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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 Plenary #89-e, the RAN4-led work item of NR support for high speed train (HST) scenario in FR2 has been approved [RP-202118] (which has been further revised to [RP-210800] with editorial revisions and updates on time schedule). 
Over the past RAN4 meetings, discussion was extensively provided on deployment scenario analysis on both Scenario-A and B with bi- and uni-directional RRH deployment, for which the study is based on the agreed assumption and understanding. Specifically, the following agreements on deployment scenario analysis have been achieved [R4-2115725]: 
	· WF1: Limitation on RRH beam direction  
· Agreement: 
· The necessity of introducing limits on RRH beam direction:
· The value of Ds_offset implicitly limit the RRH beam direction, so there is no need to introduce additional restriction on RRH beam’s possible range of angle on azimuthal plane.
· WF2: Further conclusion on Scenario-A
· Agreement (GTW Aug 19th):
· No dedicated performance RAN4 requirements will be specified for Bi-directional deployment for Scenario A by assuming the requirements will be specified under uni-directional deployment which pending on further confirmation in RRM session for the feasibility of uni-directional deployment.
· Capture relevant information for the analysis of all possible deployment and schemes into TR, and some comparison analysis can be also included. 
· WF3: Further conclusion on Scenario-B
· Agreement (GTW Aug 19th):
· Introducing performance requirements for both uni-directional and bi-directional deployment in scenario B which pending on further discussion on following aspect:
· The test applicable rules can be further discussed and introduced if needed
· FFS whether single test case cover both uni-directional and bi-directional deployment
· BS declaration for applicable test cases can be further discussed 
· Test feasibility for bi-directional deployment under performance test cases 
· Performance comparision among uni-directional and bi-directional deployment
· WF4: General for Channel model for demodulation requirement
· The factor needed to be considered for channel model
· [Background] Candidate options:
· Option 1: Ds_offset, Doppler and delay.
· Option 2: Ds_offset, Doppler.
· Agreement (GTW Aug 24th):
· For UL PUSCH demod test cases, no delay modelling needed.
· For UL TA adjustment demod test cases, further discuss delay modelling
· For DL PDSCH demod test cases, FFS whether delay jump need to be considered in channel modelling pending on the further decision on RRM session
· WF5: Channel model for Uni-directional RRH deployment
· Ds_offset value for uni-directional
· [Background] Candidate options for Ds_offset:
· Option-1: Ds_offset = 0 for the Doppler shift worst case for UE performance evaluation.
· Option-2: Follow deployment scenario study outcome for a typical value chosen: 
· Scenario-A: Ds_offset = 50m
· Scenario-B: Ds_offset = [100, or 200] m
· Agreement (GTW Aug 24th):
· Scenario-A: Ds_offset = 10m
· Scenario-B: Ds_offset =100m 
· Note: The values are derived from worst cases based on the analysis of deployment scenario and used for demodulation requirement definition purpose. 
· Starting point of t=0 for uni-directional
· Agreement (achieved in this WF): 
· Add the following condition into FR2 HST demodulation simulation assumption: 
· At least one Doppler shift jump region needs to be covered by simulation. 
· WF6: Channel model for Bi-directional RRH deployment
· Agreement (achieved in this WF): 
· Channel modeling for FR2 HST bi-directional deployment 
· Option 2(a): To match Bi-directional deployment Scheme-1: UE connect to 2nd-nearest RRH.
· 
· 
· 
· Option 2(b):
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· Option 2(c):
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· Agreement (GTW Aug 24th): 
· Companies are encouraged to draw conclusion in this meeting for RAN4 demodulation aspect.
· All feasible transmission schemes with assioated channel modelling can be included into TR.
· The baseline assumption was to consider option 2a for demodulation if introducing test cases pending on further checking by Nov 2021 RAN4 meeting.
· Note: From frequency jump performance verification aspect, option 2a is more simple option.



In this email thread, the following agenda items will be discussed: 
	8.9.2  High speed train deployment scenario in FR2	                       [NR_HST_FR2 -Core]
              8.9.2.1  Deployment Scenario-A                                        	[NR_HST_FR2-Core]
              8.9.2.2  Deployment Scenario-B                                         	[NR_HST_FR2-Core]
              8.9.2.3  Others                                                                     	[NR_HST_FR2-Core]



List of candidate target of email discussion for 1st round and 2nd round 
· 1st round: TBA
· 2nd round: TBA
It is suggested to have the following target of 1st and 2nd round email discussion: 
· 1st round: Further discussion on the deployment scenarios. 
· 2nd round: Based on results from 1st round, as planned, complete all remaining issues on deployment scenarios on this meeting. 

Topic #1: Analysis on FR2 HST Deployment Scenarios
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2118227
	Samsung
	TP to TR 38.854 v0.1.0 on Deployment Scenario Analysis

	R4-2118431
	ZTE Corporation
	Proposal 1: To consider propagation delay for DL demodulation.
Proposal 2: The following model can be considered for propagation delay for DL demodulation.



