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1. Introduction
This contribution regards the ongoing discussion on Demodulation requirements for FR2 HST, introduced in the WID [1]. 
The proposals listed will address the open topics collected in the previous’ meeting WF document [2].
1. Deployment Typology Signalling from Network
In the previous meetings the introduction of higher layer signalling dedicated to FR2 HST has been discussed in relation to different aspects of the feature, but no consensus was reached.
In this contribution, we would like to focus on one of the proposed higher layer signalling mechanisms and in particular on the introduction of higher layer signaling (ie. System Information, RRC) to inform the UE of the FR2 HST deployment typology (Uni-directional or Bi-directional).
As we have argumented in the previous meeting, the advantages provided by the availability of this network-provided information at the UE seem clear. If we were otherwise to assume that the UE autonomously assumes the typology of the network based on observations (ie. whether network signal is detected only on one of the directions along the tracks, or both), this would lead to other follow up questions needed to eliminate uncertainties left in the system regarding the expected UE behaviour, e.g.: how long should the UE observe the system for before assuming either deployment? how often should the UE check for a potential change in the deployment type?
Observation 1: If the FR2 HST UE is not informed on the deployment type by the network via higher layer signaling, the UE is expected to guess based on direct observations of the network signal. The details of this observations are up to the UE.
It is indeed clear to see how the impact of a wrong assumption on deployment type can have detrimental effects both on performances (i.e., if the UE assumes unidirectional deployment while in a bidirectional deployment) and on power consumption (i.e., if the UE assumes bidirectional deployment while in a unidirectional deployment). 
Further on, it is our view that assuming autonomous decision by the UE on the FR2 HST deployment type can have an undesired impact on the execution of the PDSCH demodulation test for the purposes of validating the requirement: as it was agreed in the previous meeting, and listed in [2] Section 1, the Demodulation tests planned are based on channel models derived from the two different deployments which pose different requirements on the UEs. 
So it is implicitly assumed that the UE is aware of which deployment is currently being tested in, but also in [2], we can see that companies agreed to test FR2 HST UEs using a Single RX Panel, so it is not clear how this setup can guarantee that the UE can correctly identify the deployment used to derive the channel model for the test setup, with unexpected impact on performance.
Observation 2: A wrong UE assumption on the Deployment type can have impacts on performance and power consumption.
Observation 3: With the agreed Single Panel UE test setup, it’s unclear how a correct UE autonomous identification of the FR2 HST Deployment type used to derive the channel model can be ensured during PDSCH performance testing for FR2 HST.
So according to these motivations, we would recommend to introduce the discussed higher layer signaling according to the following proposals.
Proposal 1: To avoid performance and power impact in a real deployment and to ensure proper setup during testing of the PDSCH demodulation requirements, we recommend RAN4 to agree on the introduction of higher layer signaling (ie. System Information, RRC)) to inform the UE of the FR2 HST deployment typology (Uni-directional and Bi-directional scenario). 
Proposal 2: If an agreement is reached on the introduction of higher layer signaling to inform the UE of the FR2 HST deployment typology, we recommend RAN4 to send an LS to RAN2. A draft is provided in the appendix of this contribution.
UE Capabilities and Doppler Frequency
The discussion on the introduction of UE capabilities regarding FR2 HST captured in the WF [2] lists the following options: Way forward:
· Option 1: Do not introduce the UE capability to differentiate requirement for Bi/Uni-directional.
· Option 2: if found to be needed, define UE capability to support operation in HST FR2 bidirectional deployments with higher than 250 km/h speed. Define corresponding performance requirements with up to UE capability


