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[bookmark: _Toc116995841]Introduction
In RAN4#107, UE Demodulation PDSCH requirements with multi-Rx chain DL reception was one of the Agenda Item (AI) of HST FR2 Enhanced Demodulation discussions. The way forward (WF) is documented in [1], in which the relevant Issues related to HST FR2 with multi-Rx are summarized below:
	Issue 3-1-1: UE processing assumption for the FFT window
Way Forward
· Proposals
· Option 1: RAN4 shall consider that the CPE will have independent FFT per panel
· Option 2:
· Do not specify baseline UE processing assumption for the FFT window and leave it to UE implementation for FR2 HST performance requirements definition. In case large span is observed, additional margin should be added.
· Option3
· Independent FFT window for each panel for the scenario the reception time difference between different TRPs is larger than one CP.

Issue 3-2-2: Transmission schemes
Agreement:
· FFS on sDCI schemes

Issue 3-2-4: Test applicability rule of PDSCH with mDCI and sDCI if introduced both
Way forward:
· FFS whether to introduce FR2 HST Demodulation tests for simultaneous reception with sDCI, and related applicability rule to skip sDCI testing if the device supports mDCI

Issue 3-2-5: Simulation Assumption for initial simulation purpose  
Way forward: 
· Carrier frequency: 30GHz. 
· CBW/SCS: 200MHz/120kHz
· TDD pattern: FR2.120-1 (DDDSU)
· MCS: MCS 17 with Rank 2 as baseline
· Number of Active PDSCH TCI states: 2
· Other parameters such as number of HARQ process, K1 values can be reused from Rel-17 FR2 HST
· Rank and Layer combination as a starting point for evaluation 
· Case 1: 1+1 as layer combination with fully over lapping
· Case 2: 2+2 as layer combination with fully over lapping
· Companies are encouraged to provide simulation results in the next meeting 





[bookmark: _Toc116995842]Discussion
In this paper, we will provide our views on the remaining open Issues from the WF summarized above.
Consideration on CPE’s FFT 
The first open issue is about the FFT window assumption as below:
	Issue 3-1-1: UE processing assumption for the FFT window
Way Forward
· Proposals
· Option 1: RAN4 shall consider that the CPE will have independent FFT per panel
· Option 2:
· Do not specify baseline UE processing assumption for the FFT window and leave it to UE implementation for FR2 HST performance requirements definition. In case large span is observed, additional margin should be added.
· Option3
· Independent FFT window for each panel for the scenario the reception time difference between different TRPs is larger than one CP.



Option 1 and option 3 are basically proposing independent FFT per panel, but option 3 adds another assumption on the reception time difference between the TRPs to be higher than one CP. Option 2 on the other hand prefers to have no assumption on the FFT window and to compensate any large span due to UE implementation by adding some margin. Having the most probable UE (CPE) implementation as an assumption will allow RAN4 to specify the requirements more precisely, hence, reducing the possibility of adding unnecessary margin which will make the requirements to be too loose.
[bookmark: _Toc142688361]As CPE will be more advanced than regular UE devices, it is expected that it could afford more advanced technologies, including having independent FFT per panel and the ability to process larger range of maximum reception time difference, from less than half CP to more than one CP.
[bookmark: _Toc142688362]The already agreed scheme for HST FR2 with multi-RX is mDCI, which is not bounded to have less than half CP (or one CP) requirements, i.e., it is more flexible than sDCI in terms of the reception time difference between TRPs.
[bookmark: _Toc142688363]Adding additional margin to accommodate less probable implementation will make the requirements too loose.
[bookmark: _Toc142688364]RAN4 shall consider independent FFT per panel.
[bookmark: _Toc142688365]RAN4 shall consider maximum reception time difference to be larger than one CP for the requirements, which is considered as a more challenging scenario in the demodulation process (than less-than-one-CP).
[bookmark: _Toc142688366]RAN4 should consider defining requirements by (as far as possible) avoiding additional margin for offsetting different implementations, because such an additional margin will make the requirements to be too loose.
Transmission Scheme
The next issue is about the transmission schemes, which is to consider sDCI, as given below:
	Issue 3-2-2: Transmission schemes
Agreement:
· FFS on sDCI schemes


