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1	Introduction
WID on the enhanced NR support for high speed train scenario in frequency range 2 (FR2) lists the following core part objectives relevant to the UE demodulation performance [1].
	· Only train roof-mounted high power devices with target applicable carrier frequency up to 30GHz and up to 350km/h velocity are considered in this WI
· Specify the RF requirements for intra-band carrier aggregation (CA) scenario, and investigate and specify the RRM requirements for intra-band carrier aggregation (CA) scenario [RAN4]
· 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
· Study on reference tunnel deployment scenario for FR2 HST and specify the channel model and corresponding core requirements if any [RAN4]



The WID also lists the following performance part objectives relevant to the demodulation performance.
	· Investigate and if needed specify the demodulation performance requirements for intra-band carrier aggregation (CA) HST scenario.
· Specify the necessary demodulation performance requirements for simultaneous multi-panel reception. 
· NOTE: Focus on FR2 HST specific requirements, and avoid the overlap with the scope of FR2 multi-Rx DL reception
· Specify the other necessary RRM and demodulation performance requirements depending on the outcome of core part.



This contribution shows our initial view on UE demodulation requirements for HST enhancement in FR2.
2	Discussion
2.1	Intra-band CA for HST in FR2
In Rel-17 HST FR2 WI, RAN4 defined the PDSCH demodulation requirements for high speed train scenario up to 350km/h in FR2 up to 30GHz. In the Rel-17 WI, RAN4 studied two deployment scenarios: bi-directional deployment scenario and uni-directional deployment scenarios. Although it was not observed the significant PDSCH demodulation performance difference between two scenarios, RAN4 defined two requirements: one for the bi-directional deployment (HST-DPS-FR2-BI-B) with single active TCI state capability; another for the uni-directional deployment (HST-DPS-FR2-UNI-A) with two (or more) active TCI state capability, as shown in Table 1.
[bookmark: _Ref130910289]Table 1	Rel-17 single carrier PDSCH performance for HST-DPS in FR2 (TS38.101-4 Table 7.2.2.2.4-3)
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition
	Number of active PDSCH TCI states
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	R.PDSCH.5-12.2 TDD
	200 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-BI-B
	1
	2x2
	70
	13.9

	1-2
	R.PDSCH.5-12.1 TDD
	200 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-UNI-A
	2
	2x2
	70
	13.7



To define intra-band CA PDSCH demodulation requirements for HST in FR2, we think it is straightforward to reuse the existing single carrier requirements in Table 1. Moreover, if we assume all the configured SCells are activated during the test, we can reuse the same active TCI state switching scheduling, as we discussed in Rel-17 HST FR1 WI.
Proposal 1: Define CA PDSCH demodulation requirements for HST in FR2 based on the component carrier configuration as follows:
· FR2-1 only (Up to 30GHz according to the WID) 
· SCS: 120kHz only
· CBW: 50MHz, 100MHz, 200MHz, and 400MHz 
· TDD pattern: FR2.120-1 (DDDSU)
· Specify two sets of requirements:
· HST-DPS-FR2-BI-B with single active TCI state, FRC R.PDSCH.5-12.2 (64QAM 0.43, rank 2)
· HST-DPS-FR2-UNI-A with two active TCI states, FRC R.PDSCH.5-12.1 (64QAM 0.43, rank 2)
2.2	Simultaneous multi-panel reception
Another performance part objective of Rel-18 HST FR2 WI is to define the PDSCH demodulation requirements for simultaneous multi-Rx reception in HST scenario. For this purpose, in our understanding, UE should have at least with the following capabilities:
· High Speed Train Roof-Mounted UE (UE power class 6)
· UE supports simultaneous reception with different QCL Type D reference signal (simultaneousReceptionDiffTypeD-r16)
[bookmark: _Hlk104100152]On the other hand, RAN4 has another Rel-18 WI, called FR2 multi-Rx chain DL reception [2], where RAN4 are discussing to specify UE demodulation requirements with multi-DCI based and/or single-DCI based transmission schemes in FR2. Since the WID on HST enhancement in FR2 clearly mentions that “focus on FR2 HST specific requirements and avoid the overlap with the scope of FR2 multi-Rx DL reception”, we propose the HST FR2 WI focuses only on HST-DPS and/or HST-SFN transmission schemes, which means this WI does not specify PDSCH demodulation with single-DCI/multi-DCI based transmission schemes. 
Proposal 2: For HST FR2 simultaneous multi-Rx reception, RAN4 focus on HST-DPS/HST-SFN transmission schemes.
In Rel-17 HST FR2, RAN4 studied two deployment scenarios: uni-directional deployment and bi-directional deployment. Figure 1 and Figure 2 illustrate examples of the uni-directional deployment and bi-directional deployment, respectively. As shown in the figures, it was assumed the coverage area from TRxPs do not overlap, and therefore UE only need to activate single Rx panel. As the result of that, Rel-17 only assumed the DPS transmission scheme. 


[bookmark: _Ref130988946]Figure 1	Example of uni-directional deployment scenario with single Rx-panel reception. 