	R4-2119021
	Huawei, HiSilicon
	Observation 1: For Bi-directional Scenario-A deployment for FR2 HST, due to the rapidly changed power of side-lobes when UE is near to the RRH, it is a great challenge for the UE to ensure the performance not to degrade in such location.
Observation 2: For Uni-directional Scenario-B deployment for FR2 HST, it is feasible to provide sufficient link budget remaining while it requires only one switching which leads to larger minimum beam dwelling time.

	R4-2119385
	Nokia, Nokia Shanghai Bell
	Observation 1: The UE Rx beam oriented along the railway track is optimal in uni-directional Scenario-A.
Observation 2: Addition of multiple UR Rx beams in uni-directional Scenario-A does not provide any performance gain.
Observation 3: The system-level performance of the uni-directional deployment in Scenario-A where the train is moving towards the serving RRH beams is worse than in the scenario where the train is moving from the serving RRH beam. Moreover, mobility problems can be expected in the “opposite” scenario where the train moves towards the RRH beams, especially when DRX is enabled.
Observation 4: The drop in signal level when train is traveling opposite direction than RRH Tx beams are pointing to can be so quick that adjusting handover parameters to perform HO earlier does not bring significant improvement when measurement delays due to DRX scaling are high.
Proposal 1: RAN4 to consider the negative impact of non-ideal PDCCH on mobility in the scenario where the CPE is moving towards its serving beam.
Proposal 2: RAN4 to further discuss handover issues in uni-directional scenario where the CPE is travelling towards the serving beam.
Dual uni-directional deployment and other possible solutions can be considered.

	R4-2118432
	ZTE Corporation
	Observation 1: If more than one beam per RRH panel and per CPE panel is used for Bi-directional deployment scenario-B, the CPE will experience more Doppler hopping and beam/panel switching than that of option 2a for bi-directional deployment.
Proposal 1: We prefer to define test case for uni-directional and bi-directional deployment separately if the test effort of a composite scheme is greater than the sum of the test effort of uni-directional and bi-directional deployment.

	R4-2119022
	Huawei, HiSilicon
	Observation 1: For Bi-directional Scenario-B deployment for FR2 HST, Scheme-3 provide the largest link budget remaining while it requires more switching which leads to smaller minimum beam dwelling time; link budget remaining may be un-sufficient for Scheme-1 considering the uplink.
Observation 2: For Uni-directional Scenario-B deployment for FR2 HST, it provides lower link budget remaining while it requires only two switching which leads to larger minimum beam dwelling time.

	R4-2119386
	Nokia, Nokia Shanghai Bell
	Withdrawn

	R4-2119479
	Nokia, Nokia Shanghai Bell
	Observation 1: Utilisation of multiple Tx beams with only one Rx beam is not practical for uni-directional Scenario-B. However, the configuration with multiple Tx and multiple Rx beams can demonstrate considerable gains in system performance.
Observation 2: The uni-directional Scenario-B where the train is travelling towards the serving beam is a bit more challenging, but no mobility problems are expected like in Scenario-A.
Observation 3: In bi-directional Scenario-B there are more challenges from increased scaling, and we observe gain from 8 or 6 Rx beams only above 60-percentile even without DRX.

	R4-2119321
	Qualcomm Incorporated
	Observation 1: In order to avoid performance degradation, before receiving PDSCH after a TCI state switch across different RRHs with large Doppler and/or Delay jumps, the UE needs to be allowed additional time to select SSB as FO tracking RS, receive it from the RRH transmitting the target TCI and process it, before selecting back TRS as FO tracking RS, receive it and process it; 
Observation 2: TCI State switches that happen within the same RRH are expected not to have large Doppler or Delay difference, and can be operated using the first available TRS associated with the new TCI state and without having to select SSB as FO tracking RS;
Observation 3: Maximum Doppler Jump at 350 km/h for Fc=48 GHz is 31,110 Hz and cannot be estimated using SSB-based FOE;
Proposal 1: Introduce higher layer signaling (ie. System Information, RRC) to inform the UE of the FR2 HST deployment typology (unidirectional or bidirectional). This information should be applicable across TCI state switches, until it is explicitly updated;
Proposal 2: To inform the UE of potentially large Delay or Doppler difference expected, introduce MAC-CE signaling in the TCI state switch command to indicate whether transmission associated with the target TCI state is going to be transmitted from a different RRH (with respect to the RRH transmitting the TCI state before the switch);
Proposal 3: UEs is not expected to switch to SSB as FO tracking RS for TCI state switches within the same RRH;
Proposal 4: To improve system reliability in case of potentially large Delay or Doppler difference expected, introduce MAC-CE signaling in the TCI state switch command to indicate the relative orientation between the UE direction of movement and the RRH Panel associated with the target TCI state;
Proposal 5: If Carrier Frequency higher than 30GHz are considered, consider using 240 kHz SCS SSB in bidirectional deployment to allow UE to estimate Doppler jump when switching TCI in the midpoint between adjacent RRHs;



