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[bookmark: _Toc116995841]Introduction
In RAN4#108bis, HST FR2 UE Demodulation PDSCH requirements with multi-Rx chain DL reception was discussed and the way forward (WF) is documented in [1]. The relevant issues related to HST FR2 with multi-Rx, which are going to be discussed here, are summarized below:
	Issue 3-1-0: Test requirement to be defined
Issue 3-1-1: UE processing assumption for the FFT window
Issue 3-1-2: Necessity to introduce RTD into channel model for CPE FFT processing test
Issue 3-2-1: Number of MCS for PDSCH requirement for multi-Rx reception 
Issue 3-2-4: PDSCH allocation timeline in the UE Demod Test




[bookmark: _Toc116995842]Discussion
In the following, we provide our views on the issues from the WF summarized above.
Test Requirements
The related issue on test requirements is as below:
	Issue 3-1-0: Test requirement to be defined
Way forward:
·   Test cases to be introduced
· Option 1: one case with RTD larger than CP
· Option 2: two cases based on UE declaration on supported baseband processing with RTD larger than CP or not
· Case 1: RTD = 1.0 CP 
· Case 2: RTD larger than CP



As CPE is an advanced UE which is providing both backhaul connection to the gNB as well as access link to the UEs in the train, it is expected that it can deal with larger range of RTD, from below half-CP to multiple of CPs. This is also captured in RRM agreements in bigCR [2], which stated that the PC6 UE shall be capable of handling a maximum receive timing difference of 8 µs. 
[bookmark: _Toc149938932]RRM has agreed to consider maximum RTD of 8 µs. 
[bookmark: _Toc149938933]For test requirements, RAN4 to consider RTD larger than CP.
Consideration on CPE’s FFT and RTD
The following open issues are about the FFT and RTD assumptions:
	[bookmark: _Hlk149814398]Issue 3-1-1: UE processing assumption for the FFT window
[bookmark: _Hlk149814200]Issue 3-1-2: Necessity to introduce RTD into channel model for CPE FFT processing test
Issue 3-2-1: Number of MCS for PDSCH requirement for multi-Rx reception 
Issue 3-2-2: Number of SNR for PDSCH requirement for multi-Rx reception 
Way forward:
· Introduce RTD in the FR2 HST PDSCH requirement between the different RX panels. Discuss RTD value based on evaluation.
· Note RTD: Timing offset of TRP2 from TRP1 
· Define one fixed MCS value per each Panel for PDSCH requirement with multi-Rx reception with fixed FRC
· Encourage companies to evaluate the performance difference under assumption on FFT (single FFT across Rx chains, and separate FFT per RF chain) with the following test setup and test metric, make a decision in RAN4#109 meeting 
· RTD for evaluation with the following priority order 
· Option 1: (2CP) 1.2 us 
· Option 2: (1 CP): 0.57us
· Option 3a (1.2CP): 0.7us and Option 3b: (2.5CP) 1.5us 
· MCS
· Set MCS 19 for TRP1 and Set MCS Y for TRP2 for FR2 HST simultaneous multi-Rx scenario.
· Candidate MCS Y = {MCS 11, MCS 13}
· Other feasible MCS are not precluded.
· Expected power imbalance value and RTD value according to the deployment model (depending on UE Location) can be considered to derive suitable MCS pair (MCS 19, MCS Y). For example
· Step 1: Derive the UE location based on given RTD value;
· Step 2: Derive the expected power imbalance value x dB based on the UE location
· Step 3: Run simulation to find SNR pair (SNR1, SNR2) for MCS pair (MCS 19, MCS Y) derived based on test metric 70% of TP for each PDSCH.
· Choose the highest MCS Y according to the following condition:
· SNR1(MCS19) – SNR2(MCS Y) =< x dB
· To be decided whether SNR based on averaged submitted simulation results or individual SNR values reported.  
· Test metric for SNR derivation
· Option 1: 70% Tput for each PDSCH as baseline.
· Option 2: 70% Tput across all PDSCH
· Step 1: Run simulation to find one SNR = y dB so that SNR pair {y dB, y-x dB} derived based on MCS pair (MCS 19, MCS Y) is fulfilled the following test metric
· (Tput1 from TRP1 (MCS19) + Tput2 from TRP2 (MCS Y)) > 70% * (Tput1_max from TRP1 + Tput2_max from TRP2)