In [3], we have provided our views on the considered transmission schemes for HST FR2 with simultaneous multi-panel reception, in which we propose to focus on mDCI and discuss the feasibility of sDCI. With the assumptions already agreed in RAN4#106bis-e [2] that there is no inter-TRP interference and the time difference between the TRP can be more than one CP, it is expected that mDCI will be more suitable than sDCI. Using sDCI, it is needed to have more stringent time difference between the TRPs, as the data layers transmitted by the two TRPs are coming from the same codewords (transport block). On the other hand, mDCI gives more flexibility in the processing of the data layers from the two TRPs, as they are coming from two different codewords (transport blocks) and, hence, can be processed independently. Furthermore, as in HST FR2 the train is moving towards one direction, it can be expected that the received signals from the two TRPs will be different, in which the extreme difference will be at the point where the train is very close to one TRP and far from the other TRP. In such typical power imbalance scenarios, mDCI will allow the TRPs to transmit with two different MCSs, and hence, the data layers are not bounded by the lowest MCS. On the other hand, sDCI will be limited to the lowest MCS as the data layers transmitted by the two TRPs are coming from the same codeword.
[bookmark: _Toc135081720][bookmark: _Toc135081717][bookmark: _Toc142688367]It is assumed that there is no inter-TRP interference and the time difference between TRPs can be more than CP.
[bookmark: _Toc142688368]In HST FR2, the train is moving, which will cause power imbalance between the received signals from the TRPs.
[bookmark: _Toc135081718][bookmark: _Toc142688369]mDCI allows to have two different MCSs transmitted from the two TRPs.
[bookmark: _Toc135081719][bookmark: _Toc142688370]sDCI is bounded by the lowest MCS and requires more stringent time difference requirements than mDCI.
[bookmark: _Toc135081721][bookmark: _Toc142688371][bookmark: _Hlk134888098]RAN4 to only consider mDCI in defining the PDSCH requirements for HST FR2 with multi-Rx chain DL reception. 
Applicability Rule
The next issue is about the test applicability rules for mDCI and sDCI if both is introduced, as given below:
	Issue 3-2-4: Test applicability rule of PDSCH with mDCI and sDCI if introduced both
Way forward:
· FFS whether to introduce FR2 HST Demodulation tests for simultaneous reception with sDCI, and related applicability rule to skip sDCI testing if the device supports mDCI



As our previous observations and proposals for Issue 3-2-3 above, mDCI is more suitable for HST FR2 than sDCI due to the given the assumption that there is no inter-TRP interference and the receive time difference between two TRPS can be larger than one CP. Furthermore, the fact that there is power imbalance at the RXs due to the movement of the train makes mDCI becoming the better option for HST FR2.
[bookmark: _Toc135081722][bookmark: _Toc142688372]RAN4 do not need to consider test applicability rule to accommodate sDCI. 
Simulation Assumption
The next issue is about the simulation assumption as given below:
	Issue 3-2-5: Simulation Assumption for initial simulation purpose  
Way forward: 
· Carrier frequency: 30GHz. 
· CBW/SCS: 200MHz/120kHz
· TDD pattern: FR2.120-1 (DDDSU)
· MCS: MCS 17 with Rank 2 as baseline
· Number of Active PDSCH TCI states: 2
· Other parameters such as number of HARQ process, K1 values can be reused from Rel-17 FR2 HST
· Rank and Layer combination as a starting point for evaluation 
· Case 1: 1+1 as layer combination with fully over lapping
· Case 2: 2+2 as layer combination with fully over lapping
· Companies are encouraged to provide simulation results in the next meeting 



