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Introduction
The working area for RAN4 Rel-17 non-spectrum WI/SI proposals were agreed in RP-201331. The scope of this email discussion is to stabilize the scope of FR2 HST based on the input from RP-200846 (Nokia) and RP-200896 (Samsung).
List of candidate topics for this assigned e-mail discussion
· Topic #1: Target scenarios 
· Topic #2: Objectives for RF core parts
· Topic #3: Objectives for RRM core parts 
· Topic #4: Objective for performance part
· Topic #5: Details of drafting WID, including justification, time scale and expected output (new specifications, impacted new specifications)  
Topic #1: Target scenarios
Companies’ contributions summary
	Company
	Proposals / Observations

	Nokia
	· This work item focuses on train car-mounted high-power devices only.
· Single-panel and/or multi-panel?
· NR SA with PCell in FR2.
· The channel model: 
· HST-SFN scenarios, i.e. multiple RRHs connecting to one BBU. The channel model for HST-SFN will be discussed in this WI.
· HST single tap channel model open-space
· Other channel models are not precluded
· The maximum Doppler frequency will be investigated and determined based on operating frequency, velocity and the NR design limitations for all UL/DL physical channels.
· Target band n261.
· The feasibility of supporting speeds of up to a maximum of 250km/h will be investigated. The actual maximum supported velocity will be decided in this WI.

	Samsung
	· Vehicle-roof mounted customer-premises equipment (CPE), which are expected to communicate with track-side deployed gNBs for the backhaul link and to further provide on-board broadband connections to user terminals and/or for other train-specific demands as access link. 
· NR SA single carrier scenario in FR2
· Detailed frequency bands in FR2 will be decided in this WI
· Further study the channel model for FR2 HST
· Both uni-directional SFN and bi-directional SFN shall be studied 
· Other channel model is not precluded 
· The maximum Doppler frequency will be investigated and determined based on operating frequency, velocity and the NR design limitations for all UL/DL physical channels.
· The feasibility of supporting speeds of up to a maximum of 500km/h will be investigated. The actual maximum supported velocity in Rel-16 FR2 frequency bands will be decided in this WI.



Open issues summary
Sub-topic 1-1: Whether below target scenarios for FR2 HST can be confirmed? 
· Train-roof mounted customer-premises equipment (CPE), which are expected to communicate with track-side deployed gNBs for the backhaul link and to further provide on-board broadband connections to user terminals and/or for other train-specific demands as access link. 
· FR2 single carrier, i.e., NR SA with PCell in FR2 
· Maximum Doppler frequency will be investigated and determined based on operating frequency, velocity and the NR Rel-16 design limitation for all UL/DL physical channels 
· The feasibility of supporting speeds of up to a maximum of 250km/h will be investigated. The actual maximum supported velocity in Rel-16 FR2 frequency bands will be decided in this WI.
Sub-topic 1-2: For candidate FR2 frequency bands, is there any other bands request except band n261?
Sub-topic 1-3: Whether the HST single tap channel model shall be included in the WI phase, two options: 
· 	Option 1: Yes
· Option 2: No
Sub-topic 1-4, For HST SFN, whether the uni-directional and bi-directional SFN shall be considered as baseline? 
· 	Option 1: Yes
· Option 2: No
Sub-topic 1-5: For train-mounted CPE, any implementation assumption for Rel-17? Also, companies’ interpretation on the implementation assumptions are encouraged to facilitate the further discussions. 
· Option 1: Single-panel only
· Option 2: Single-panel and/or multi-panel
Companies views’ collection 
	Company
	Comments

	Nokia, Nokia Shanghai Bell
	Sub-topic 1-1:
Scenario can be confirmed (with 250km/h typo corrected).
Sub-topic 1-3:
HST single tap channel can serve as baseline.
Sub-topic 1-4:
The decision of uni- vs. bi-directional should be taken based on discussions during the WI. It does not seem immediately obvious to us, that one or the other could be excluded.
Sub-topic 1-5:
For this WI, the implementation should be constrained to Rel-15/16 UE features. Rel-17 HST SFN enhancements are currently treated in NR_feMIMO and RAN4 can contribute there.
Concerning Rel-16 features, there is no full multi-panel operation option: “MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission”, hence the RAN4 should operate under the single-panel assumption. Detailed discussions are expected in the beginning of the WI.

