL timing adjustment mechanism, some companies proposed there is a need for network assistance of indication of inter-RRH (e.g., a flag in MAC-CE command came with TCI state switch command, or RRC signaling for SSB index and order per RRH), therefore it is proposed to further discuss the signaling of RRH SSB configuration. The discussion comes from the fact that the one shot large UL timing adjustment is only of necessity for inter-RRH deployment rather than intra-RRH deployment. However, the complexity of introducing the network assistance of indication of inter-RRH should not be overlooked: 
(1) From the necessity of the network assistance information perspective: For bi-directional RRH deployment, even inter-RRH beam switching does not necessarily mean there is large propagation delay difference. In other words, even RAN4 introduce the network assistance of indication of inter-RRH, a complicated applicability rule (involving uni-/bi-directional deployment, etc.) is still required, otherwise the information of inter-/intra-RRH cannot be useful. 
(2) From the complexity of introducing network assistance information perspective: For the RRC signaling for SSB index and order per RRH, obviously it is needed to be broadcast in SIB which will incur additional overhead, and more seriously we have not yet seen a solid and simple proposal which can be delivered to RAN2 for implementation directly before the completion deadline of Rel-17 work item (i.e., within Q1 2022). 
Based on the above-mentioned reasons, and also based on our analysis on FR2 HST timing (in our accompanying contribution in this meeting), we propose that no network assistance of SSB configuration shall be introduced in Rel-17 FR2 HST work item. 
Proposal 3: The network assistance of SSB configuration (e.g., RRC signaling for SSB index and order per RRH, or other indication for inter-/inter-RRH) shall not be introduced in Rel-17 FR2 HST WI. 

2.4 Network Signaling to Enable One Shot Large UL Timing Adjustment
As approved in last meeting’s WF on RRM part 2, one shot large UL timing adjustment mechanism is agreed to be introduced, while it is also agreed that “It is up to network configuration to enable one shot large uplink timing adjustment mechanism”: 

	<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  



Accordingly, by following last meeting’s agreement, we propose to define a network signaling to enable one shot large uplink adjustment mechanism.
Proposal 4: A new NW signaling is introduced for NW to enable the one shot large UL timing adjustment. 
4. LS to RAN2 on Network Signaling 
As discussed above, RAN4’s conclusion on network signaling and UE capability shall be delivered to RAN2 to complete the corresponding signaling definition for FR2 HST work item. Below is the proposed draft LS. 
	Title:	[Draft] LS on Network Signalling for Rel-17 NR FR2 HST RRM
Response to:	- 
Release:	Rel-17
Work Item:	NR_HST_FR2

Source:	RAN WG4
To:	RAN WG2
Cc:	- 

Contact Person:	
Name:	Wang, He (Jackson)	
E-mail Address:	h0809(dot)wang(at)samsung(dot)com

Attachments:	N/A


1. Overall Description:
In the Rel-17 work item on NR support for high speed train scenario in FR2 (NR_HST_FR2), RAN4 has agreed to define two sets of enhanced RRM requirements for both RRC Connected and Idle mode, which differs in terms of number of RX beams (i.e. RX beam sweeping scaling factor) per UE:
· Set 1: 2 RX beams
· Set 2: 6 RX beams
Accordingly, there is the necessity of introducing network signaling to configure UE to follow either Set 1 or Set 2 enhanced RRM requirements, as specified in TS 38.133. 
Furthermore, RAN4 agreed to introduce new NW signaling is introduced for NW to enable the one shot large UL timing adjustment. If the signaling is present, FR2 power class 6 UE shall apply the RRM requirement defined for one shot large UL timing adjustment, as specified in TS 38.133. 
It should be noted that the above two network signalings are only applicable to FR2 power class 6 UE, which is FR2 UE type for high speed train roof-mounted UE. RAN4 suggest the signaling design for above two features can follow the similar Rel-16 flag for highSpeedMeasFlag-r16 to be contained in HighSpeedConfig, with the suggested descriptions provided as below: 
	HighSpeedConfig field descriptions

	[highSpeedMeasFR2Flag]
If the field is set1 and UE support FR2 power class 6, the UE shall apply the Set 1 enhanced RRM requirements for FR2 HST UE as specified in TS 38.133 [14].
If the field is set2 and UE support FR2 power class 6, the UE shall apply the Set 2 enhanced RRM requirements for FR2 HST UE as specified in TS 38.133 [14].

