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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 #104-bis-e, the WF on other RRM core requirement impacts for FR2 HST enhancement was agreed [2]. In this contribution, we would like to share our further analysis of RRM core requirement impact for FR2 HST enhancement. 
2 Discussion 
Another Rel-18 NR_FR2_multiRX_DL WI has been approved in Rel-18[3], and a lot of RRM requirement impacts for such WI have been analyzed, and some of them have been reach a consensus in the RAN4 #104-bis-e[4]. In our view, in order to avoid overlapping the scope of such ongoing WI, before providing further discussions, it is better first to assess whether the issues discussed and the conclusions agreed in multi-Rx WI in last meeting are also applicable to FR2 HST multi-panel simultaneous reception. If it is applicable, we suggest to align with R18 NR_FR2_multiRX_DL WI discussions. If not, the solid discussions for the HST FR2 specific issues in simultaneous multi-panel operation is needed. To help the further analysis, the issues, agreements and WFs which are relevant to the three email threads for FR2 multi-Rx chain DL reception WI are summarized as follows
	WF on RRM impacts and general aspects for multi-Rx 
Topic #1: Analysis of RRM imapct
Sub-topic 1-1: Scope and scenarios
	<Agreement >:
Joint combination of multi-Rx chain with NR-U, RedCap and NTN are not in the scope of the WI.
<Agreement >:
RRM requirement discussion shall be focused on the case with different QCL TypeD RSs on a single component carrier.
FFS whether UE can be configured with multiple component carriers, including intra-band CCs and/or inter-band CCs, but multi-Rx chain is enabled on only one of the component carriers.
<Agreement >:
Clarify the SSB and CSI-RS based simultaneous L1 measurement scenario before making conclusion on scenarios for Rel-18 multi-Rx DL reception, i.e., for simultaneous reception of different QCL type D RSs, what RSs combination(s) can be considered and which scenario(s) it is aimed at.
<WF&Issues >:
Issue 1-1-1: Scope of the WI
[bookmark: _Hlk116635889]Issue 1-1-3: Scenarios for Rel-18 multi-Rx DL reception
Issue 1-1-4: Support of single-DCI and/or multi-DCI multi-TRP operation
Issue 1-1-5: Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel
Issue 1-1-6: Simultaneous L3 measurements and L1 measurements


Sub-topic 1-2: General aspects
	<Agreement >:
UE behaviour and capability of handling Rx signal level difference between two channels may be discussed in RF/demodulation session.
Enhanced RRM requirements for multi-Rx chain UE should maintain the existing accuracy requirements.
<Agreement >:
Whether to define RRM requirements for activation delay from a single antenna panel to multi-antenna panels should be decided after RF conclusion.
<WF&Issues >:
Issue 1-2-1: Definition of “simultaneous reception”
Issue 1-2-2: Scenarios for “simultaneous reception”
Issue 1-2-4: UE architectures
Issue 1-2-6: Beam management
Issue 1-2-8: RRM impact of the UE behaviour using a single antennal panel
Issue 1-2-9: Whether and how to define power saving related requirements
Issue 1-2-11: Scheduling restriction/availability requirements on group-based L1 measurements


Sub-topic 1-3: Receive timing difference
	<Agreement >:
Not to discuss UL transmission in R18 FR2 multi-Rx WI.
<WF&Issues >:
Issue 1-3-1: Receive timing difference


Sub-topic 1-4: Applicability and conditions
	<Agreement >:
· RRM requirement of simultaneous DL reception from different directions shall be defined based on the applicable condition to be specified in UE RF session.
· FFS the relation between the applicability condition and RRM requirement impacts
<Agreement >:
· To clarify the requirement in new section that R18 multi-Rx is applicable for FR2-1 only, i.e., no FR2-2.
<WF&Issues >:
Issue 1-4-2: Applicability of new requirements to different QCL types
Issue 1-4-3: Applicability of requirements for serving cell
Issue 1-4-5: Detectable condition of RS signals


Sub-topic 1-5: UE capabilities
	<WF&Issues >:
Issue 1-5-1: Clarification/understanding on R16 UE capabilitiy simultaneousReceptionDiffTypeD
Issue 1-5-2: UE capability of simultaneous reception of measured RS and data
Issue 1-5-3: UE capability of simultaneousRxDataSSB-DiffNumerology


Sub-topic 1-6: RRM Testability 
	<WF&Issues >:
Issue 1-6-1: AoA setup for multi-Rx chain


Topic #2: L3 measurement related
	<WF&Issues >:
Issue 2-1-1: Feasibility/necessity of enhancing requirements for L3 measurements


WF on L1 measurements, beam sweeping factors and simultaneous 
<Agreement >:
	L1 RSRP/SINR Measurements:
· The number of samples assumed to define the accuracy requirements should not be changed
BFD/BFR:
· CSI-RS based BFD/BFR is in the scope of the current WI
Multi-Rx and other features:
· Do not discuss join requirements for multi-Rx and NR-U, NTN and RedCap at least until all the requirements for multi-Rx are finalized


<WF >:
	L1-RSRP Measurements
· Reducing the beam sweeping factor
· Simultaneous reception of data and RS for L1 measurements
· Simultaneous reception of RS for L1 measurements with different QCL type-D
RLM
· Beam sweeping factor reduction
· Simultaneous reception of data and RLM-RS
· Simultaneous reception of RS for L1-measurement and RLM-RS
CBD/BFD
· Beam sweeping factor reduction
· Simultaneous reception


[bookmark: _Hlk116589173]WF on TCI state switching in multi-Rx chain DL reception
Sub-topic 1-1: Requirements and Scenarios
	<Agreement >:
Issue 1-1-1: Requirements to be defined
[bookmark: _Hlk116589252]Define DL TCI state switch requirements. UL TCI state switching, and UL spatial relation info switch are not in the scope of the WI.
Issue 1-1-2:  Scenarios to be considered w.r.t Intra-cell/Inter-cell multi-TRP
Issue 1-1-3:  Scenarios to be considered w.r.t single DCI/multi-DCI.