[bookmark: _Ref130988948]Figure 2	Example of bi-directional deployment scenario with single Rx-panel reception. 

For Rel-18, since RAN4 can assume UE can activate maximum two Rx panels, it is possible to assume UE can receive the signal from two directions simultaneously. The RF session has concluded that it is feasible to perform the simultaneous multi-Rx reception at least for bi-directional deployment, but still discussing the feasibility for the uni-directional deployment scenario B.
	Bi-directional deployment scenario
RAN4#105 [3]
· Bi-directional RRH deployment scenario is concluded feasible for simultaneous multi-panel operation
· Further study whether to specify RF requirement when two TRPs transmit to different coverage areas, i.e., Area-1 and Area-2.
· The concerned two AoA directions should be selected from different coverage areas, i.e., Area-1 and Area-2 respectively
RAN4#106 [4]
· it is proposed to determine how to specify RF requirements for bi-directional scenario after Multi-RX DL WI has conclusion on 2AoA spherical coverage requirement concept
Uni-directional deployment scenario
RAN4#105 [3]
· For simultaneous multi-panel operation under uni-directional deployment, scenario A can be considered as not feasible.
RAN4#106 [4]
· FFS feasibility of uni-directional scenario B.



Observation 1: RAN4 RF session has confirmed the feasibility of the bi-directional deployment scenario for simultaneous multi-Rx reception. RF session is still discussing the coverage area from two TRxP.
Observation 2: RAN4 RF session has concluded the uni-directional deployment scenario A is NOT feasible for simultaneous multi-Rx reception. However, RF session is still discussing the feasibility of the uni-directional deployment scenario B for multi-Rx simultaneous reception.

Figure 3 illustrates an example of the simultaneous multi-Rx reception scenario using the bi-directional deployment, where we assume two TRxPs have the same coverage area. This deployment scenario is like the HST-SFN Scheme A discussed in Rel-17 MIMO enhancements. Since this is Rel-18 WI, we propose to use Rel-17 HST-SFN Scheme A to specify PDSCH demodulation requirements for the simultaneous multi-Rx reception in FR2.



[bookmark: _Ref130989397]Figure 3	Example of bi-directional deployment scenario with the simultaneous multi-Rx reception assuming TRxP has the same coverage area. 

Proposal 3: For HST FR2 simultaneous multi-Rx reception, RAN4 prioritize the PDSCH demodulation requirements with HST-SFN Scheme A under the bi-directional deployment scenario, where two TRxPs have the same coverage area.
To define the UE demodulation requirements with HST-SFN Scheme A, it is important to ensure the receive time difference among TRxP should be within a CP. If we reuse the deployment scenarios in Rel-17 FR2 HST: Scenario A with Ds=700m and Dmin=10m, and Scenario B with Ds=700m and Dmin=150m, the maximum receive time difference (RTD) from TRxP is given as Figure 4, where the RTD is derived from , where  is the speed of the light. According to the calculation, the maximum RTD can be given with a=0 or a=Ds. Since the CP is 0.59us for SCS=120kHz, Ds should be less than about 180m and 290m for Dmin=10m (Scenario A) and Dmin=150m (Scenario B), respectively.
Observation 3: For HST-SFN Scheme A in FR2, Ds should be less than about 180m and 290m for Dmin=10m (Scenario A) and Dmin=150m (Scenario B), respectively, if SCS=120kHz. 

[image: ]
[bookmark: _Ref131602509]Figure 4	Maximum receive time difference from two TRxPs. 
Considering the assumed UE velocity of 350km/h, we propose to set Ds=290m and Dmin=150m to maximize the dwell time on one cell. 
Proposal 4: For HST-SFN Schema A, RAN4 use the following parameter as a starting point: 
· FR2-1 only (Up to 30GHz according to the WID) 
· Ds=290m, Dmin=150m, v=350km/h, fd=9722Hz. 
· Two TRxP has same coverage area.
· Carrier frequency: 30GHz. 
· CBW/SCS: 200MHz/120kHz
· TDD pattern: DDDSU
· MCS 13 (16QAM, 0.48), Rank 2

RAN4 may discuss later the uni-directional deployment scenario B and different coverage area case, if necessary, according to the conclusion from the RF session.
Proposal 5: RAN4 discuss later the unit-directional deployment scenario B and/or two TRxPs have different coverage area, if necessary, according to the conclusion from the RF session.

Although this WI should avoid the overlap with the scope of FR2 multi-Rx DL reception, we think RAN4 need to consider the testability issue as discussed in [5]. 
	Whether to introduce a new correlation matrix for FR2-1 in a Multi-TRP and Multi-Rx context for OTA demodulation performance requirements
· Agreement: For initial simulation purpose, MIMO correlation matrix approach considered as starting point
· Companies are encouraged to bring more analysis taking the impact of AoA offset and UE implementation of antenna panels into account
· Companies are encouraged to bring analysis for different correlation cases e.g. low, high  
Best beam pair selection for demodulation performance requirements.
· Option 1:
· Wait for RF agreement and then discuss whether to reuse the same metric to find the best beam pair for demodulation cases if feasible.
· In case the best beam pair found by reusing same metric as RF side is not feasible for demodulation test since reason such as too low testable SNR from one AoA, to achieve higher enough testable SNR from both AoAs, select the beam pair direction, which minimum EIS value is selected for the worse beam in beam pair from all candidate beam pairs.