Open issues summary and view colleciton for 1st round
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 General
Issue 1-1-1: UE FO/TO Tracking Issue
· [Background] Based on analysis in R4-2119321, inter-RRH beam switching (TCI switching) needs UE to use SSB for FO tracking RS
· Observations for the identified issue: 
· Observation 1 (Qualcomm): In order to avoid performance degradation, before receiving PDSCH after a TCI state switch across different RRHs with large Doppler and/or Delay jumps, the UE needs to be allowed additional time to select SSB as FO tracking RS, receive it from the RRH transmitting the target TCI and process it, before selecting back TRS as FO tracking RS, receive it and process it; 
· Observation 2 (Qualcomm): TCI State switches that happen within the same RRH are expected not to have large Doppler or Delay difference, and can be operated using the first available TRS associated with the new TCI state and without having to select SSB as FO tracking RS;
· Proposals related: 
· Proposal 1 (Qualcomm): Introduce higher layer signaling (ie. System Information, RRC) to inform the UE of the FR2 HST deployment typology (unidirectional or bidirectional). This information should be applicable across TCI state switches, until it is explicitly updated;
· Proposal 2 (Qualcomm): To inform the UE of potentially large Delay or Doppler difference expected, introduce MAC-CE signaling in the TCI state switch command to indicate whether transmission associated with the target TCI state is going to be transmitted from a different RRH (with respect to the RRH transmitting the TCI state before the switch);
· Proposal 3 (Qualcomm): UEs is not expected to switch to SSB as FO tracking RS for TCI state switches within the same RRH;
· Proposal 3a: UEs is not expected to resynchronize TO/FO based on received SSB before processing TRS for TCI state switches within the same RRH (Qualcomm);
· Proposal 4 (Qualcomm): To improve system reliability in case of potentially large Delay or Doppler difference expected, introduce MAC-CE signaling in the TCI state switch command to indicate the relative orientation between the UE direction of movement and the RRH Panel associated with the target TCI state;
· Recommended WF
· Companies’ views are collected in 1st round discussion.
· Suggest to only discuss over RRM email thread ([217][NR_HST_FR2_RRM_2]). 

	Company
	Comments

	Ericsson
	We think the proposal 1 should be discussed in RRM session. From the UE demodulation requirement point of view, we don’t think the deployment information (i.e., Uni-directional or Bi-directional) is necessary. 
Proposals 2 and 4 requires the update on MAC-CE signaling procedure and it affects to RAN2 at least. Since this is RAN4-led WI, we think it proposal exceeds the scope of this WI. 
Proposal 3: It is up to UE implementation.

	Nokia, Nokia Shanghai Bell
	We agree that the proposal by Qualcomm are relevant to the Topic#1, Timing requirements of [217][NR_HST_FR2_RRM_2. However, these proposals are disclosing one of the issues in more details. Therefore, we would like to clarify a few things:
1) In the observations above you are referring to FO tracking. Are the same observations applicable when UE needs to acquire (fine) time synch in DL after inter-RRH TCI state switch, i.e., does UE need to use, first, the SSB as synchronization source and then switch to T-RS?
2) Why it is not possible for the UE to use SSB-based measurements to infer that there is large different in FO and/or propagation delays for SSBs from different RRHs, i.e., instead of explicit signaling from the network?

	Qualcomm
	Regarding Proposal 1, it is our opinion that the ongoing discussion on this issue in the RRM thread does not imply that it should not be discussed in here as well. If any of the two scenarios can provide a valid motivation to the implementation of the proposed signaling then it should be introduced, and limiting the discussion to one or the other thread in our opinion only brings confusion.
For the purposes of Demod, it is our view that deployment information is necessary to the UE for a variety of reasons, starting from the fact that even if the UE can use direct observations to guess deployment, we are not sure that the UE can assume that deployment type will not change and so we expect the UE to have to continue monitoring for eventual changes, with clear repercussions on UE power. On the other hand, 1-bit information in RRC can provide reliable information, which can be assumed valid until changed by the NW itself. 
Also, in the context of Demodulation testing, we are assuming that the UE will operate with a single panel so we figure it will not be able to gather any deployment information. 
From our point of view, this information does not pose any computation burden on the NW and provides the UE with useful information so we do not see why it should not be implemented.

On Proposal 2 and 4,
@Ericsson: we see the concerns regarding RAN2 impact, but we also feel that if a motivation to introduce these changes is provided, this should not stop further discussions here.

@Nokia: Regarding your question in 1) yes, it is our view that given some conditions, for example the scenario under discussion with uni-directional deployment and inter-RRH TCI state switch, the timing difference with respect to the incoming signal from the target RRH might be in the order of a few CP, which requires the UE to resync before properly being able to receive TRS. The FO tracking in the proposal can be intended as FO/TO (depending on the TCI switch typology).

From our point of view receiving NW information regarding the typology of TCI switch, whether it's inter/intra RRH, and the relative direction with respect to target RRH, of will allow to define unequivocally when the network should expect the UE to be able to receive PDSCH without performance degradation (including in the timeline a switch/no switch to SSB respectively).
Leaving this decision up to the UE as Nokia proposed in their comment (2) can create issues if the NW and the UE have different expectations on which type of TCI switch it's going to take place.

