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1. Introduction
In RAN#95e meeting, the Rel-18 RAN4-led WI on enhanced NR support for high speed train scenario in FR2 has been approved as [1]. This Rel-18 can be regarded as the continuous enhancement over the Rel-17 feature of NR support of FR2 HST, in which Rel-17 WI RAN4 has focused on train roof-mounted high-power devices for NR SA single carrier scenario in FR2, by studying the FR2 HST deployment scenario and specifying the channel modelling, RF, RRM and demodulation requirements for FR2 HST. Accordingly, in RAN4 #105, the WF on other RRM core requirement impacts for FR2 HST enhancement was agreed [2]. 
	<Agreement from RAN4#105 RRM Session> 
WF on NR FR2 HST RRM Core requirements impact 
Sub-topic 2-1: RRM impact by multi-panel simultaneous reception 
<Agreement >:
· Issue 2-1-1: Deployment scenario for FR2 HST multi-panel simultaneous reception
· Candidate scenarios to identify RRM impact from multi-panel simultaneous reception:
· Scenario #1: Bi-directional deployment in Scenario-A and Scenario-B
· Note: Uni-directional deployment is not considered for further studies
<Way Forward>: 
· It is noted that RF session still keep the possibility of multi-panel simultaneous reception in uni-directional deployment.
<Agreement >:
· Issue 2-1-2: RF chains for FR2 HST multi-panel simultaneous reception
· Rel-18 FR2 PC6 UE can be configured with multiple carriers even with multi-RX chains enabled.
· The configuration options are FFS:
· Option 1: Rel-18 FR2 PC6 UE can be configured with multiple carriers even with multi-RX chains enabled, but multi-Rx chain is enabled only on one of the component carriers
· Option 2: Rel-18 FR2 PC6 UE can be configured with multi-RX chains enabled on more than on component carrier.
<Agreement >:
· Issue 2-1-3: MRTD for FR2 HST multi-panel simultaneous reception
· For Rel-18 PC6 UE supporting simultaneous multi-panel operation, FFS MRTD of signals received on two panels on the same carrier can be extended to the value higher than the length of CP 
· FFS whether this UE behaviour/requirement depends on UE capability or not.
· FFS whether depends on the deployment (e.g., Ds)


In this contribution, we would like to share our further analysis of RRM core requirement impact for FR2 HST enhancement. 
2 Discussion 
2.1 RF chains for FR2 HST multi-panel simultaneous reception
In the last meeting, the following issues were agreed to further study.
	· FFS the definition of simultaneous multi-panel operation in HST FR2.
· FFS HST FR2 specific issues in simultaneous multi-panel operation compared with Rel-18 NR FR2 multi-Rx chain DL reception WI
· Candidate HST FR2 specific issues to be considered for the next meeting
· Measurements
· UE capability
· Transmission scheme with mDCI or sDCI
· UE architecture
· Other issues are not precluded


2.1.1 Definition of simultaneous multi-panel operation in HST FR2
If the terminology RRH is aligned to TRP, then with the multi-TRP feature, UE is allowed to connect to multiple RRHs simultaneously. And to support simultaneous DL reception with different AoAs, the UE should have multi-Rx capability and shall be expected to operate with multiple active panels at the same time, which is discussed in NR_FR2_multiRX_DL WI. To avoid ambiguity, the ’Panel’ understanding in assumptions for deriving UE RF requirements was agreed and updated in [3].
	1.1.8	On ’antenna module’ and “panel” 
Agreement: 
· The terms ‘antenna module’ and “panel” are not referenced in the final UE RF requirement and test configuration
· The scenario where a single antenna module is used to receive two AoAs simultaneously should not be excluded. If an antenna module can be used to receive two AoAs simultaneously, it is considered to consist of at least two panels, where the understanding of “panel” is based on Proposal 1 of 1.2.11
· On “panel”, 
·  ‘Panel’ is defined as a group of antenna element that controls beam independently and has the following attributes 
· Within a panel, one beam can be selected and used for DL reception.
· Across different panels, multiple beams (each selected per panel) may be used for DL reception.
· ‘Beam’ is assumed to mean spatial filter associated with reception.
· Confirm that a physical panel with dual polarization is assumed as two “panels”. 
· [Assuming four antenna panels per UE as the reference architecture for deriving the spherical coverage requirement of the spherical coverage requirement for the multi-Rx chain DL reception. The four panels are separated into two pairs, and each pair is composed of two antenna panels with orthogonal polarizations that are co-located. 
· Antenna panels used to receive two AoAs simultaneously is up to UE implementation ]