We think this issue is also relevant for the simultaneous multi-Rx reception for HST FR2 because we assume UE receive the data signal at least from two TRxP as shown in Figure 3. 
Proposal 6: RAN4 discuss further the impact to UE demodulation performance for the simultaneous multi-Rx reception due to the AoA offset considering PC6 UE antenna panel implementation.
As we discussed in 2.1, this WI also includes to define intra-band CA scenario. However in our understanding, this WI will define CA PDSCH demodulation requirements based on Rel-17 HST-DPS scenario, but Rel-18 simultaneous multi-Rx reception is out of scope from the intra-band CA requirements. 
Proposal 7: RAN4 specifies UE demodulation requirements for FR2 HST simultaneous multi-Rx reception only for the single carrier case.
2.3	Tunnel deployment scenario
As we discussed in [6], one of the core part objectives is to study the reference tunnel deployment scenario for FR2 HST, and specify the channel model and corresponding core requirements if any. If the core part discussion agrees to specify the tunnel channel model and corresponding core requirements, RAN4 will discuss whether to define the demodulation requirements for the tunnel deployment scenario. 
Since RAN4 RRM core part is still discussing whether to define the RRM core requirements dedicated for the tunnel deployment scenario, we propose to wait for the RRM core part conclusion on the tunnel deployment scenario. 
Observation 4: RRM core part is still discussing whether to define RRM core requirements dedicated for the tunnel deployment scenario.
Proposal 8: RAN4 discuss whether to define UE demodulation requirements for the tunnel deployment scenario in FR2 if the RRM core part decide to define RRM core requirements dedicated for the tunnel deployment scenario.
3	Summary
Proposal 1: Define CA PDSCH demodulation requirements for HST in FR2 based on the component carrier configuration as follows:
· FR2-1 only (Up to 30GHz according to the WID) 
· SCS: 120kHz only
· CBW: 50MHz, 100MHz, 200MHz, and 400MHz 
· TDD pattern: FR2.120-1 (DDDSU)
· Specify two sets of requirements:
· HST-DPS-FR2-BI-B with single active TCI state, FRC R.PDSCH.5-12.2 (64QAM 0.43, rank 2)
· HST-DPS-FR2-UNI-A with two active TCI states, FRC R.PDSCH.5-12.1 (64QAM 0.43, rank 2)
Proposal 2: For HST FR2 simultaneous multi-Rx reception, RAN4 focus on HST-DPS/HST-SFN transmission schemes.
Observation 1: RAN4 RF session has confirmed the feasibility of the bi-directional deployment scenario for simultaneous multi-Rx reception. RF session is still discussing the coverage area from two TRxP.
Observation 2: RAN4 RF session has concluded the uni-directional deployment scenario A is NOT feasible for simultaneous multi-Rx reception. However, RF session is still discussing the feasibility of the uni-directional deployment scenario B for multi-Rx simultaneous reception.
Proposal 3: For HST FR2 simultaneous multi-Rx reception, RAN4 prioritize the PDSCH demodulation requirements with HST-SFN Scheme A under the bi-directional deployment scenario, where two TRxPs have the same coverage area.
Observation 3: For HST-SFN Scheme A in FR2, Ds should be less than about 180m and 290m for Dmin=10m (Scenario A) and Dmin=150m (Scenario B), respectively, if SCS=120kHz. 
Proposal 4: For HST-SFN Schema A, RAN4 use the following parameter as a starting point: 
· FR2-1 only (Up to 30GHz according to the WID) 
· Ds=290m, Dmin=150m, v=350km/h, fd=9722Hz. 
· Two TRxP has same coverage area.
· Carrier frequency: 30GHz. 
· CBW/SCS: 200MHz/120kHz
· TDD pattern: DDDSU
· MCS 13 (16QAM, 0.48), Rank 2

Proposal 5: RAN4 discuss later the unit-directional deployment scenario B and/or two TRxPs have different coverage area, if necessary, according to the conclusion from the RF session.
Proposal 6: RAN4 discuss further the impact to UE demodulation performance for the simultaneous multi-Rx reception due to the AoA offset considering PC6 UE antenna panel implementation.
Proposal 7: RAN4 specifies UE demodulation requirements for FR2 HST simultaneous multi-Rx reception only for the single carrier case.
Observation 4: RRM core part is still discussing whether to define RRM core requirements dedicated for the tunnel deployment scenario.
Proposal 8: RAN4 discuss whether to define UE demodulation requirements for the tunnel deployment scenario in FR2 if the RRM core part decide to define RRM core requirements dedicated for the tunnel deployment scenario.
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