Sub-topic 1-2: TCI state switching requirements 
	Issue 1-2-1: Assumptions for dual TCI state switching
Issue 1-2-1-1: Dual TCI state switching requirements shall be based on
<Agreement >:
Rel-15/Rel-16 TCI framework 
Issue 1-2-1-2:  Can the TCI switch is assumed to be independent on each RX chain?
<Agreements>: 
For each of the two TCI states, the TCI state switch is assumed to be independent
· FFS on the definition/scope of “independency.”
Issue 1-2-2:  Switch command for dual TCI state switch
Issue 1-2-2-1: When two TCI states are switched simultaneously, assumption on the switch commands
<Agreements>: 
Wait for conclusion on scenarios in other thread w.r.t sDCI vs mDCI.  
Issue 1-2-2-2: TCI state switch scenarios to be considered    
<Agreements>: 
Waiting for the scenario’s conclusion in other thread w.r.t sDCI vs mDCI
FFS on the definition of dual TCI state switching. Companies are requested bring their views to next meeting
Issue 1-2-2-3: If the proposal 1 to issue 1-2-2-2 is acceptable, can the following proposal be acceptable.
Issue 1-2-3: Known condition
Issue 1-2-3-1:  When two TCI states are switched simultaneously, known condition for the TCI states is
Issue 1-2-4: Delay requirements:
Issue 1-2-4-1:  Requirements are specified for following cases only. Do you agree with below proposals?
Issue 1-2-4-2: Does the cross-panel switch time needs to be defined.     
<Agreements>: 
RRM not to define additional TCI state switching delay for cross panel TCI state switching. If RF session achieves a new conclusion on panels ON/OFF switch time, RRM session may revisit the issue if required. 
Issue 1-2-4-3: TCI state switch delay requirements
Issue 1-2-5:  Time frequency tracking requirements
Issue 1-2-5:  Time frequency tracking requirements    


Sub-topic 1-3: TCI state list update requirements 


2.1 RF chains for FR2 HST multi-panel simultaneous reception
In the last meeting, the following issues were agreed to further study.
	· [bookmark: _Hlk117004081]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
· FFS whether Rel-18 FR2 PC6 UE can be configured with multiple carriers even with multi-RX chains enabled.


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 in [5], which clearly indicate that panel is a logic conduct, i.e., corresponding to spatial filter different from .
	1.2 ’Panel’ understanding in assumptions for deriving UE RF requirements
Way Forward: Take the following panel assumption for DL reception, noting panel is a logical construct:
	‘Panel’ is defined as one or multiple as combination of below depending on different UE implementation: 
Unit of antenna group to control beam independently 
0. Within a panel, one beam can be selected and used for DL reception.
0. Across different panels, multiple beams [(each selected per panel)] may be used for DL reception.
0.  ‘Beam’ is assumed to mean spatial filter associated with reception.






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
The issue about the UE architectures supporting simultaneous reception was extensively discussed (issue 1-2-4: UE architectures) but without agreement in multi-RX RRM session. Majority companies agreed that the discussion can be left to RF session if necessary. It is also acceptable for us, since the UE implementation (e.g., spherical coverage requirement, dimension/location of panels, etc) is under discussion in RF session, for which the architecture needs to be further confirmed from RF experts. 
Nevertheless, 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 2: For roof-mounted UE supporting multi-panel simultaneous DL reception is capable of multi-RX chains.
While, 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. An example of two RX chains roof-mounted UE architecture from RRM perspective is shown in figure 1.
[image: ]
Figure 1. An architectural overview for two RX chains roof-mounted UE from RRM perspective
Propose 3: 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
For the issues in multi-RX WI relevant to how to define the requirements including scenarios (intra-/inter-cell mTRP) and UE capabilities (sDCI vs. mDCI) (see the multi-RX agreements shown in Section 2, both are highlighted in pink). Since the discussion of intra-/inter-cell mTRP scenarios was not focused in the RF session, and multi-DCI based multi-TRP transmission based on Rel-16 feMIMO scheme had been considered in FR2 HST WI discussion, we do not see the necessity to have the two issues in FR2 HST multi-panel simultaneous reception. Specifically for scenarios discussion, there is no need to discuss inter-cell mTRP, while for UE capabilities discussion, both sDCI and mDCI need to be considered, accordingly we think there is no need to wait for the scenario’s conclusion to discuss TCI state switching requirements in this WI.
Propose 4: There is no need to discuss inter-cell mTRP, 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 5: 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
The reason why discuss MRTD requirement in multi-RX WI is that some companies think the requirement should depend on UE architecture, which is also an ongoing issue. 
However 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 (as we discussed in 2.1.2), 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. Overall, the condition of DL transmission timing from two neighboring RRHs can be furhter studied: 
Proposal 6: 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 7: 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: For roof-mounted UE supporting multi-panel simultaneous DL reception is capable of multi-RX chains.
Propose 3: 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 4: There is no need to discuss inter-cell mTRP, both sDCI and mDCI need to be considered in FR2 HST multi-panel simultaneous reception.
Proposal 5: 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 6: 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 7: The necessity of enhancement in uplink relation switch delay requirement is not in the scope of the WI.
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