	Intel
	Sub-topic 1-1: Whether below target scenarios for FR2 HST can be confirmed?
· Prefer to study maximum speed up to 250km/h. The WI shall aim to identify whether the maximum speed can be supported, or only smaller values are feasible.
Sub-topic 1-2: For candidate FR2 frequency bands, is there any other bands request except band n261?
· The exact bands can be identified during the WI stage based on operators’ requests. 
· Demodulation requirements shall be defined in a band-agnostic manner. The frequency band can be used to identify target max Doppler frequency.
Sub-topic 1-3/4: Channel models, deployment and transmission schemes
· Focus on multi-RRH deployments with multiple RRHs connected to a single BBU
· Channel model will depend a lot on the deployment parameters and operator inputs are encouraged. Also, recommend RAN4 to align on the deployment scenarios and parameters with ongoing RAN1 studies on FR2 HST in feMIMO WI. 
· Further discussion on the candidate TX schemes is needed. In case of FR2 beam-based operation, the benefits of SFN transmission from multiple RRHs are not straightforward at least for PDSCH. Propose to further assess the applicable Tx schemes as a part of the WI discussion. 
· The channel models are related to the Tx scheme selection and can be discussed in more details in the WI stage. HST SFN Uni/Bi-directional scenarios were investigated for FR1 operation and may not be directly applicable to FR2. In case of single panel Tx/Rx, UE will select the beams pointing towards the direction of one of the TRPs. So, even in case of SFN transmission from multiple RRHs, the effective channel model at the UE side is expected to be quite similar to the HST single tap model. Therefore, we prefer to prioritize HST single tap models.  
Sub-topic 1-5: Number of UE panels 
· Single panel UEs shall be considered as baseline. 
Other 
· RAN1 has an ongoing study on FR2 HST scenarios as a part of feMIMO WI. For RAN4 work we suggest to clearly differentiate the scope from RAN1 work (i.e. RAN1 feMIMO WIs solutions are out of scope of RAN4 Rel-17 HST WI)
· Additional discussion on regular FR2 devices behavior in FR2 HST networks is needed. For instance, regular devices will not be able to operate in high speed conditions and network shall ensure that FR2 devices within the train do not access FR2 cells.

	
	


Summary for target scenarios 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Topic#1
	Tentative agreements:
Candidate options:
Recommendations for wording in the WID: 


Topic #2: Objectives for RF core parts
Companies’ contributions summary
	Company
	Proposals / Observations

	Samsung
	· Specify the UE RF core requirements for 
· Existing power class 2 or power class 4 UE can be investigated as starting point
· New power class is not precluded 
· Further enhancement for beam correspondence requirements 
· Further study the feasibility of more restrict requirements for transmit signal quality for FR2 HST applicable SCS 

	Nokia
	No RF requirements



Open issues summary
Sub-topic 2-1: Whether the RF requirements is required to support FR2 HST train-roof-mounted CPE?
· 	Option 1: Yes 
· 	Option 2: No  
Sub-topic 2-2: If the answer for sub-topic 2-1 is yes, whether existing PC4 can be used for baseline? 
· Option 1: PC4 can be used as baseline, no other power class shall be considered in the WI phase 
· Option 2: PC4 can be used as baseline, other power class including existing power class the new power class, is not precluded in WI phase
· Option 3: No, new power class shall be defined for FR2 HST train-roof-mounted CPE 
Sub-topic 2-3: If answer for sub-topic 2-1 is yes, are we going to further enhance the beam correspondence requirements for the designed power class? 
· Option 1: Yes 
· Option 2: No 
Sub-topic 2-4: If answer for sub-topic 2-1 is yes, are we going to further study the feasibility of more restrict requirements for transmit signal quality for FR2 HST applicable SCS?
· Option 1: Yes 
· Option 2: No 
Companies views’ collection 
	Company
	Comments

	Intel
	Sub-topic 1-1/2/3/4: Strive to reuse existing PC2 or PC4 for HST CPE use case. Do not see strong justification for additional FR2 power classes and additional RF requirements (beam correspondence, signal quality).

	
	



Summary for RF core requirements 
	
	Status summary 

	Topic#2
	Tentative agreements:
Candidate options:
Recommendations for wording in the WID:



Topic #3: Objectives for RRM core parts
Companies’ contributions summary
	Company
	Proposals / Observations

	Samsung
	· Specify the UE RRM core requirements for 
· Idle/inactive mode cell reselection requirements enhancement 
· Connected mode
· Handover delay requirement enhancement 
· Measurement requirements enhancement including both L1 and L3 measurement 
· Beam management requirements enhancement including beam failure detection, candidate beam detection performance requirements


	Nokia
	· Investigate and specify the UE RRM core requirements for: 
· Connected mode
· Cell identification requirements
· Measurement delay requirements
· Beam management related requirements, e.g. L1-RSRP measurement
· Impact on RLM and UL timing.
· If needed other requirements are not precluded. If needed, signalling impact should be discussed in RAN2.