As stated above, the four issues, namely, Issue 3-1-1, Issue 3-1-2, Issue 3-2-1 and Issue 3-2-2, are considered as one relevant topic which resulting in one WF. We note here that with the current agreement that RAN4 will define requirements for mDCI with independent processing under the assumption of no inter-TRP interference, the performance difference between independent FFT per Rx chain and single FFT across both Rx chains might be defined mostly by the reception time difference from the TRPs seen at the Rx chains. 
[bookmark: _Toc149938934]If RTD is going to be introduced in the requirements, RAN4 to consider the maximum possible RTD value based on the current HST FR2 system model and channel model agreed in RAN4.
[bookmark: _Toc149938935]RAN4 has already agreed that HST FR2 will have requirements on a pair of MCSs, one MCS per panel.
[bookmark: _Toc149938936]On how the 70% total throughput being calculated is not yet agreed.
[bookmark: _Toc149938937]As RAN4 has already agreed to have only mDCI with independent processing without inter-TRP interference, the throughput should be based on 70% throughput of each receive panel, and not the 70% of the summation of the throughputs from both panels.  
There is also an open issue on defining the MCS pair based on the power imbalance. In Appendix, for reference, we provide figures on power difference and RTD, which can be used to find the power imbalance value (x dB). The figures are based on different scenarios by considering PL only and both PL and beamforming (BF) gain. 
Concerning the impact of RTD to the performance of HST FR2 with multi-RX, we provide our simulation results in [3]. In our simulation, as we are only considering independent FFT for HST FR2 with multi-RX, we only run simulation for the case of independent FFT per panel with different RTD values and different power difference for two different MCS pairs.
[bookmark: _Toc149938938]The introduction of fixed values of RTD and power difference into the simulation is causing the worst link to require a higher SNR the higher the RTD and the corresponding power difference.
[bookmark: _Toc149938939]With independent FFT, for MCS pair (19,11) the SNR difference between RTD of 1 CP (with power difference of 4 dB) and RTD of 2 CP (with power difference of 8.8 dB) for the lowest MCS, i.e., MCS 11, is about 4.8 dB. 
[bookmark: _Toc149938940]Single FFT may suffer higher performance loss compared to independent FFT when the RTD and the power imbalance is sufficiently high.
[bookmark: _Toc149938941]RAN4 to consider independent FFT in defining the requirements for HST FR2 multi-RX.
We would like also to note here that having a fixed pair of MCS with fixed RTD and fixed power difference in the requirements while considering dynamic frequency offset might not be a proper model for HST FR2 with multi-RX. More on our observations and proposals on this issue can be found in [4].
PDSCH Allocation Timeline
The next issue is about PDSCH Allocation Timeline:
	Issue 3-2-4: PDSCH allocation timeline in the UE Demod Test
Agreement
· The overview period after receiving MAC CE activate TCI switching for each panel from the through statistic is specified as 
· THARQ+TMAC Proc+[TfirstSSB + TSSB proc +TfirstTRSafterSSB]+ TTRS pro
· THARQ = 4 is the number of slots between PDSCH and corresponding HARQ-ACK;
· TMAC proc = 24 is the number of slots to process MAC-CE;
· TTRS proc = 16 is the number of slots for TRS processing;
· FFS on 
· TfirstSSB
· TfirstTRSafterSSB




Concerning PDSCH time allocation, the parameters in Rel-17 HST can be reused. This issue of PDSCH time allocation has not been treated and discussed in the previous meeting (RAN4#108bis). If there are proposals to change the parameters, dedicated discussion needs to take place during RAN4#109 to discuss this issue. 
[bookmark: _Toc149938942] Rel-18 HST FR2 with multi-RX consider mDCI with independent processing per link.
[bookmark: _Toc149938943] Rel-17 HST FR2 DPS parameters can be reused.
[bookmark: _Toc149938944] It is needed to first align the understanding on the parameters for PDSCH allocation timeline in Rel-18 HST FR2 with multi-RX before deciding to change the parameters currently used in Rel-17 HST.
[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: RRM has agreed to consider maximum RTD of 8 µs.
Proposal 1: For test requirements, RAN4 to consider RTD larger than CP.
Proposal 2: If RTD is going to be introduced in the requirements, RAN4 to consider the maximum possible RTD value based on the current HST FR2 system model and channel model agreed in RAN4.
Observation 2: RAN4 has already agreed that HST FR2 will have requirements on a pair of MCSs, one MCS per panel.
Observation 3: On how the 70% total throughput being calculated is not yet agreed.
Proposal 3: As RAN4 has already agreed to have only mDCI with independent processing without inter-TRP interference, the throughput should be based on 70% throughput of each receive panel, and not the 70% of the summation of the throughputs from both panels.
Observation 4: The introduction of fixed values of RTD and power difference into the simulation is causing the worst link to require a higher SNR the higher the RTD and the corresponding power difference.
Observation 5: With independent FFT, for MCS pair (19,11) the SNR difference between RTD of 1 CP (with power difference of 4 dB) and RTD of 2 CP (with power difference of 8.8 dB) for the lowest MCS, i.e., MCS 11, is about 4.8 dB.
Observation 6: Single FFT may suffer higher performance loss compared to independent FFT when the RTD and the power imbalance is sufficiently high.
Proposal 4: RAN4 to consider independent FFT in defining the requirements for HST FR2 multi-RX.
Observation 7: Rel-18 HST FR2 with multi-RX consider mDCI with independent processing per link.
Observation 8: Rel-17 HST FR2 DPS parameters can be reused.
Proposal 5: It is needed to first align the understanding on the parameters for PDSCH allocation timeline in Rel-18 HST FR2 with multi-RX before deciding to change the parameters currently used in Rel-17 HST.
[bookmark: _Toc116995849]
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Appendix
In the following, we provide several figures for references on power differences and RTD based on several channel power profile with and without beamforming gain.
[image: ]
Figure 1. Power Difference and RTD for Scenario B – 2TX beam with beamforming
[image: ]
Figure 2. Power Difference and RTD Scenario B - 1 TX beam with beamforming and beam directed in the Middle
[image: ]
Figure 3 Power Difference and RTD with only PL

[image: ]
Figure 4 Power Difference and RTD with only PL and without consideration on Ds_offset
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Figure 5. Power Difference and RTD in Tunnel
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