	[highSpeedOneShotLargeULTimingAdjustmentFR2Flag]
If the field is present, UE supporting FR2 power class 6 shall apply the RRM requirement defined for one shot large UL timing adjustment as specified in TS 38.133 [14].



RAN4 kindly asks RAN2 to design the above two network signalings, by taking the above information into account, to support Rel-17 NR FR2 HST operation.

2. Actions:
To RAN WG2 group.
[bookmark: _Hlk77584570]ACTION: 	RAN4 kindly asks RAN2 to design the above two network signalings, by taking the above information into account, to support Rel-17 NR FR2 HST operation.

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN WG4 Meeting #102-e	21 Feb. – 3 March 2022		e-Meeting
TSG-RAN WG4 Meeting #103-e	16 – 27 May 2022				e-Meeting



3. UE Capability
3.1 UE Capability to Support Set 1 and Set 2 Enhanced RRM Requirement
In the last RAN4 meeting (RAN4#101-e), the following agreement on UE capability is achieved in WF [7, R4-2120292]: 
	<From approved WF R4-2120292>
· WF2: UE capabilities
· Capability to support different RX beam sweeping number
	Way forward:
Further discuss UE capability to support different RX beam sweeping number:
· Option 1: Define different UE capabilities to support 2Rx beams and 6Rx beam operation.
· Option 2: UE can support both 2Rx and 6Rx beams operations and adapt the number of Rx beams accordingly. No capacity is needed.



· Capability to support HST FR2 scenario
	Agreement:
It is not necessary to introduce UE capability to indicate the support of FR2 HST.



· Capability to change RX beam sweep number
	Agreement:
No need for CPE capability to change beam sweep number in uni-/bi-directional operation.






As agreed in RF session, it is agreed to introduce new power class for FR2 HST UE, by numbering as UE power class 6 and specifying UE type as ”High Speed Train Roof-Mounted UE”, which is aligned with the agreement in RRM session, i.e., ”It is not necessary to introduce UE capability to indicate the support of FR2 HST”. 
From the deployment scenario perspective, it is possible that UE may face different kind of deployments (e.g., Scenario-A, Scenario-B, or some kind of deployment in between) along different part of railway. Therefore, it is suggeseted that UE shall have the capability to support two sets of requirements with differentt RX beam sweeping number. 
Proposal 5: FR2 HST UE (power class 6 UE) shall mandatorily support both Set 1 and Set 2 enhanced RRM requirements, in terms of different RX beams (i.e. RX beam sweeping scaling factor) per UE. 

3.2 UE Capability for One Shot Large UL Timing Adjustment Mechanism
In our accompanying paper, the necessity of introducing the one shot large UL timing adjustment is provided. In short, this mechanism is introduced to handle the large propagation delay difference experienced in FR2 HST during TCI switching. Accordingly, we propose that FR2 power class 6 UE shall mandatorily support the mechanism of one shot large UL timing adjustment. 
Proposal 6: FR2 HST UE (power class 6 UE) shall mandatorily support the mechanism of one shot large UL timing adjustment. 

4. Conclusion
In this contribution, we provided the discussion on the remaining issues on network signaling and UE capability for FR2 HST, with the following observation and proposals obtained: 
<Network Signaling>
Proposal 1: RAN4 needs to inform RAN2 to introduce the network signaling to configure UE to follow either Set 1 or Set 2 enhanced RRM requirements in terms of different RX beams (i.e. RX beam sweeping scaling factor) per UE. 
Proposal 2: Network signaling of uni-/bi-directional operation shall not be introduced in Rel-17 FR2 HST WI.
Proposal 3: The network assistance of SSB configuration (e.g., RRC signaling for SSB index and order per RRH, or other indication for inter-/inter-RRH) shall not be introduced in Rel-17 FR2 HST WI. 
Proposal 4: A new NW signaling is introduced for NW to enable the one shot large UL timing adjustment. 

<UE Capability >
Proposal 5: FR2 HST UE (power class 6 UE) shall mandatorily support both Set 1 and Set 2 enhanced RRM requirements, in terms of different RX beams (i.e. RX beam sweeping scaling factor) per UE. 
Proposal 6: FR2 HST UE (power class 6 UE) shall mandatorily support the mechanism of one shot large UL timing adjustment. 
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