On Proposal 3 
@Ericsson: we agree that RS for tracking it is up to UE implementation, but given that the UE must switch to SSB to cope with large FO in bidirectional, a better way to phrase that proposal would be:
· Proposal 3: UEs is not expected to resynchronize TO/FO based on received SSB before processing TRS for TCI state switches within the same RRH;

	Samsung
	On P1: 
Technically we can see the benefits from this signalling given by RRC to differentiate bi-directional and uni-directional deployment. We can see the benefits from both Demodulation and RRM perspective. At least from RRM perspective, the discussion on whether or not to introduce the this signalling is being discussed for several meetings without final conclusion, and there is the WF from last meeting: 
· Copied from WF R4-2115334
· Signaling of uni-/bi-directional operation
	Way forward:
Discuss further if there is a need to signal uni-bi-directional mode of operation:
· Option 1: Network signals type of deployment (uni- or bi-direction) to UE.
· Option 2: Signalling of uni-/bi-directional operation is not needed.


For demodulation perspective, we can see that the indication of uni-directional deployment may help UE to just use TRS for FO tracking, which can facilitate a simpler implementation (no SSB-based tracking is needed). 
Then the problem will be whether or not this email thread can make the decision. Ideally if either Demod or RRM session can confirm it, the necessity of this signalling can be confirmed. 

On P2/P4: 
For FO tracking, seems the feasibility has already been confirmed by demodulation study (i.e., companies provided the simulation results based on the configuration, but no information provided for inter-/intra-RRH switching as proposed here by MAC-CE signaling). If from demodulation perspective, the MAC-CE is inevitable, then we suggest QC colleagues to raise this FO tracking issue in Demod session. 
For timing tracking, DL tracking is already confirmed to be okay, while RRM session is still discussing the uplink timing mechanism: 
	· WF1: Downlink timing
· In FR2 HST scenario, PSS/SSS detection is robust enough to handle the ISI and time difference
· RAN4 will not introduce the SSB index allocation limitation in the specifications for FR2 HST scenarios 
· WF2: Uplink timing 
· RAN4 will further study the below options to address uplink timing issues 
· Option 1: One shot UE autonomous large uplink timing adjustment
· Option 2: Other implementation/deployment based solution 


With that, the MAC-CE mechanism should be discussion in RRM session (email thread part 2). We see no reason to duplicate the discussion here. 

P3/P3a: 
Even we agree with QC’s proposed UE behaviour here, which specific requirement/specification is impacted then? If QC’s intention is to change the spec for demodulation, I think QC already propose the paper (R4-2119321), do we need to duplicate the discussion here? 

	Huawei
	For Proposal 1, we don’t see any necessity to introduce signalling to inform deployment type from the demodulation point of view. We think it is more suitable to discuss this issue in RRM session.
For Proposal 2 and Propose 4, for our understanding, if UE use SSB+TRS for TO/FO tracking, SSB is always used for coarse estimation to extend the range of maximum FO/TO tracking and infer whether there is large FO/TO jump. We don’t see any different TO/FO processing between inter-RRH based and intra-RRH based TCI switching.
For Proposal 3, we think it is up to implementation.

	ZTE
	Proposal 1: We can pay attention to the conclusion from RRM. 
Furthermore, the necessity should be confirmed first. For example, if CPE supports bi-directional operation, and network with bi-directional deployment does not  inform CPE the deployment type, CPE can  understand the deployment type by measurement. 
A similar question is whether the network needs to understand the capability of the CPE. If the network knows the UE capability, the network can be optimized specifically, such as shutting down one side of the panels when the UE does not support bi-directional operation.
The real deployment environment is diverse and changeable, the signaling to inform uni-/bi- directional deployment is not very necessary.
Proposal 2: The necessity of the information need to further discuss. For example, if UE in bi-directional deployment receives a TCI command indicating a beam of another panel, UE can judge that the Doppler shift jump is expected.
Proposal 3: The analysis is reasonable but it is up to UE implementation to use SSB or not for FO/TO within or not within a RRH. And we do not see the specification impact.

	Qualcomm
	A clarification on some of the questions on the proposals:
Regarding P1, 
we agree to discussing this proposal in the Demod Session as proposed by Samsung, possibly on thread [321]. 

@Huawei: we do not see the grounds for only discussing this in the RRM session, especially when companies see that from the demodulation point of view there is advantage for the UE to be informed on deployment type;
@ZTE: the argument proposed that the deployment is diverse and changeable is a motivation that indeed supports introducing this signaling information. We do not see any advantage in having the UE make assumptions on deployment (how often should the UE check? What are the criteria for assuming uni or bi? What if the UE makes the wrong assumption?), compared with a reliable 1-bit signaling information from NW on the configuration. We would be also open to discuss whether to introduce UE capabilities for uni/bidirectional support;

Regarding P2/P4
We are open to discussing these proposals in the Demod thread as well;
@Huawei: The difference in TO/FO processing between inter-RRH based and intra-RRH based TCI switching that can be introduced with the proposed signaling is that for a signaled intra-RRH TCI switching, the NW can assume that the UE does not need to switch to SSB for a resynchronization so the overall timeline of the switch can be shorter.
For example, for:
- Intra-RRH TCI Switch: PDSCH allocation can resume after TfirstTRS + TTRSproc without performance impact;
- Inter-RRH TCI Switch: PDSCH allocation resumes after (TfirstSSB + TSSBproc + TfirstTRS + TTRSproc) without performance impact;
@ZTE: The UE could infer different RRH from panel direction but we are not sure that all cases can be reliably covered based on this information alone (for example it cannot use that in unidirectional).

