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[bookmark: _Toc116995841]Introduction
One of the objectives of the NR_HST_FR2_Enh WI [1] is to specify the requirements for simultaneous multi-panel operation:
	· Specify the requirement for simultaneous multi-panel operation for train roof-mounted FR2 high power devices [RAN4]:
· Maximum 2 active panels supporting the multi-panel simultaneous reception. 
· NOTE: Focus on FR2 HST specific requirements, and avoid the overlap with the scope of FR2 multi-Rx DL reception 



At the previous RAN4#104bis-e meeting the first discussion of this topic took place.
In this paper, we further discuss several open issues based on the WF [2], as follows:
· Deployment scenario for FR2 HST multi-panel simultaneous reception
· Limitation on MRTD
· Definition of and capabilities of UE capable of simultaneous reception with two panels
The discussion of UE measurement capabilities is based on the results of system level simulations presented in more details in our accompanying paper [4].


[bookmark: _Toc116995842]Discussion
On HST FR2 deployment scenario for simultaneous multi-panel reception
At the previous RAN4#104bis-e meeting an initial discussion of the deployments that provide gains for UE capable of simultaneous multi-panel reception. The following issues were listed in the WF [2]:
	1.1 Deployment scenario for FR2 HST multi-panel simultaneous reception 
Way forward: 
Open issues need further discussion: 
· Consider bi-directional deployment as a starting point 
· Further check potential gains in Scenario-A, Scenario-B, and uni-directional deployment 
· Further study the particular aspects for FR2 HST, compared with PC3 handheld UE related scenario in Rel-18 NR FR2 multi-Rx chain DL reception WI. 


Based on the discussions during Rel-17 HST FR2 WI and at the previous RAN4#104bis-e meeting on the HST FR2 deployments, we can consider, in general, the following possible open-space scenarios:
· Uni-directional deployments
· Scenario-A
· Scenario-B
· Bi-directional deployment
· Scenario-A
· Scenario-B
In addition to that, one of the companies was discussing deployments where the RRHs are placed on the different sides of the track.
Regarding bi-directional deployments, in our view, the benefits of multi-panel reception is straightforward because the UE can receive two PDSCH transmissions on two different panels instead of only one in Rel-17. This potentially doubles the UE throughput. Such deployments are shown in Figure 1.




[bookmark: _Ref118385341][bookmark: _Ref118454874]Figure 1: HST FR2 bi-directional deployments with simultaneous multi-panel reception: Scenario-A on the top and two schemes for Scenario-B at the bottom.

Regarding, uni-directional deployments, the gains are less obvious.
In the past, we have checked the RSRP values at the HST FR2 UE that accounting for the path gain, RRH antenna gain, RRH beam gain, and TX power for RMa LoS conditions. RRH was located at x=2450 m. For uni-directional (unidir) curves the RRH beam was oriented towards the middle in between the RRHs (i.e., 700m from the RRH) and for bi-directional (bidir) – towards the middle in between the RRHs (i.e., 350 m from the RRH).
From Figure 2 it is visible that there is coverage even 2 kms away from the RRH. However, the difference in the signal Rx power at the distance of 700 m (i.e., from the serving and next closes RRH) can be on the level of 15-17 dBs. With the increase of the distance from the RRH, the difference in Rx powers gets less. However, the reception from the further away RRH becomes less efficient due to the path loss.
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[bookmark: _Ref118383144]Figure 2: Rx power including path loss, antenna and beam gains and Tx power: RSRP graphs on the top for different RRH locations and beam orientations and propagation maps on the bottom (left: Scenario-A, right: Scenario-B, beam is oriented towards the projection of the following RRH on the track). RRH coordinate is 2450m.



[bookmark: _Ref118450724]Figure 3: Schemes demonstrating multi-panel reception in uin-directional deployments: Scenario-A on the top and Scenario-B on the bottom.

