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1. Introduction
This contribution regards the ongoing discussion on Demodulation requirements for FR2 HST, introduced in the WID [1]. Other proposals referenced are included in our company’s related contribution [6]. 
The proposals listed below address how to define the FR2 HST DPS Bidirectional channel model, including how to address HST DPS Transmission scheme 1b, how to extend the FR1 HST DPS PDSCH allocation timeline for FR2 HST DPS. 
1.  Bidirectional Deployment Scenario Model
1.1. Proposed deployment scenario for demodulation tests
The channel model proposed is shown in the picture below. [image: ]
As can be seen from the picture, we assume that FR2 HST UEs:
· Are always connected to the 2nd-nearest RRH, to avoid coverage holes when the train is located close or right below the RRH location;
· According to the principle listed below, the switching points between connecting to one RRH to another RRH are located at:
1. At the midpoint between 2 RRH location [(2k+1)*Ds/2] 
· where the UE switches between adjacent RRHs, ie. from RRH#(2k+1) to RRH#(2k) or from RRH#(2k-1) to RRH#(2k), and;
2. Exactly at the RRH location (ie, (2k)*Ds), 
· where the UE switches between non-adjacent RRH, ie. from RRH#(2k+1) to RRH#(2k-1) or viceversa;

Proposal 1: For PDSCH Demodulation Tests with bidirectional deployment, assume that the FR2 HST UE is connected to the 2nd nearest RRH according to the deployment model depicted in the picture above; 
FR2 HST DPS Scheme 1b for Bidirectional Scenario
In the previous meeting the issue of the applicability of Scheme 1b requirements to the Bidirectional Scenario has been raised. 
In this Scheme, UE is actively tracking >1 TCI state at the same time, and in the FR1 HST DSP Model description in [1] this is used to skip TfirstTRS and TTRS proc after the TCI state switch command is received.
However, companies raised the observation that in the bidirectional deployment scenario actively tracking 2 different TCI states would imply simultaneous reception from different panels. This scenario is excluded from the WID, so it is our view that RAN4 should not define requirements for HST DPS Scheme 1b.
Observation 1: To actively track ≥2 TCI States in FR2 HST Bidirectional Deployment, the UE can be required to simultaneously receive from 2 different panels (ie. when RRHs transmitting Active TCI states are placed in opposite relative directions with respect to the UE).
Proposal 2: Do not define PDSCH Demodulation requirements for HST DPS Scheme 1b for Bidirectional deployment.
FR2 HST DPS Timeline
UE FO/TO Tracking and TCI Switches
In the previous meetings, the discussion has covered extensively the potential issues derived by the large Timing and Frequency offsets that are expected to be experienced by FR2 HST UEs when switching connection between RRHs in both Deployment scenarios. The discussion has focused respectively on Delay jump for unidirectional deployment and Doppler jump for bidirectional deployments, see [2] and [4] for reference. 
There seems to be consensus on the fact that these discontinuities in the propagation channel experienced by the UE cannot be handled by relying on TO/FO tracking based on TRS, due to the fact that they are expected to result in errors outside the estimation range of this RS. To cope, the UE is expected to switch to using SSB-based estimations for FO/TO tracking, process the SSB associated with the new TCI state after the switch and apply the estimated corrections before switching tracking RS back to TRS and resume PDSCH processing. 
Therefore, we observe that the transition period in the TCI state switch timeline needs to be extended to allow the UE to switch frequency offset tracking RS to SSB and receive at least one instance of SSB. After the received SSB is processed, the UE should switch FO tracking RS to TRS and receive at least one instance of TRS before it is able to receive PDSCH allocation from the new TCI without performance degradation (see also our related proposals in [6]).
Observation 2: 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; 
PDSCH and PDCCH Allocation Timeline
According to the test definition in [3] for the FR1 Minimum requirements for HST DPS it can be noted that, e.g. according to Note 1 in Table 5.2.2.1.10-2 as follows:Note 1: SSB # (k mod 2) , CSI-RS (for tracking) resource set # ((k mod 2) + 1) and CSI-RS (for CSI acquisition) resource set # ((k mod 2) + 3) are transmitted by kth RRH. 
For Test 1-1, TCI state switching command scheduled by MAC CE with MCS 4 is transmitted in slot #i that satisfy mod(i, 2n) = n. PDCCH and PDSCH associated with TCI # (k mod 2) is transmitted by kth RRH 
from slot#:
· max [(2k − 1)n + 1 + THARQ + TMAC proc + TfirstTRS + TTRS proc, 0] 
to slot#:
· (2k + 1)n + THARQ + TMAC proc