Regarding proposal 3:
Proposal 3 is the understanding that, if agreed, will allow us to apply the shorter timeline (same timeline as the one used in FR1 HST where there are no FO tracking issues) in Intra-RRH scenario, and that is why it was proposed along with the other proposals;
The reason for which the proposal was submitted first here and not to the Demod thread is that without NW signaling we cannot make this assumption, and we must expect the UE to treat every TCI as inter-RRH and do FO/TO resynch.





Issue 1-1-2: Potential Issues for Carrier Frequency higher than 30GHz in Bi-directional Scenario
· [Background] Based on analysis in R4-2119321, discussion on the case with higher carrier frequency than 30GHz. 
· Proposals
· Observation 1 (Qualcomm): Maximum Doppler Jump at 350 km/h for Fc=48 GHz is 31,110 Hz and cannot be estimated using SSB-based FOE;
· Proposal 2 (Qualcomm): If Carrier Frequency higher than 30GHz are considered, consider using 240 kHz SCS SSB in bidirectional deployment to allow UE to estimate Doppler jump when switching TCI in the midpoint between adjacent RRHs;
· Recommended WF
· Companies’ views are collected in 1st round discussion.
· No need to discuss on the scenario out of the RAN4 WID scope (The target applicable frequency is up to 30GHz.)

	Company
	Comments

	Ericsson
	We agree with the moderator. This proposal exceeds the objective of WID.

	Nokia, Nokia Shanghai Bell
	We agree the moderator’s recommendation.

	Qualcomm
	We agree with the moderator' feedback, but the issue might have to be considered in the future for this feature.

	Samsung
	We are open to discuss this point in future release. 

	Huawei
	Agree with the recommended WF.

	ZTE
	We agree with the recommended WF.



Sub-topic 1-2 Analysis on Scenario-A
Issue 1-2-1: Whether to incorporate propagation delay in DL demodulation channel model? 
· [Moderator] Although this issue is related to Scenario-A, still suggest to be also discussed in demod email thread. 
· Proposals
· Proposal 1: To consider propagation delay for DL demodulation.
· Proposal 2: The following model can be considered for propagation delay for DL demodulation.


·  Recommended WF
· Suggest to only discuss over demodulation email thread ([321 NR_HST_FR2_Demod_Part]). 

	Company
	Comments

	Ericsson
	Agree with the moderator. It should be discussed in [321].

	Nokia, Nokia Shanghai Bell
	We agree with the moderator’s recommendation.

	Qualcomm
	Agree with WF, discuss in [321]

	Samsung
	Suggest to only discuss over demodulation email thread for demodulation channel model revisit. 

	Huawei
	Agree with the recommended WF.

	ZTE
	We agree with the recommended 




· Issue 1-2-2: New analysis on Scenario-A
· [Moderator] More investigation and analysis are provided by companies for Scenario-A. 
· Analysis from Huawei (R4-2119021): 
· Observation 1: For Bi-directional Scenario-A deployment for FR2 HST, due to the rapidly changed power of side-lobes when UE is near to the RRH, it is a great challenge for the UE to ensure the performance not to degrade in such location.
· Observation 2: For Uni-directional Scenario-B (A?) deployment for FR2 HST, it is feasible to provide sufficient link budget remaining while it requires only one switching which leads to larger minimum beam dwelling time.
· Analysis from Nokia (R4-2119385): 
· Observation 1: The UE Rx beam oriented along the railway track is optimal in uni-directional Scenario-A.
· Observation 2: Addition of multiple UR Rx beams in uni-directional Scenario-A does not provide any performance gain.
· Recommended WF
· Companies are suggested to discuss the observations above, especially for how the observations impact existing agreements on deployment scenario, RF, RRM, Channel Modeling.

	Company
	Comments

	Ericsson
	For Scenario A case, there are observations only one Rx beam is sufficient. We think this can be considered in RRM session [216] or [217].

	Nokia, Nokia Shanghai Bell
	Regarding Observation 1 from Huawei, in bi-directional Scenario-A, at some point the UE will always come to the situation when it serving towards the serving beam and the Rx power will decrease drastically and fast next to the RRH. Hence, in this scenario, UE will always face the mobility problem that we discuss in the Issues 1-2-3 below. That issues shall be discussed first.
Regarding the comment by Ericsson, due to the agreement to have two panels per UE, it is still reasonable to assume two Rx beam per UE/CPE in Scenario-A.

	Samsung
	I think one beam per panel is already concluded by deployment scenario session. We think the corresponding analysis can be drafted into TP which can be further captured in TR to better justify how the group get the conclusion. 

	Huawei
	OK to discuss in RRM session.