Additionally, it is necessary to take into account the UE capability to distinguish two signals/beams on the same carrier received at the same panel with a little angular separation (close AoAs). In Scenario-A, the Tx beams are almost parallel to the railway tracks. The angle in between the railway track and the panel boresight is only around 1 degree in horizontal plane. Therefore, even if one of the RRHs is on the other side of the railway track, the angular spread in this case in between two beams will be on the level of several degrees. Hence, uni-directional Scenario-A does not seem to be feasible for simultaneous reception.
Uni-directional Scenario-B has larger angular spread especially if the RRHs are placed on the different sides of the railway track (Figure 3). However, as it can be also seen from Figure 2, the reception from the next closes beam is becoming sub-optimal, depending on the beam orientation. If this scenario needs to be considered, then it is also necessary to evaluate what are the performance losses due to the reception of two beams only with one panel in comparison to the reception with two different panels.
Finally, the WI lists simultaneous multi-panel reception as one of the objectives. It is a common understanding the HST FR2 CPE is quipped with two panel oriented into two opposite directions along the railway track. Hance simultaneous reception of two beams with one panel, i.e., with 4 layers on one side of the UE, might not be considered as multi-panel reception as such.
[bookmark: _Toc118747942]The benefits of simultaneous multi-panel reception are more obvious in bi-directional deployments than in uni-directional ones. Also, uni-directional Scenario-A can hardly be used for simultaneous reception of multiple beams, whereas uni-directional Scenario-B can be checked further, if it is found to be necessary or such reception can be considered as simultaneous multi-panel reception.
[bookmark: _Toc118747943]RAN4 to consider bi-directional deployment both in Scenario-A and Scenario-B as the primary scenario for simultaneous multi-panel operation.
[bookmark: _Toc118747944]RAN4 to discuss whether simultaneous reception of two beams on one UE panel (i.e., on one side of the CPE) can be considered as simultaneous multi-panel reception or not.

On MRTD in HST FR2 deployment with multi-panel reception
Based on the deployment scenario analysis presented above, we can also address the issue of MRTD for FR2 HST multi-panel simultaneous reception [2]:
	1.3 MRTD for FR2 HST multi-panel simultaneous reception
Way forward:
Open issue needs further discussion:
· [bookmark: _Hlk118469635]Option 1: Follow agreements in Rel-18 NR FR2 multi-Rx chain DL reception WI
· Option 2: For Rel-18 PC6 UE supporting simultaneous multi-panel operation, MRTD of signals received from two panels can be extended to the value higher than CP length
· Option 3: Wait for the conclusions of the discussion in Rel-18 multi-RX WI
· Other Options are not precluded.




The discussion that takes place in Rel-18 NR FR2 multi-RX chain DL reception cannot devote enough attention to the HST FR2 scenarios. Propagation delays in HST scenarios is considerably above the values observed in the usual deployments for handheld PC3 UEs. From Figure 1 and Figure 3 it is visible that simultaneous transmissions are coming to the UE from RRHs 700m away from each other. In this case the propagation delay difference in between two RRHs is around 2.3us, what is 4 times more than the CP length at 120 kHz SCS (CP = 0.58us).
However, it is also necessary to take into account that the existing Maximum Receive Timing Difference requirements are defined in Clause 7.6 of TS 38.133 only for CA scenarios (Clause 7.6.4). For in-band CA, only co-located deployment is applied, hence, the requirement is not relevant. Inter-band CA defined the MRTD for FR2-1 as 8us. This timing difference coves the values typically observed in HST FR2 scenario.
Therefore, it is not obvious whether a new requirement is needed that will set a MRTD value in the single-frequency deployment with non-collocated sources. Rel-18 NR FR2 multi-Rx chain DL should be followed. However, if a corresponding new requirement is defined the cases with MRTD above CP should be covered.

[bookmark: _Toc118747945]Rel-18 NR FR2 multi-RX chain DL reception cannot devote enough attention to the HST FR2 scenarios.
Simultaneous multi-panel operation in HST FR2 deployments is based on the reception of signals from non-collocated RRHs with propagation delay difference far beyond the CP length.
Current MRTD requirements are defined only for NR CA scenarios.
[bookmark: _Toc118747946]Wait for the conclusions of the MRTD discussion in Rel-18 multi-RX WI. Support MRTD above CP if a new requirement for simultaneous reception on the same carrier is introduced.

On UEs capabilities for simultaneous multi-panel reception
As we already noted in our paper at RAN4#104bis-e [3], the terminology used in the NR_HST_FR2_enh WI is a bit different from the related Rel-18 NR_FR2_multiRX_DL. On the other hand, following the Rel-18 HST FR2 WID, it is expected that to “focus on FR2 HST specific requirements, and avoid the overlap with the scope of FR2 multi-Rx DL reception”. In order to re-use some of the conclusions from NR_FR2_multiRX_DL, it is necessary to align the understanding of two active panels and simultaneous reception with the 
[bookmark: _Toc118747947]RAN4 to assume that PC6 UE capable of simultaneous multi-panel reception has at least two Rx chains.

