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Background
[bookmark: _Hlk132059126]During RAN4#109 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
Test setup for PDSCH requirement with multi-Rx reception
	Agreement:
· Do not specify baseline UE processing assumption for the FFT window and leave it to UE implementation for FR2 HST performance requirements definition.
· RTD introduced
· 1.5xCP
· MCS pairs
· Option1: MCS 13
· Option2: MCS 11
· Test metric
· 70% Tput for each PDSCH
· Companies are encouraged to provide both ideal and impairments results for MCS pairs (MCS 19, MCS 13) and (MCS 19, MCS 11) based on RTD=1.5xCP in the RAN4#110 meeting, and make the down selection for specifying requirement in the next meeting  



From our understanding, MCS should be selected based on RTD and corresponding power imbalance, otherwise the requirements would not be practical and meaningful. Firstly, we derive the UE location and the corresponding power imbalance based on RTD=1.5xCP, as following Table 2.1-1.
Table 2.1-1 UE location and corresponding expected power imbalance
	RTD
	UE location (m)
	Expected power imbalance (dB)

	(1.5CP) 0.88us
	204.6
	6.2



Secondly, we derive the real power imbalance based on the candidate MCS pairs, as following Table 2.1-2
Table 2.1-2 MCS pair selection and corresponding real power imbalance
	MCS pair
	Real power imbalance [dB]

	{19, 11}
	6.7

	{19, 13}
	4.9



As per evaluation results, to make RTD and MCS pair match, MCS pair {19, 11} should be selected based on RTD=1.5xCP.
MCS pair {19, 11} should be selected based on RTD=1.5xCP.
PDSCH allocation timeline in the UE Demod Test
	WF
· Option 1
· The overview period after receiving MAC CE activate TCI switching for each panel from the through statistic can be reused
· THARQ+TMAC Proc+TfirstSSB + TSSB proc +TfirstTRSafterSSB+ TTRS pro
· Scheduling TCI switching command can be slot#57600n for the right panel and slot#57600n+12800for the left panel, 
· THARQ  = 4 (slots),  TMAC Proc = 24 (slots),  TSSB proc=16slots, and TTRS pro =16 (slots)
· TfirstSSB =132 (slots), 
· TfirstTRSafterSSB =69 (slots)



· Option 2 
· 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).
· Option 3:  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
· Option 4 
· RAN4 to consider the PDSCH/PDCCH scheduling timeline proposed above for agreement for FR2 HST multi-RX;

	· PDCCH and PDSCH associated with TCI # (TBD, left-facing RRH panels) is transmitted from slot # 
· 0, 							k = 0;
· (k - 1)*n1 + 1 + THARQ + TMAC proc + Tfirst TRS Left + TTRS proc, 	k = 1,2,3,…;
to slot# 
· k * n1 + 1 + THARQ + TMAC proc, 				k = 0,1,2,3…;
PDCCH and PDSCH are DTXed in other slots in which throughput statistics are not considered.
· PDCCH and PDSCH associated with TCI # (TBD, right-facing RRH panels) is transmitted from slot # 
· 0, 								k = -1;
· k * n1 + n2 + 1 + THARQ + TMAC proc + Tfirst TRS Right + TTRS proc, 		k = 0, 2,3,…;
to slot# 
· (k + 1) * n1 + n2 + 1 + THARQ + TMAC proc, 				k = -1, 0,1,2,3…;
	     PDCCH and PDSCH are DTXed in other slots in which throughput statistics are not considered.
The values in the proposed allocation above are:
· 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;
For Left-facing panels:
· n1 = 57600 is the number of slots between two TCI switches according to the agreed geometry for scenario B-1;
· Tfirst TRS Left = 51 is the number of slots to first TRS transmission occasion for Left-facing RRH panels after MAC-CE command is decoded by the UE;
For Right-facing panels:
· n2 = 16457 is the number of slots transmitted in 2*Ds_offset according to the agreed geometry for scenario B-1;
-	Tfirst TRS Right = 74 is the number of slots to first TRS transmission occasion for Right-facing RRH panels after MAC-CE command is decoded by the UE;