Issue 1-2-3: Analysis on mobility
· [Moderator] More investigation and analysis are provided for mobility related issues. 
· Analysis from Nokia (R4-2119385): 
· Observation 3: The system-level performance of the uni-directional deployment in Scenario-A where the train is moving towards the serving RRH beams is worse than in the scenario where the train is moving from the serving RRH beam. Moreover, mobility problems can be expected in the “opposite” scenario where the train moves towards the RRH beams, especially when DRX is enabled.
· Observation 4: The drop in signal level when train is traveling opposite direction than RRH Tx beams are pointing to can be so quick that adjusting handover parameters to perform HO earlier does not bring significant improvement when measurement delays due to DRX scaling are high.
· Proposal 1: RAN4 to consider the negative impact of non-ideal PDCCH on mobility in the scenario where the CPE is moving towards its serving beam.
· Proposal 2: RAN4 to further discuss handover issues in uni-directional scenario where the CPE is travelling towards the serving beam.
Dual uni-directional deployment and other possible solutions can be considered.
· Recommended WF
· Companies’ views are collected in 1st round discussion.

	Company
	Comments

	Ericsson
	We think topic should be discussed in RRM [216] or [217].

	Nokia, Nokia Shanghai Bell
	We see that this issue is directly related to possible HST FR2 deployments, in particular, dual uni-directional option. Therefore, we also rise the issue in this email thread.

	Qualcomm
	Both proposals 1 and 2 refers to potential HO impact which seem to be intrinsic with the FR2 HST uni-directional deployment, hence it would be best to discuss this in RRM. Also, there is a parallel discussion (Issue 1-1-1) on Ch. Model for Uni-directional deployment in [321] and it has already been agreed that from the point of view of demodulation performance orientation of uni-directional is not expected to have an impact.

	Samsung
	Suggest to proceed in this way: 
If the discussion here can trigger the revisit of existing deployment scenario agreement, we can discuss, and the new conclusion (if any) shall be considered in RRM and other session then. 

	Huawei
	OK to discuss in RRM session.




Sub-topic 1-3 Analysis on Scenario-B 
Issue 1-3-1: Implication on demodulation testing for Scenario-B
· [Moderator] Although this issue is related to Scenario-B, still suggest to be also discussed in demod email thread. 
· Proposals from ZTE (R4-2118432): 
· Proposal 1: We prefer to define test case for uni-directional and bi-directional deployment separately if the test effort of a composite scheme is greater than the sum of the test effort of uni-directional and bi-directional deployment.
· Recommended WF
· Suggest to only discuss over demodulation email thread ([321 NR_HST_FR2_Demod_Part]). 

	Company
	Comments

	Ericsson
	Agree with the moderator. It should be discussed in [321].

	Nokia, Nokia Shanghai Bell
	We agree with the moderator’s recommendation.

	Qualcomm
	Support discussing demod test scope/cases in [321];

	Huawei
	OK with the recommended WF.

	ZTE
	We agree with the recommended WF.




Issue 1-3-2: Schemes for Bi-directional deployment, Scenario-B
· [Moderator] In last  meeting, option 2a is agreed to be considered as baseline:
	· Agreement (achieved in this WF): 
· Channel modeling for FR2 HST bi-directional deployment 
· Option 2(a): To match Bi-directional deployment Scheme-1: UE connect to 2nd-nearest RRH.
· 
· 
· 
· Agreement (GTW Aug 24th): 
· Companies are encouraged to draw conclusion in this meeting for RAN4 demodulation aspect.
· All feasible transmission schemes with assioated channel modelling can be included into TR.
· The baseline assumption was to consider option 2a for demodulation if introducing test cases pending on further checking by Nov 2021 RAN4 meeting.
· Note: From frequency jump performance verification aspect, option 2a is more simple option.


· Proposals
· Observation 1 (ZTE): If more than one beam per RRH panel and per CPE panel is used for Bi-directional deployment scenario-B, the CPE will experience more Doppler hopping and beam/panel switching than that of option 2a for bi-directional deployment.
· Observation 2 (Huawei): For Bi-directional Scenario-B deployment for FR2 HST, Scheme-3 provide the largest link budget remaining while it requires more switching which leads to smaller minimum beam dwelling time; link budget remaining may be un-sufficient for Scheme-1 considering the uplink.
· Recommended WF
· Companies’ views are collected in 1st round discussion.
· Considering the group have faced the difficulties to align on a single scheme for bi-directional deployment for Scenario-B, as discussed during last meeting’s GTW, suggest to discussion the impact on channel modelling only. 
· Suggest to only discuss over demodulation email thread ([321 NR_HST_FR2_Demod_Part]). 

	Company
	Comments

	Ericsson
	Agree with the moderator, we should focus on the channel model. It should be discussed in [321].

	Nokia, Nokia Shanghai Bell
	We agree with the moderator’s recommendation.

	Qualcomm
	Support discussing demod channel model in [321].

	Huawei
	OK with the recommended WF.

	ZTE
	We agree with the recommended WF.




Issue 1-3-3: New analysis on Scenario-B
· [Moderator] More investigation and analysis are provided by companies for Scenario-B. 
· Analysis from Huawei (R4-2119022): 
· Observation 2: For Uni-directional Scenario-B deployment for FR2 HST, it provides lower link budget remaining while it requires only two switching which leads to larger minimum beam dwelling time.
· Analysis from Nokia (R4-2119479):
· Observation 1: Utilisation of multiple Tx beams with only one Rx beam is not practical for uni-directional Scenario-B. However, the configuration with multiple Tx and multiple Rx beams can demonstrate considerable gains in system performance.
· Recommended WF
· Companies are suggested to discuss the observations above, especially for how the observations impact existing agreements on deployment scenario, RF, RRM, Channel Modeling.

