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Background
[bookmark: _Hlk132059126]During RAN4#108b meeting, WF [1] on FR2 HST demodulation requirements was approved. In this contribution, we share our views about UE multi-Rx demodulation requirements for HST FR2.
Discussion
General for PDSCH requirement with multi-Rx reception
	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

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 3-2-2: 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)



Firstly, based on Step 1 and Step 2 in the WF, we derive the UE location and the corresponding power imbalance as following Table 2.1-1.
Table 2.1-1 UE location and the corresponding power imbalance
	Case
	RTD
	UE location (m)
	Power imbalance (dB)

	1
	(2CP) 1.2us
	148.8
	8.6

	2
	(1CP) 0.57us
	256.5
	3.9

	3
	(1.2CP) 0.7us
	234.9
	4.9

	4
	(2.5CP) 1.46us
	100.0
	10.7



Secondly, based on Step 3 in the WF, we derive the MCS pair for each case as following Table 2.1-2
Table 2.1-2 MCS pair selection
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	SNR2 in Step 3
	Delta [dB]
	Note

	5
	2
	379
	-0.2
	11.4
	Case 4

	6
	2
	449
	0.8
	10.4
	

	7
	2
	526
	1.6
	9.6
	

	8
	2
	602
	2.6
	8.6
	Case 1

	9
	2
	679
	3.4
	7.8
	

	10
	4
	340
	3.9
	7.3
	

	11
	4
	378
	4.5
	6.7
	

	12
	4
	434
	5.5
	5.7
	

	13
	4
	490
	6.3
	4.9
	Case 3

	14
	4
	553
	7.3
	3.9
	Case 2

	15
	4
	616
	8.2
	3.0
	

	16
	4
	658
	9.0
	2.2
	

	17
	6
	438
	9.7
	1.5
	

	18
	6
	466
	10.1
	1.1
	

	19
	6
	517
	11.2 (SNR1)
	0.0
	Case 1/2/3/4



Select {MCS19, MCS8} for the case 1 with 1.2us RTD. Select {MCS19, MCS14} for the case 2 with 0.57us RTD. Select {MCS19, MCS13} for the case 3 with 0.7us RTD. Select {MCS19, MCS5} for the case 4 with 1.46us RTD.
Finally, the simulation results with different MCS pairs are shown as following Figure 2.1-1 and Table 2.1-3.
[image: ]
Figure 2.1-1 Simulation results with different MCS pairs
Table 2.1-3 Simulation results with different MCS pairs
	Case
	RTD
	MCS
	SNR

	
	
	
	70% Tput for each PDSCH
	70% Tput across all PDSCH

	
	
	
	1FFT
	2FFT
	1FFT
	2FFT

	1
	(2CP) 1.2us
	{19, 8}
	{11.2, 2.6}
	{11.2, 3.2}
	{11.2, 8.6}
	{11.3, 8.7}

	2
	(1CP) 0.57us
	{19, 14}
	{11.2, 7.3}
	{11.2, 8.1}
	{11.2, 3.9}
	{11.3, 4.0}

	3
	(1.2CP) 0.7us
	{19, 13}
	{11.2, 6.3}
	{11.2, 7.7}
	{11.2, 4.9}
	{11.3, 5.0}

	4
	(2.5CP) 1.46us
	{19, 5}
	{11.2, -0.2}
	{11.2, 0.2}
	{11.2, -0.2}
	{11.3, -0.1}



We can see that all cases are feasible to achieve the maximum throughput and the performance difference is negligible for the 70% Tput across all PDSCH as the test metric for different FFT assumption.
All cases are feasible to achieve the maximum throughput and the performance difference is negligible for the 70% Tput across all PDSCH as the test metric for different FFT assumption.
There is more meaningful to consider throughput across all PDSCH rather than throughput for each PDSCH, since the user will have concern about the total throughput rather than throughput for each panel. So we propose to consider 70% Tput across all PDSCH as the test metric.
Consider 70% Tput across all PDSCH as the test metric.
Since the FFT assumption is up to UE implementation, and both FFT assumption are feasible, and also there is negligible performance difference for different FFT assumption, we propose to not specify baseline UE processing assumption for the FFT window and leave it to UE implementation for FR2 HST performance requirements definition.
Do not specify baseline UE processing assumption for the FFT window and leave it to UE implementation for FR2 HST performance requirements definition.
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



Based on previous agreements, the switching point can be  for the panel 1 and  for the panel 2 respectively. Considering  as the starting point and the 350km/h speed, the exacting slots for scheduling TCI switching command can be slot#57600n for the panel 1 and slot#57600n+16457 for the panel 2 based on the channel model. However, for the panel 2, we don’t have any resource in above slots to scheduling TCI switching command robustly. We propose to use same method as Rel-17 HST FR2 DPS to scheduling TCI state switching command using MCS4 in the slots where SSB transmitted, i.e. slot#57600n+16480 that is the closest SSB transmission slots. Then for both panels, TfirstSSB can be 132 slots that is calculated by min(SSB@slot#160n-THARQ-TMAC Proc), TfirstTRSafterSSB can be 69 slots that is calculated by min(TRS@slot#(80n+5)-TSSB).
Schedule TCI state switching command using MCS4 in the slots where SSB transmitted, i.e. slot#57600n for the panel 1 and slot#57600n+16480 for the panel 2 respectively.
For both panels, TfirstSSB can be 132 slots that is calculated by min(SSB@slot#160n-THARQ-TMAC Proc), TfirstTRSafterSSB can be 69 slots that is calculated by min(TRS@slot#(80n+5)-TSSB).
Proposals
In this contribution, we discuss on UE multi-Rx demodulation requirements for HST FR2. Our observations and proposals are:
1. Select {MCS19, MCS8} for the case 1 with 1.2us RTD. Select {MCS19, MCS14} for the case 2 with 0.57us RTD. Select {MCS19, MCS13} for the case 3 with 0.7us RTD. Select {MCS19, MCS5} for the case 4 with 1.46us RTD.
1. [bookmark: _GoBack]All cases are feasible to achieve the maximum throughput and the performance difference is negligible for the 70% Tput across all PDSCH as the test metric for different FFT assumption.
1. Consider 70% Tput across all PDSCH as the test metric.
1. Do not specify baseline UE processing assumption for the FFT window and leave it to UE implementation for FR2 HST performance requirements definition.
1. Schedule TCI state switching command using MCS4 in the slots where SSB transmitted, i.e. slot#57600n for the panel 1 and slot#57600n+16480 for the panel 2 respectively.
1. For both panels, TfirstSSB can be 132 slots that is calculated by min(SSB@slot#160n-THARQ-TMAC Proc), TfirstTRSafterSSB can be 69 slots that is calculated by min(TRS@slot#(80n+5)-TSSB).
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