PDCCH and PDSCH are DTXed in other slots in which throughput statistics are not considered.

This model should be adapted and modified to the FR2 Deployment scenarios for both Unidirectional and Bidirectional (ie. in order to reflect the UE connection to the 2nd nearest RRH proposed in the previous section). 
In particular, we would like to observe the timeline should be extended to increase the region of DTX for PDCCH and PDSCH in which throughput statistics are not considered when switching across RRHs. This is a direct consequence of the fact that the UE has to switch to SSB-based tracking in when switching TCI across different RRHs.
Observation 3: The UE will have to switch to SSB-based tracking to estimate the doppler jump in bidirectional deployment or the delay jump in unidirectional deployment when switching TCI across different RRHs;
Observation 4: For PDSCH Demodulation Tests, assume that UE is informed through network signaling whether the TCI State Switch happens across RRH according to the proposals included in [6].
So, in case the UE is switching TCI state across different RRHs, we should 
1. Adding the following two terms to the PDSCH allocation timeline:
[bookmark: _Hlk85820133]TfirstSSB + TSSB proc 
· TfirstSSB is the number of slots to the first SSB transmission occasion after MAC CE command is decoded by the UE;
· TSSB proc is the number of slots for SSB processing;

2. While TfirstTRS should be updated to TfirstTRSafterSSB  to reflect this new definition:
· TfirstTRSafterSSB is the number of slot to the first TRS transmission occasion available after (TfirstSSB + TSSB proc) after MAC CE command is decoded by the UE;
Proposal 3: During the PDSCH demodulation tests for FR2 HST DPS, after the UE switches to a new TCI do not consider throughput statistics until the UE has received and processed at least one instance of SSB, followed by one instance of TRS and including respective RS processing time. 
Proposal 4: According to the previous proposal, for FR2 HST DPS extend the FR1 HST DPS PDSCH allocation timeline to include TfirstSSB, TSSB proc and replace TfirstTRS with TfirstTRSafterSSB.
1. [bookmark: _Hlk85466326]Conclusions
Observation 1: To actively track ≥2 TCI States in FR2 HST Bidirectional Deployment, the UE can be required to simultaneously receive from 2 different panels (ie. when RRHs transmitting Active TCI states are placed in opposite relative directions with respect to the UE).
Observation 2: 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 3: The UE will have to switch to SSB-based tracking to estimate the doppler jump in bidirectional deployment or the delay jump in unidirectional deployment when switching TCI across different RRHs;
Observation 4: For PDSCH Demodulation Tests, assume that UE is informed through network signaling whether the TCI State Switch happens across RRH according to the proposals included in [6].

Proposal 1: For PDSCH Demodulation Tests with bidirectional deployment, assume that the FR2 HST UE is connected to the 2nd nearest RRH according to the deployment model depicted in the picture above; 
Proposal 2: Do not define PDSCH Demodulation requirements for HST DPS Scheme 1b for Bidirectional deployment.
Proposal 3: During the PDSCH demodulation tests for FR2 HST DPS, after the UE switches to a new TCI do not consider throughput statistics until the UE has received and processed at least one instance of SSB, followed by one instance of TRS and including respective RS processing time. 
Proposal 4: According to the previous proposal, for FR2 HST DPS extend the FR1 HST DPS PDSCH allocation timeline to include TfirstSSB, TSSB proc and replace TfirstTRS with TfirstTRSafterSSB.
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