	Company
	Comments

	Ericsson
	Observations on the number of Rx beams in R4-2119479 can be discussed in RRM [216] or [217].

	Nokia, Nokia Shanghai Bell
	Following the original discussion split in HST FR2 WI, RRM track only focuses on RRM-specific issues in relation to the number of Rx beams.
In our contribution we provide the generic analysis of the number of Rx beams also in relation to the number of Tx beams.
The conclusions is that we observe gains  when multiple Tx beams are used when multiple Rx beams are present. Therefore, the number of Rx beams shall not be below 3 per UE panel (6 per UE). However, more Rx beams does not bring significant gains.

	Samsung
	How we can interpret the analysis in Nokia paper from the conclusion of RX beam number from deployment scenario analysis. If the intention is to change the agreement, we can further discuss but we suggest TP containing this analysis can/shall be captured in TR: 
	
	Ds (m)
	Dmin (m)
	Note
	Sub-Scenario
	# of Beams per RRH
	# of Beams per UE

	Scenario-A
	700
	10
	Near-to-Track; 
More dedicated to FR2
	Uni-directional
	1 beam/panel 
(1 panel per RRH site)
	1 beam/panel 
(1 active panel, 2 panels implemented)

	
	
	
	
	Bi-directional
	1 beam/panel 
(2 opposite panels per RRH site)
	1 beam/panel 
(2 panels per UE)

	Scenario-B
	700
	150
	Far-From-Track; 
Compatible with existing LTE deployment
	Uni-directional
	2 beams/panel 
(1 panel per RRH site)
	1 beam/panel 
(1 active panel, 2 panels implemented)

	
	
	
	
	Bi-directional
	2 beams/panel 
(2 opposite panels per RRH site)
	1 beam/panel 
(2 panels per UE)

	Note: For Scenario-B, other options for beam number not precluded, due to different understanding of the tradeoff on more/less beams per RRH/UE panel. 




	Huawei
	OK to discuss in RRM session.



Issue 1-3-4: Analysis on mobility
· [Moderator] More investigation and analysis are provided for mobility related issues. 
· Analysis from Nokia (R4-2119479): 
· Observation 2: The uni-directional Scenario-B where the train is travelling towards the serving beam is a bit more challenging, but no mobility problems are expected like in Scenario-A.
· Observation 3: In bi-directional Scenario-B there are more challenges from increased scaling, and we observe gain from 8 or 6 Rx beams only above 60-percentile even without DRX.
· Recommended WF
· Companies’ views are collected in 1st round discussion.

	Company
	Comments

	Ericsson
	The number of Rx beams should be discussed in RRM [216] or [217].

	Nokia, Nokia Shanghai Bell
	As in our previous comment, we consider the analysis of performance in bi-directional deployment as a deployment rather than RRM issues. 

	Samsung
	From RRM session, the number of RX beam for Scn-B is assumed to be [6]. Maybe the observation here can be regarded as being aligned with RRM session conclusion. 

	Huawei
	OK to discuss in RRM session.



Companies views’ collection for 1st round 
Open issues 
View collection tables are given in the above Section. 

CRs/TPs comments collection
 
	CR/TP number
	Comments collection

	R4-2118227
(TP to TR 38.854)
	Nokia: Comments can be found in the TP, which is uploaded.

	
	Samsung: Generally we are okay with Nokia’s comment on requesting the additional information for detailed simulation assumption/parameters, and revision will be provided accordingly. 

	
	



Summary for 1st round 
Open issues 
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 

	Sub-topic #1-1
	Issue 1-1-1: UEFO/TO Tracking: 

[Summary of discussion]
The issue is rained by the analysis in R4-2119321, in which it is concluded that inter-RRH beam switching (TCI switching) needs UE to use SSB for FO tracking RS. Particularly, the following proposals are provided:

· Proposal 1: Introduce higher layer signaling (ie. System Information, RRC) to inform the UE of the FR2 HST deployment typology (unidirectional or bidirectional). This information should be applicable across TCI state switches, until it is explicitly updated;
· Proposal 2: To inform the UE of potentially large Delay or Doppler difference expected, introduce MAC-CE signaling in the TCI state switch command to indicate whether transmission associated with the target TCI state is going to be transmitted from a different RRH (with respect to the RRH transmitting the TCI state before the switch);
· Proposal 3: UEs is not expected to switch to SSB as FO tracking RS for TCI state switches within the same RRH;
· Proposal 3a: UEs is not expected to resynchronize TO/FO based on received SSB before processing TRS for TCI state switches within the same RRH (Qualcomm);
· Proposal 4: To improve system reliability in case of potentially large Delay or Doppler difference expected, introduce MAC-CE signaling in the TCI state switch command to indicate the relative orientation between the UE direction of movement and the RRH Panel associated with the target TCI state;
Recommended WF: 
· For proposal 1 for RRC signalling indicating uni- and bi-directional RRH deployment: 
· RRM session has already discussed the necessity of signalling from RRM perspective, but no conclusion yet. 
· From Demod perspective, suggest Demodulation thread [321] to consider this as a sub-topic in the 2nd round for Demod WF.  
· The benefits to Demod operation is to be identified. 
· For proposal 2/4 for new MAC-CE based mechanism and proposal 3/3a for expected UE behaviour: 
· RRM session has already discussed the necessity of similar signalling from RRM perspective on the UL timing. 
· From Demod perspective, suggest Demodulation thread [321] to consider this as a sub-topic in the 2nd round for Demod WF.  
· The benefits to Demod operation is to be identified. 