For the PDSCH allocation timeline in the UE Demod Test, the existing formula in Rel-17 for the TCI switching time can be reused, i.e. THARQ+TMAC Proc+TfirstSSB + TSSB proc +TfirstTRSafterSSB+ TTRS proc. 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 switching slots for scheduling TCI switching command can be slot#57600n for the panel 1 (right-panel) and slot#57600n+16457 for the panel 2 (left-panel) based on the channel model. However, there isn’t 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-160 for the panel 1 and slot#57600n+16320 for the panel 2 respectively that is the closest previous SSB transmission slots to the exacting switching points. Then for both panels, THARQ can be 4 slots based on specific “DDDSU” TDD pattern, TMAC Proc can be 24 slots that is corresponding to 3ms, TfirstSSB can be 132 slots that is calculated by min(SSB@slot#160n-THARQ-TMAC Proc), TSSB proc can be 16 slots that is corresponding to 2ms, TfirstTRSafterSSB can be 69 slots that is calculated by min(TRS@slot#(80n+5)-TSSB), TTRS proc can be 16 slots that is corresponding to 2ms.
The existing formula in Rel-17 for the TCI switching time can be reused, i.e. THARQ+TMAC Proc+TfirstSSB + TSSB proc +TfirstTRSafterSSB+ TTRS proc.
Schedule TCI state switching command using MCS4 in the slots where SSB transmitted, i.e. slot#57600n-160 for the panel 1 and slot#57600n+16320 for the panel 2 respectively that is the closest SSB transmission slots before the exacting switching points.
For both panels, TMAC Proc can be 24 slots that is corresponding to 3ms, TfirstSSB can be 132 slots that is calculated by min(SSB@slot#160n-THARQ-TMAC Proc), TSSB proc can be 16 slots that is corresponding to 2ms, TfirstTRSafterSSB can be 69 slots that is calculated by min(TRS@slot#(80n+5)-TSSB), TTRS proc can be 16 slots that is corresponding to 2ms.
Feature list
	WF
· Companies can further check in the next meeting
[image: ]



From our understanding, the demodulation part of above signaling is not useful since that the BS will do nothing when the BS is informed such signaling in the real network. Also the demodulation requirements for third bullet is used to verify the performance of UE supporting the first and second features. Therefore, we propose to remove the third bullet of the components in feature list 34-1.
Remove the third bullet of the components for demodulation in feature list 34-1.
Simulations
The simulation results with different MCS pairs are shown as following Table 3-1.
Table 3-1 Simulation results with different MCS pairs
	Case
	RTD
	MCS
	SNR

	1
	(1.5CP) 0.88us
	{19, 11}
	{12.2, 7.0}

	2
	(1.5CP) 0.88us
	{19, 13}
	{12.2, 9.2}



Proposals
In this contribution, we discuss on UE multi-Rx demodulation requirements for HST FR2. Our observations and proposals are:
1. MCS pair {19, 11} should be selected based on RTD=1.5xCP.
The existing formula in Rel-17 for the TCI switching time can be reused, i.e. THARQ+TMAC Proc+TfirstSSB + TSSB proc +TfirstTRSafterSSB+ TTRS proc.
Schedule TCI state switching command using MCS4 in the slots where SSB transmitted, i.e. slot#57600n-160 for the panel 1 and slot#57600n+16320 for the panel 2 respectively that is the closest SSB transmission slots before the exacting switching points.
For both panels, TMAC Proc can be 24 slots that is corresponding to 3ms, TfirstSSB can be 132 slots that is calculated by min(SSB@slot#160n-THARQ-TMAC Proc), TSSB proc can be 16 slots that is corresponding to 2ms, TfirstTRSafterSSB can be 69 slots that is calculated by min(TRS@slot#(80n+5)-TSSB), TTRS proc can be 16 slots that is corresponding to 2ms.
Remove the third bullet of the components for demodulation in feature list 34-1.
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Inde x  Feature  group  Components    Prerequi site  feature  groups  Need for  the gNB to  know if the  feature is  supported  Applicable  to  the  capability  signalling  exchange  between  UEs (V2X  WI only)”.  Consequence if the  feature is not  supported by the UE  Type   (the ‘type’ definition  from UE features  should be based on  the gran ularity of 1)  Per UE or 2) Per  Band or 3) Per BC  or 4) Per FS or 5)  Per FSPC)  Need of  FDD/TDD  differentiatio n  Need of  FR1/FR2  differentiatio n  Capability  interpretation  for mixture of  FDD/TDD  and/or  FR1/FR2  Note  Mandatory/Optiona l  

34 - 1  Support of  NR FR2  HST with  simultaneou s DL  reception  with [two  different  QCL TypeD  RSs]    [1) Support of enhanced RF requirement  to support FR2 - 1 PC6 UEs with  simultaneous DL reception with two  different QCL TypeD RSs]   2) Support of enhanced RRM  requirement   to support FR2 - 1 PC6 UEs  with simultaneous DL reception with  [two different QCL TypeD RSs]    [3) Support of enhanced demodulation  processing to support FR2 - 1 PC6 UEs  with simultaneous DL reception with two  different QCL TypeD RSs]  22 - 1, [ 16 - 2c]  Yes   N/A  UE   does not support  FR2 high speed train  scenario with  simultaneous DL  reception with [two  different QCL TypeD  RSs]  Per  UE  N/A  FR2 only  N/A  FFS how to  give the  condition  of bi - directional  deployment  Optional with  capability   signaling  
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