At the end of the previous meeting it is our impression that many of the companies saw the motivation behind the introduction of a UE capability to indicate support of the FR2 HST Bidirectional deployment, because the requirements to support this feature (due to the large Doppler jump, outside of TRS range) represent an additional dedicated functionality with respect to a minimum implementation UE.
Observation 4: We cannot support option 1 (No UE capability for FR2 HST) because a minimum implementation UE is not able to cope with the expected Doppler Jump in FR2 HST Bidirectional deployment with the expected train speed and additional UE processing is required;
We thus recommend RAN4 to introduce a UE capability for the support of the bidirectional deployment scenario, because otherwise we face the risk to introduce mandatory requirements which require an implementation that targets only a dedicated feature, and which cannot be satisfied by a minimum implementation UE. 
On the other hand, we do not see the reason to introducing a UE capability for bidirectional only up to the chosen speed of 250km/h, because this is not targeting an expected real world deployment or train speed, so its application might be of limited use and it is our opinion that a broader UE capability would be better suited to the situation under discussion.
Proposal 3: Support introducing a UE capability for FR2 HST Bidirectional deployment, to avoid introducing mandatory requirements which require a dedicated implementation and which cannot be satisfied by a minimum implementation UE. Given that the limitation to 250Km/h does not reflect any expectation on the real world deployment or train speed, do not include a speed limitation in the capability definition.
If this capability is introduced, the proposals in the following subsections should be also considered.
Test Definition
The option currently listed In the WF has only one test for DPS Scheme 1a (which is the mandatory supported scheme) and this test is designed with Bi-directional Deployment.Way Forward:
· Number of test cases:
· Case 1: Uni-directional scenario A with DPS scheme 1b
· Case 2: Bi-directional scenario B with DPS scheme 1a
· Test applicability  rule 
· If UE is capable of more than 1 activated TCI state, UE should pass test both case 1 and case 2, otherwise, UE should only pass test of case 2  


If a UE capability for Bi-directional deployment is introduced, a UE that supports only DPS Scheme 1a and does not support Bi-directional deployment would not be tested, so we proposed to extend the number of test cases as follows:
Proposal 4: If a UE capability to support FR2 HST Bidirectional deployment is introduced, introduce Test Case 2b: Uni-directional Scenario B with DPS Scheme 1a, and related Applicability Rule that Test 2b can be skipped if UE supports more than 1 Active TCI State.
Maximum Doppler Frequency
On the related issue of Maximum Doppler Frequency to be used in the Bidirectional deployment:
Way forward:
· Option 1: 9722Hz for Bi-directional scenario,  and the assumption of RS for tracking is up to UE implementation
· Option 1a:  Introduce Network Signalling that informs the UE whether a jump is expected (including Deployment type, Intra/Inter-RRH TCI Switching type);
· Option 1b: Not introduce any Network Signalling to inform UE about the Doppler jump
· Option 2: Two sets of requirement pending on UE capability for Bi-directional scenario (9722Hz, 7000Hz);
· Option 3: Two sets of requirement pending on UE capability for Bi-directional scenario (9722Hz, 5652Hz with 0.1ppm FOE error and 10% safety margin);

We are open to compromising on a single requirement using the higher Maximum Doppler Frequency, if a UE capability for Bidirectional deployment is introduced.
Proposal 5: If a UE capability to support FR2 HST Bidirectional deployment is introduced, we are open to compromise on Option 1 (9722Hz) for Maximum Doppler Frequency in Bidirectional Deployment scenario.

Test Setup for PDSCH Requirements
Scenario for Bidirectional Deployment
We support the Deployment scenario included in the WF [2].
Proposal 6: For Bi-Directional Deployment, support the Deployment scenario included in the WF from R4 #101-e.
PDSCH Allocation Timeline
In this section we will list a few observations on the Options listed in the WF regarding the PDSCH Allocation Timeline.
Observation 5: Option 3 does not allow for the UE to receive TRS before resuming throughput performance evaluation and as such should not be considered;
Observation 6: Option 1 and 2 seem fundamentally to be the same, but we consider Option 1 to be more immediate and clearer to understand;
Proposal 7: On the test procedure issue regarding PDSCH allocation timeline, support Option 4 (which generalizes Option 1 to the Test for UE supporting >1 Active TCI State).
However, to reach a definitive conclusion on this issue, it is our view that the input of the RRM discussion on TCI Switching delay should be considered here because it might impact the overall timeline 
Proposal 8: The PDSCH allocation timeline should also consider the input from RRM regarding FR2 TCI switching timeline before we can reach a definitive conclusion on the test procedure.
Simulation Assumptions
Proposal 9: In line with requirements already included in 38.101-4 for HST deployments, we support Option 1 for SSB and TRS period configuration (respectively 20 and 10 ms).
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Observation 1: If the FR2 HST UE is not informed on the deployment type by the network via higher layer 
signaling, the UE is expected to guess based on direct observations of the network signal. The details of this observations are up to the UE.
Observation 2: A wrong UE assumption on the Deployment type can have impacts on performance and power consumption.
Observation 3: With the agreed Single Panel UE test setup, it’s unclear how a correct UE autonomous identification of the FR2 HST Deployment type used to derive the channel model can be ensured during PDSCH performance testing for FR2 HST.
Observation 4: We cannot support option 1 (No UE capability for FR2 HST) because a minimum implementation UE is not able to cope with the expected Doppler Jump in FR2 HST Bidirectional deployment with the expected train speed and additional UE processing is required;
Observation 5: Option 3 does not allow for the UE to receive TRS before resuming throughput performance evaluation and as such should not be considered;
Observation 6: Option 1 and 2 seem fundamentally to be the same, but we consider Option 1 to be more immediate and clearer to understand;