	
	Issue 1-1-2: Potential Issues for Carrier Frequency higher than 30GHz in Bi-directional Scenario

[Summary of discussion]
Based on analysis in R4-2119321, discussion on the case with higher carrier frequency than 30GHz. Based on 1st round discussion, most companies are okay to not treat this issue which is out of the scope of Rel-17 WID, while companies may want to discuss in future release.  

Recommended WF: 

· Potential issues for FR2 HST scenario with carrier frequency higher than 30GHz in bi-directional scenario: 
· No need to discuss on the scenario out of the RAN4 WID scope (The target applicable frequency is up to 30GHz.)


	Sub-topic 1-2
	Issue 1-2-1: Whether to incorporate propagation delay in DL demodulation channel model?

[Summary of discussion]
In last meeting, whether or not the impact of propagation delay can be compensated by DL tracking is discussed, while in the WF the agreed channel model for DL don’t incorporate it. Moderator suggest to continue channel modeling discussion together with other related channel modeling issue in email thread [321], which is agreeable to the group. 

Recommended WF: 

· Whether to incorporate propagation delay in DL demodulation channel model?
· Suggest to only discuss over demodulation email thread ([321 NR_HST_FR2_Demod_Part])

	
	Issue 1-2-2: New analysis on Scenario-A

[Summary of discussion]
Discussion on companies’ new analysis on Scenario-A is provided. 

Recommended WF: 

· Suggest proponent companies consider the following aspects: 
· If existing agreements on deployment scenario needs revisit, continue the discussion in 2nd round. 
· If new analysis provides the justification to change the existing agreement in RF/RRM/Demod session, raise the issue in RF/RRM/Demod session accordingly. 
· New analysis is encouraged to be captured in TR. 

	
	Issue 1-2-3: Analysis on mobility

[Summary of discussion]
Analysis is provided for the mobility related issues for uni-direcitonal RRH deployment, particularly on UE moving toward serving beam. 

Recommended WF: 

· In Demod session, there is discussion on channel modelling for demodulation requirement for either CPE towards or backwards the serving beam: 
· Suggest to continue the discussion with channel modelling discussion in email thread [321]. 

	Sub-topic 1-3
	Issue 1-3-1: Implication on demodulation testing for Scenario-B

Recommended WF: 

· Suggest to only discuss over demodulation email thread ([321 NR_HST_FR2_Demod_Part]). 


	
	Issue 1-3-2: Schemes for Bi-directional deployment, Scenario-B

Recommended WF: 

· Considering the group have faced the difficulties to align on a single scheme for bi-directional deployment for Scenario-B, as discussed during last meeting’s GTW, suggest to discussion the impact on channel modelling only. 
· Suggest to only discuss over demodulation email thread ([321 NR_HST_FR2_Demod_Part]). 

	
	Issue 1-3-3: New analysis on Scenario-B

[Summary of discussion]
Discussion on companies’ new analysis on Scenario-B is provided. 

Recommended WF: 

· Suggest proponent companies consider the following aspects: 
· If existing agreements on deployment scenario needs revisit, continue the discussion in 2nd round. 
· If new analysis provides the justification to change the existing agreement in RF/RRM/Demod session, raise the issue in RF/RRM/Demod session accordingly. 
· New analysis is encouraged to be captured in TR.


	
	Issue 1-3-4: Analysis on mobility

[Summary of discussion]
Analysis is provided for the mobility related issues for uni/bi-direcitonal RRH deployment for Scenario-B.  


Recommended WF: 

· For bi-directional Scenario-B, the proposed observation is closely related to RRM requirement definition. Suggest to discussion in the corresponding RRM email thread [216] or [217] directly on the number of RX beam. 
· For uni-directional Scenario-B, suggest to continue the discussion with channel modelling discussion in email thread [321].




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	CR/TP number
	CRs/TPs Status update recommendation  

	R4-2114588
(TP to TR 38.854)
	No comments received, and recommended the TP R4-2114588 to be endorsed. 



Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.
Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	N/A
	
	

	
	
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2118227
	TP to TR 38.854 on Deployment Scenario Analysis for FR2 HST
	Samsung
	Revised
	Comments received to add more information about simulation assumptions. 

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-210xxxx
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-210xxxx
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-210xxxx
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents

Annex 
Contact information
	Company
	Name
	Email address

	Samsung
	Wang, He (Jackson)
	h0809.wang@samsung.com

	Ericsson
	Kazuyoshi Uesaka
	kazuyoshi.uesaka@ericsson.com

	Nokia, Nokia Shanghai Bell
	Dmitry Petrov
	Dmitry.a.petrov@nokia-bell-labs.com

	Qualcomm
	Pierpaolo Vallese
	pvallese@qti.qualcomm.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
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