The above given simulation parameters can already be used to run preliminary simulation. Nonetheless, given the fact that in HST FR2 the location of the RRHs and their relative distances to the train track are fixed, and as the train is moving to one direction and served by bidirectional scheme, the received powers at the RXs can be predicted from the power profile. Since the received powers at the RXs will be imbalanced, hence, having a single MCS for the requirements can be considered as suboptimum and not well suited with the real deployment of HST FR2 with multi-RX and mDCI.
[bookmark: _Toc142688373]As the received powers at the two RXs in HST FR2 are imbalanced and mDCI allows the two RRHs to transmit with different MCSs, RAN4 shall consider having (at least) a pair of MCSs at a certain time instant t (one MCS for each link) in defining the requirements instead of only having a single MCS for both RXs. 
[bookmark: _Toc142688374]To enable a better measurements coverage, RAN4 shall consider 2-3 pairs of MCSs (correspond to 2-3 different positions of the train at 2-3 different time instants) for the two RXs in defining the requirements for HST FR2 with multi-RX and mDCI.
[bookmark: _Ref142259288][bookmark: _Toc142688375]The values of the pairs of MCSs can be deduced from the power profile of HST FR2 with multi-RX and bidirectional scheme. 
[bookmark: _Ref142259319][bookmark: _Toc142688376]RAN4 to discuss the pairs of MCSs for simulation that will finally be used to define the requirements of HST FR2 bidirectional scheme with multi-RX and mDCI.
We note here, there are still some works to do and to be agreed in RAN4 before running proper simulation for defining the requirements. For example, the power imbalance from the two links which will lead to two different MCSs could be deduced from the power profiles, and the power profiles for HST FR2 multi-RX itself is still in a discussion phase in RAN4. Hence, it is too early to run proper simulation on HST FR2 with multi-RX, which can be used for defining the final requirements. Nonetheless, we still run our simulation with the given assumptions as in the WF to enable further discussions with other companies. The simulation results provided by the companies at this stage of HST FR2 with multi-RX discussions might be premature and may not be used for defining the requirements; although it can still be useful as references in the discussions to find better simulation setups and assumptions for the next meetings. Our simulation results with the above given simulation assumptions are documented in [4].
[bookmark: _Toc116995848]Conclusion
In this paper, we provide our views and responses to the remaining open issues in HST FR2 PDSCH requirements with multi-RX. Our Observations and Proposals are summarized as follows:
Observation 1: As CPE will be more advanced than regular UE devices, it is expected that it could afford more advanced technologies, including having independent FFT per panel and the ability to process larger range of maximum reception time difference, from less than half CP to more than one CP.
Observation 2: The already agreed scheme for HST FR2 with multi-RX is mDCI, which is not bounded to have less than half CP (or one CP) requirements, i.e., it is more flexible than sDCI in terms of the reception time difference between TRPs.
Observation 3: Adding additional margin to accommodate less probable implementation will make the requirements too loose.
Proposal 1: RAN4 shall consider independent FFT per panel.
Proposal 2: RAN4 shall consider maximum reception time difference to be larger than one CP for the requirements, which is considered as a more challenging scenario in the demodulation process (than less-than-one-CP).
Proposal 3: RAN4 should consider defining requirements by (as far as possible) avoiding additional margin for offsetting different implementations, because such an additional margin will make the requirements to be too loose.
Observation 4: It is assumed that there is no inter-TRP interference and the time difference between TRPs can be more than CP.
Observation 5: In HST FR2, the train is moving, which will cause power imbalance between the received signals from the TRPs.
Observation 6: mDCI allows to have two different MCSs transmitted from the two TRPs.
Observation 7: sDCI is bounded by the lowest MCS and requires more stringent time difference requirements than mDCI.
Proposal 4: RAN4 to only consider mDCI in defining the PDSCH requirements for HST FR2 with multi-Rx chain DL reception.
Proposal 5: RAN4 do not need to consider test applicability rule to accommodate sDCI.
Proposal 6: As the received powers at the two RXs in HST FR2 are imbalanced and mDCI allows the two RRHs to transmit with different MCSs, RAN4 shall consider having (at least) a pair of MCSs at a certain time instant t (one MCS for each link) in defining the requirements instead of only having a single MCS for both RXs.
Proposal 7: To enable a better measurements coverage, RAN4 shall consider 2-3 pairs of MCSs (correspond to 2-3 different positions of the train at 2-3 different time instants) for the two RXs in defining the requirements for HST FR2 with multi-RX and mDCI.
Observation 8: The values of the pairs of MCSs can be deduced from the power profile of HST FR2 with multi-RX and bidirectional scheme.
Proposal 8: RAN4 to discuss the pairs of MCSs for simulation that will finally be used to define the requirements of HST FR2 bidirectional scheme with multi-RX and mDCI.
[bookmark: _Toc116995849]
References
[1] [bookmark: _Ref114500673][bookmark: _Ref141261550][bookmark: _Ref134872624]R4-2309825, WF for FR2 HST demodulation requirements, Samsung, RAN4#107, Incheon, South Korea, May 22 - 26, 2023. 
[2] [bookmark: _Ref134872532]R4-2305990, Topic summary for [106-bis-e][321] NR_HST_FR2_enh_Demod, Samsung, RAN4 #106bis-e, Electronic Meeting, April 17-26, 2023. 
[3] R4-2304458, HST FR2 Enhanced UE Demodulation Requirements, Nokia, Nokia Shanghai-Bell, RAN4 #106bis-e, Electronic Meeting, April 17-26, 2023.
[4] [bookmark: _Ref142259266]R4-2312797, Simulation Results on HST FR2 Enhanced with Multi-Rx Chain DL Reception, Nokia, Nokia Shanghai Bell, RAN4 #108, Toulouse, France, August 21 – 25, 2023. 