Proposal 1: To avoid performance and power impact in a real deployment and to ensure proper setup during testing of the PDSCH demodulation requirements, we recommend RAN4 to agree on the introduction of higher layer signaling (ie. System Information, RRC)) to inform the UE of the FR2 HST deployment typology (Uni-directional and Bi-directional scenario). 
Proposal 2: If an agreement is reached on the introduction of higher layer signaling to inform the UE of the FR2 HST deployment typology, we recommend RAN4 to send an LS to RAN2. A draft is provided in the appendix of this contribution.
Proposal 3: Support introducing a UE capability for FR2 HST Bidirectional deployment, to avoid introducing mandatory requirements which require a dedicated implementation and which cannot be satisfied by a minimum implementation UE. Given that the limitation to 250Km/h does not reflect any expectation on the real world deployment or train speed, do not include a speed limitation in the capability definition.
Proposal 4: If a UE capability to support FR2 HST Bidirectional deployment is introduced, introduce Test Case 2b: Uni-directional Scenario B with DPS Scheme 1a, and related Applicability Rule that Test 2b can be skipped if UE supports more than 1 Active TCI State.
Proposal 5: If a UE capability to support FR2 HST Bidirectional deployment is introduced, we are open to compromise on Option 1 (9722Hz) for Maximum Doppler Frequency in Bidirectional Deployment scenario.
Proposal 6: For Bi-Directional Deployment, support the Deployment scenario included in the WF from R4 #101-e.
Proposal 7: On the test procedure issue regarding PDSCH allocation timeline, support Option 4 (which generalizes Option 1 to the Test for UE supporting >1 Active TCI State).
Proposal 8: The PDSCH allocation timeline should also consider the input from RRM regarding FR2 TCI switching timeline before we can reach a definitive conclusion on the test procedure.
Proposal 9: In line with requirements already included in 38.101-4 for HST deployments, we support Option 1 for SSB and TRS period configuration (respectively 20 and 10 ms).
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Title:	[DRAFT] LS on Higher Layer Signaling for FR2 HST Deployment Typology
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Work Item:              NR_HST_FR2

Source:                   RAN WG4
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Contact Person:         
Name:                      Pierpaolo Vallese       
E-mail Address:       pvallese@qti.qualcomm.com
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1. Overall Description:
Under the R17 work item of High Speed Train (HST) support for FR2, RAN4 has identified the necessity of informing the UE regarding the typology of the deployment of the FR2 HST network.
RAN4 has agreed to introduce the network assistance signaling informing the UE whether the deployment is Unidirectional (Network RRH Panels are facing only one direction along the train tracks) or Bidirectional (Network RRH Panels are facing both directions along the train tracks). 
When the UE receives the network indication of Unidirectional deployment typology, the UE can reduce power consumption by switching off its operations on the UE RX panel placed in the direction not illuminated by the RRH Panels. On the other hand, when the UE receives the network indication of Bidirectional deployment typology, the UE is aware that the maximum Doppler jump it can see at TCI switch can exceed Tracking Reference Signal range and countermeasures need to be used to avoid performance impact.
RAN4 kindly asks RAN2 to design the corresponding signaling for deployment typology in order to support operation in FR2 HST.

2. To RAN WG2 group. 
ACTION:        RAN4 respectfully asks RAN2 to design the corresponding signaling for deployment typology in order to support operation in FR2 HST.

3. Date of Next TSG-RAN WG4 Meetings:
TSG RAN WG4 Meeting #102-e               21 Feb - 3 Mar 2022    Online 
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