In multi-RX WI, the definition of panel need to be clarified first before defining the simultaneous multi-panel operation. While in this WI, we do not see the necessity of discussion on it but to align to the panel definition agreed in multi-RX RF session.
Propose 1: The definition of panel would follow RF conclusion and the discussion on it can be precluded in HST FR2
2.1.2 HST FR2 specific issues in simultaneous multi-panel operation
1) Measurements-L3 measurement
For FR2 NR_FR2_multiRX_DL WI, it was agreed in RAN4#104 that 2 searchers are assumed for cell detection and measurements. Given this agreement, we understand that the existing searcher sharing principle, i.e., one searcher is dedicated for PCell and the other searcher is shared between other CCs, is also adopted in Rel-18 FR2 multi-RX DL reception. From this, if UE’s capability allows for performing L3 measurement simultaneously on two panels on single component carrier, multiple searchers are need to be supported for L3 measurements on one CC, which is not aligned the agreed searcher assumption. 
Propose 2: L3 measurements shall be precluded in multi-panel simultaneous reception
2) UE capability
For FR2 HST, RAN4 to consider CPE to be equipped with two panels pointed forward and backward along the track in order to achieve good coverage. Utilizing the two panels located in opposite sides of CPE for reception from different direction, there is no intended overlapping spherical coverage issues. As such, no need to discuss train roof-mounted UE architectures issue related to RF UE implementation in FR2 HST multi-panel simultaneous reception any more. Meanwhile, considering the train roof-mounted UE architectures from assumption of supporting multi-panel simultaneous reception, we believe that the number of panels and the number of Rx chains on the UE necessarily need to have 1-to-1 mapping. That is to say, the term “multiple active panels” means “multiple RX chains”.
Observation 1: RAN4 to consider CPE to be equipped with two panels pointed forward and backward along the track.
Propose 3: For roof-mounted UE supporting multi-panel simultaneous DL reception is capable of multi-RX chains.
3) UE architecture
Although the discussion on RF implementation-related UE architecture can be precluded, it is still important to discuss UE architecture from RRM perspective. As roof-mounted CPE is plug-in, the power consumption is not critical for that type of UE. From this, in our opinion, in order to support the multi-RX and fully enjoy the benefits of multi-panel simultaneous reception, two sets of antenna panel/RX chain+ BF+AGC + RF front-end (time and frequency sync) +FFT should be assumed. Beside, for each RX chain, independent demodulation/RRM capability should be considered. 
Propose 4: For roof-mounted UE supporting multi-panel simultaneous reception, the following UE architecture is necessary:
Multiple antenna panel/RX chain+ BF+AGC + RF front-end (time and frequency sync) +FFT+ additional RRM/Demod
4) Transmission scheme with mDCI or sDCI
In RAN4 #105 FR2 NR_FR2_multiRX_DL WI, the following was agreed regarding the transmission scheme[4]
	<Agreement from RAN4#105 RRM Session> 
WF on NR FR2 multi-Rx chain DL reception – Part 1
Topic #1: Analysis of scope and scenarios
<Agreement >:
· Issue 1-1-4: Support of single-DCI and/or multi-DCI multi-TRP operation
· Consider both sDCI and mDCI


Meanwhile, Multi-DCI based multi-TRP transmission based on Rel-16 feMIMO scheme had been considered in FR2 HST WI discussion. From this, for transmission scheme in FR2 HST multi-panel simultaneous reception, both sDCI and mDCI need to be discussed
Propose 5: Both sDCI and mDCI need to be considered in FR2 HST multi-panel simultaneous reception.
2.1.3 Whether Rel-18 FR2 PC6 UE can be configured with multiple carriers
In the FR2 multi-RX WI, the related issue has been discussed and comes to an agreement (see the multi-RX agreements shown in Section 2, highlighted in blue), actually the discussion comes from different understandings of the below main bullets of objectives in WID:
	· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception with two different QCL TypeD RSs on single component carrier with up to 4 layer DL MIMO
...
· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier
...


