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Introduction
[bookmark: _Hlk79100912]During RAN4#99-e the following open issues in HST FR2 deployment discussion were captured in WF [1]:
	· Large difference in propagation delays
· FFS the impact of the large difference in propagation delays from different RRHs in a cell when DPS scheme is used:  
· Large difference in propagation delays exist in 
· Uni-directional RRH deployment
· Some schemes for bi-directional RRH deployment
· Whether or not one deployment scenario should be precluded in Rel-17 needs to consider the decision from RRM session.
· RRM session will investigate and decide on potential methods to mitigate the propagation delay issue


· Potential Handover Issue: 
· FFS another potential handover issue due to the sudden degraded serving cell quality for UE moving toward the serving beam in uni-directional deployment. 


· Number of Beam(s) for uni-directional (if confirmed to be used), Scenario-B: 
· RRH parameter:
· 2 beams per RRH panel 
· Other options not precluded
· FFS the benefits of implementing more beams per RRH panel
· UE parameter: 
· 1 beam per UE panel 
· Other options not precluded
· FFS the benefits of implementing more beams per UE panel


In this paper we would like to provide our views on the abovementioned open issues.
Discussion
Large difference in propagation delays
Large difference in propagation delays from the neighboring RRHs cause the following problems:
1) Large timing offsets can not be estimated with TRS and DMRS
2) UE transmit timing can not be adjusted fast enough by means of the legacy autonomous timing adjustment procedure due to a limited adjustment step.
In case if any of these two problems can not be solved the restrictions on the deployment scenarios will be required – the deployment will be limited to only bi-directional scenario. As we mentioned in our previous papers [2][3] bi-directional deployment does not have benefits over uni-directional (except of this propagation delay difference issue) and uni-directional scenario allows to use network resources in a more efficient way. So, we prefer, on the contrary, to restrict bi-directional deployment and consider only uni-directional scenario.
For the first problem (large timing offsets) we should remind that the neighboring RRHs are assigned with different SSB indexes. In this case for each RRH we can estimate the large timing offsets through PSS/SSS detection algorithm, thus resolving the first problem.
Observation 1: The problem of large timing offsets estimation can be resolved by using PSS/SSS detection algorithm for each SSB associated with different RRH.
For the second problem (UE transmit timing) the most promising solution is to introduce One-shot large timing adjustment feature, as it is discussed in our paper [4] submitted for RRM session. This feature has already been discussed in RAN4 in Rel-15/16 but was postponed to future releases. We propose to continue the discussion and introduce the feature into the spec at least for FR2 HST as we can see the critical need in this feature for this use case.
Observation 2: The problem of UE transmit timing can be resolved by introducing introduce One-shot large timing adjustment feature.
[bookmark: _Hlk79139673]Based on the described solutions for the large propagation delays difference problem we can say that there is no need to restrict uni-directional deployment due to this issue. The related problems can be solved.
Proposal 1: There is no need to restrict uni-directional deployment due to large propagation delay difference issue. The related problems can be resolved.

Potential Handover Issue 
In case of UE moving towards the serving beam, there might be a problem with fast drop of the serving beam SNR so that it becomes unavailable after UE passes serving RRH. In this case either measurement reports can not reach the serving cell or the following handover command can not reach the UE. 
The problem can be solved by Network by assigning correct threshold for handover (e.g. for A3 or A5 events). In this case HO will happen before the signal drop. 
Another solution for this problem is Conditional handover which was designed to solve same issues – when serving cell suddenly becomes unavailable. In Conditional HO serving cell sends HO command in advance together with the associated condition on when to apply this command. UE receives the command and stores it without applying and starts monitoring the received condition. As soon as condition is met, UE applies the stored command and sends PRACH to the target cell without additional communication with serving cell.
Observation 3: potential handover issue due to the sudden degraded serving cell quality for UE moving toward the serving beam in uni-directional deployment can be solved by proper Network configuration: either through setting correct threshold to perform HO earlier, or by using Conditional HO.

Number of Beam(s) for uni-directional deployment in Scenario-B
To justify the proposal made in this section, we will refer to the link budget analysis. The main assumptions were described in [5] and [6]. For the analysis in this paper we used the antenna parameters agreed in the previous meetings: [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2] at RRH side and [Mg, Ng, M, N, P]=[1, 1, 4, 4, 2] at the UE side. 
Figure 1 shows the comparison between DL SNR along the track for the case when one (red curve) and eight (blue curve) beams are used at the UE. The comparison was made for the case of 2 Tx beams at RRH (Figure 1a) as it was proposed in [3] and for the case of 8 Tx beams (Figure 1b) to demonstrate the behavior under wider RRH coverage. 

	
a)
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	b)
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	Figure 1. DL SNR along the track for the cases when one (red curve) and eight (blue curve) beams are used at the UE. L1-RSRP measurement report delay is considered (train moves from left to right)


[bookmark: _Hlk71379422]As we can see, considering more UE Rx beams may provide better SNR. But even for the case of 2 RRH beams and fixed UE Rx beam we already have sufficient link budget. Moreover, the issue of the CPE beams number is mostly related to RRM where we need to define the number of beams for beam search. The RRM requirements for SNR are much lower than the demodulation requirements for high MCS used in our analysis, so we are more than fine with the SNR provided by single beam.  
Proposal 2: For uni-directional Scenario-B deployment RAN4 to consider 1 beam per UE panel and 2 beams per RRH panel.
Conclusion
In this paper we provided our view on several open issues in HST FR2 deployment discussion. The following proposal were made:
Observation 1: The problem of large timing offsets estimation can be resolved by using PSS/SSS detection algorithm for each SSB associated with different RRH.
Observation 2: The problem of UE transmit timing can be resolved by introducing introduce One-shot large timing adjustment feature.
Proposal 1: There is no need to restrict uni-directional deployment due to large propagation delay difference issue. The related problems can be resolved.
Observation 3: potential handover issue due to the sudden degraded serving cell quality for UE moving toward the serving beam in uni-directional deployment can be solved by proper Network configuration: either through setting correct threshold to perform HO earlier, or by using Conditional HO.
Proposal 2: For uni-directional Scenario-B deployment RAN4 to consider 1 beam per UE panel and 2 beams per RRH panel.
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