Next, it is necessary to focus on UE capabilities that essential for PC6 UE, i.e., on those that can bring gains from Rel-18 deployment in comparison with Rel-17 deployment.
Since it was already agreed at the previous meeting to consider NC JT scheme in Rel-18 (“RAN4 to consider at least NC JT scheme in HST FR2 Enhanced deployments.”), it follows that the UE should be able of receive PDCCH and PDSCH independently on both of its panels. Due to the large difference in the propagation delays towards the RRHs on different sides of the UE, time/frequency tracking based on different DL RSs should be supported as well. However, in Rel-17 it was assumed that there are UE type capable of tracking only one DL TCI state at a time. This seems not to be possible for HST FR2 UEs that are capable of multi-panel reception anymore.
[bookmark: _Toc118747948]In Rel-17 HST FR2 it was assumed that there are UE types capable of time/frequency tracking of only one DL TCI state. Due to large difference in propagation from non-collocated RRHs simultaneously serving the UE in DL, such assumption cannot be true anymore in Rel-18.
[bookmark: _Toc118747949]RAN4 to assume that Rel-18 HST FR2 PC6 UE capable of simultaneous multi-panel reception supports fine time/frequency tracking for at least two DL TCI states.

Finally, one distinguishing factor that is specific to HST FR2 deployment are the enactments to L1 and L3 measurements. In Rel-17, many requirements were enhanced with the new values of the RX beam sweeping factors to ensure robust mobility, especially when DRX is in use. However, we still observed that some of the scenarios were challenging for mobility and only short DRX cycles up to 80 could be supported. For example, Bi-directional Scenario-A was not in the list of priority scenarios. Opposite uni-directional Scenario-A posed some challenged already for DRX 80.
Following our accompanying paper [4] that presents the results of system-level simulation we can preliminarily conclude that enhancements of measurements can bring gains in different HST FR2 deployments. For example, DRX at 160 ms become more reliable and bi-directional Scenario-A get more usable.
[bookmark: _Toc118747950]Following the results of system-level simulations, simultaneous L3 measurements can improve mobility robustness in HST FR2 deployments, e.g., the DRX above 80 might be supported and bi-directional Scenario-A becomes feasible.
[bookmark: _Toc118747951]RAN4 to discuss the possibility of simultaneous measurements with two panels of PC6 UEs and further enhancements of corresponding RRM requirements.

[bookmark: _Toc116995848]Conclusion
In this paper, we share our views on the distinguishing features of PC6 UEs capable of multi-panel simultaneous reception and what RRM requirements might be impacted.

The following Observations and Proposals were made:
Observation 1: The benefits of simultaneous multi-panel reception are more obvious in bi-directional deployments than in uni-directional ones. Also, uni-directional Scenario-A can hardly be used for simultaneous reception of multiple beams, whereas uni-directional Scenario-B can be checked further, if it is found to be necessary or such reception can be considered as simultaneous multi-panel reception.
Proposal 1: RAN4 to consider bi-directional deployment both in Scenario-A and Scenario-B as the primary scenario for simultaneous multi-panel operation.
Proposal 2: RAN4 to discuss whether simultaneous reception of two beams on one UE panel (i.e., on one side of the CPE) can be considered as simultaneous multi-panel reception or not.
Observation 2: Rel-18 NR FR2 multi-RX chain DL reception cannot devote enough attention to the HST FR2 scenarios. Simultaneous multi-panel operation in HST FR2 deployments is based on the reception of signals from non-collocated RRHs with propagation delay difference far beyond the CP length. Current MRTD requirements are defined only for NR CA scenarios.
Proposal 3: Wait for the conclusions of the MRTD discussion in Rel-18 multi-RX WI. Support MRTD above CP if a new requirement for simultaneous reception on the same carrier is introduced.
Proposal 4: RAN4 to assume that PC6 UE capable of simultaneous multi-panel reception has at least two Rx chains.
Observation 3: In Rel-17 HST FR2 it was assumed that there are UE types capable of time/frequency tracking of only one DL TCI state. Due to large difference in propagation from non-collocated RRHs simultaneously serving the UE in DL, such assumption cannot be true anymore in Rel-18.
Proposal 5: RAN4 to assume that Rel-18 HST FR2 PC6 UE capable of simultaneous multi-panel reception supports fine time/frequency tracking for at least two DL TCI states.
Observation 4: Following the results of system-level simulations L3 measurements can improve mobility robustness in HST FR2 deployments, e.g., the DRX above 80 might be supported and bi-directional Scenario-A becomes more feasible.
Proposal 6: RAN4 to discuss the possibility of simultaneous measurements with two panels of PC6 UE and further enhancements of corresponding RRM requirements.
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