However, considering intra-band CA is considered in FR2 HST enhancement work item, we see no reason to restrict the Rel-18 work item into the case where UE is just configured with one single FR2-1 carrier. Different from the FFS agreed in multi-RX WI, the following proposals are provided for FR2 PC6: 
Proposal 6: For Rel-18 FR2 PC6, UE can be configured with multiple carriers even with multi-RX chains supported, but multi-Rx chain is enabled on only one of the component carriers.
2.2 MRTD for FR2 HST multi-panel simultaneous reception
First, in FR2 HST, the UE architecture has been defined, utilizing the architecture that two panels is located in forward and backward directions, it is only possible to have two AoA directions being distinct enough to have the simultaneous reception. In this case, totally independent RF and BB processing should be provided to two distinct AoAs, which means no restriction should be given for MRTD between different directions. Besides, the PC6 UE with multi-RX chain is able to support mTRP deployments, RAN4 is expected to study UE RX capability receiving extended MRTD based on non-collocated mTRP deployment scenario operating in the same band with the introduction of CA operation. 
Second, considering the HST bi-directional scenario, for the assumed separation distance Ds = 700m, the propagation delay can be increase by more than 2 (about 2.33us), it is already larger than CP length for FR2 @120kHZ shown in Table 1
Table 1 CP length for various SCS
	Parameter / Numerology (µ)
	0
	1
	2
	3
	4

	Subcarrier Spacing (KHz)
	15
	30
	60
	120
	240

	OFDM Symbol Duration (us)
	66.67
	33.33
	16.67
	8.33
	4.17

	Cyclic Prefix Duration (us)
	4.69
	2.34
	1.17
	0.57
	0.29

	OFDM Symbol including CP (us)
	71.35
	35.68
	17.84
	8.92
	4.46


Proposal 7: 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.
2.3 UL and DL TCI switching for FR2 HST multi-panel simultaneous recption 
Since it is agreed that UL TCI state switching, and UL spatial relation info switch are not in the scope of multi-RX WI, highlighted in cyan, we think the necessity of enhancement in uplink relation switch delay requirement is not in the scope of the WI
Proposal 8: The necessity of enhancement in uplink relation switch delay requirement is not in the scope of the WI.
3. Conclusion
In this contribution, we would like to share our further analysis of RRM core requirement impact for FR2 HST enhancement:
Observation 1: RAN4 to consider CPE to be equipped with two panels pointed forward and backward along the track.
Propose 1: The definition of panel would follow RF conclusion and the discussion on it can be precluded in HST FR2
Propose 2: L3 measurements shall be precluded in multi-panel simultaneous reception
Propose 3: For roof-mounted UE supporting multi-panel simultaneous DL reception is capable of multi-RX chains.
Propose 4: For roof-mounted UE supporting multi-panel simultaneous reception, the following UE architecture is necessary:
Multiple antenna panel/RX chain+ BF+AGC + RF front-end (time and frequency sync) +FFT+ additional RRM/Demod
Propose 5: Both sDCI and mDCI need to be considered in FR2 HST multi-panel simultaneous reception.
Proposal 6: For Rel-18 FR2 PC6, UE can be configured with multiple carriers even with multi-RX chains supported, but multi-Rx chain is enabled on only one of the component carriers.
Proposal 7: 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.
Proposal 8: The necessity of enhancement in uplink relation switch delay requirement is not in the scope of the WI.
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