Open issues summary
Sub-topic 3-1: Whether the IDLE mode cell reselections requirements shall be specified?
· 	Option 1: Yes 
· 	Option 2: No  
Sub-topic 3-2: For connected mode, whether the following objectives shall be included in the WID?
· Cell identification requirements
· Handover delay requirement enhancement 
· Measurement requirements enhancement including both L1 and L3 measurement
· Beam management requirements enhancement including beam failure detection, candidate beam detection performance requirements
· Impact on RLM and UL timing.
Sub-topic 3-3: Any other missing RRM requirements from the objectives in sub-topic 3-2? 
Companies views’ collection 
	Company
	Comments

	Nokia, Nokia Shanghai Bell
	Sub-topic 3-1:
For a train mounted CPE, connected mode should be priority. If time remains, idle mode can be checked.
Sub-topic 3-2:
We agree with the objective. Enhancements should only be the target, if the current state of the specification is found to be lacking.

	Intel
	The existing FR2 RRM requirements may not work for HST conditions, since processing delays are scaled to take into account UE RX beam refinement. For instance, for the shortest DRX cycle (0.32s) the cell detection takes 92sec (36 DRX cycles) which corresponds to 6.4km distance for 250km/h in existing FR2 requirements. Even the number of samples may be reduced, e.g. to 8 as in FR1 HST requirement, the cell detection takes 20sec which corresponds to 1.4km distance for 250km/h and not sufficient for HST deployments. At this point it is unclear whether substantial tightening of the requirements is feasible. Before the RRM requirements can be introduced, additional studies are needed to identify 1) RRM requirements impacts, 2) Candidate RRM enhancement methods (e.g. methods to ensure UE does not need to apply RX beam tuning or uses smaller number of beams). The exact requirements can be further discussed subject to the outcome of the studies.



Summary for RRM core requirements 
	
	Status summary 

	Topic#3
	Tentative agreements:
Candidate options:
Recommendations for wording in the WID:



Topic #4: Objective for performance part 
Companies’ contributions summary
	Company
	Proposals / Observations

	Samsung
	· Specify the RRM performance requirements of measurement accuracy if identified.
· Specify the RRM test cases related to new core requirements. 
· Specify the UE demodulation/CSI and BS demodulation requirements based on outcome of channel model and maximum Doppler frequency discussions

	Nokia
	· Investigate and specify the RRM performance requirements of measurement accuracy.
· Specify the RRM test cases related to new core requirements (if defined):
· Connected mode
· Cell identification requirements
· Measurement delay requirements
· Measurement accuracy requirements 
· Beam management requirements
· Other test cases are not precluded, if the core requirements are defined, e.g., BFD, RLM, UL timing, etc. 
· Specify the UE demodulation requirements and test cases at least for
· PDSCH 
· Other requirements are not precluded if needed. 
· Specify the BS demodulation requirements and test cases at least for 
· PUSCH 
· Other requirements are not precluded if needed



Open issues summary
Sub-topic 4-1: Whether the following objectives for performance part can be confirmed? 
· Specify the RRM performance requirements of measurement accuracy if identified.
· Specify the RRM test cases related to new core requirements if defined 
· Specify the UE demodulation requirements and test cases at least for PDSCH, other requirements are not precluded 
· Specify the BS demodulation requirements and test cases at least for PUSCH, other requirements are not precluded 
Sub-topic 4-2: Whether the UE CSI requirements shall be specified in the WI phase if identified 
· Option 1: Yes 
· Option 2: No
Companies views’ collection 
	Company
	Comments

	Nokia, Nokia Shanghai Bell
	Sub-topic 4-1:
The objectives can be confirmed

	Intel
	Sub-topic 4-1: Agree
Sub-topic 4-2: No



Summary for performance part requirements 
	
	Status summary 

	Topic#4
	Tentative agreements:
Candidate options:
Recommendations for wording in the WID:


Topic #5: Other details of drafting WID 
Companies’ contributions summary
	Company
	Proposals / Observations

	Samsung
	See RP-200896

	Nokia
	See RP-200846



Open issues summary
Sub-topic 5-1: Can we confirm the time scale for FR2 HST in Rel-17, i.e., 
· WI starts from Q4 2020. WI is expected to be completed aligning with REl-17 schedule for both core part and performance part 
Sub-topic 5-2: Whether a new Technical Report for FR2 HST is required? 
· Option 1: Yes 
· Option 2: No 
Sub-topic 5-3: Any other comments for wording suggestions for justification parts in WID?  
Companies views’ collection 
	Company
	Comments

	Nokia, Nokia Shanghai Bell
	Sub-topic 5-1:
We agree with the proposed timescale for completion.

	Intel
	Sub-topic 5-1: WI can start from Q4’20 or Q1’21 depending on the progress with Rel-16 completion and available TUs. All Rel-17 WIs expected to start simultaneously and no need to discuss separately for each WI.



Summary for details of drafting WID
	
	Status summary 

	Topic#5
	Tentative agreements:
Candidate options:
Recommendations for wording in the WID:



