Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk145316842]3GPP TSG-RAN WG4 Meeting #109	R4-2319742
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Chicago, IL, USA, 13 – 17 November 2023

Agenda Item:	8.12.3.3
Source:	Ericsson
Title:	UE demodulation requirements for FR2 HST multi-Rx reception
Document for:	Discussion
1	Introduction
RAN4#108bis agreed with the WF on the UE demodulation requirements for Rel-18 FR2 HST [1]. This contribution shows our simulation results and discusses the remaining open issues on the simultaneous multi-Rx reception scenario.
2	Discussion
2.1	Performance impacts due to received timer and power differences
RAN4#108bis discussed the receiver assumption for FR2 HST multi-Rx simultaneous reception scenario and agreed to set the received time difference (RTD) between signals from two TRPs. However RAN4 did not agree with the exact RTD value and there are many options.
	Issue 3-1-0: Test requirement to be defined
· 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 
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)
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	(a) Absolute RTD and received power difference
	(b) CDF of absolute RTD (with regard to CP (0.59us)).


[bookmark: _Ref149072186]Figure 1	Absolute RTD and received power difference for FR2 HST Scenario B-2.

Figure 1 (a) shows the absolute RTD according and corresponding received power difference according to the UE location for FR2 HST Scenario B-2. Figure 1 (b) shows the CDF of absolute RTD in Figure 1 for UE location from 0m to 700m. The figure shows RTD < 1.0 x CP for 54% of the test time, in other words, RTD > 1.0 x CP for 46% of the test time. 
Observation 1: For FR2 HST deployment scenario B, RTD > 1.0 x CP for 46% of the test time. 

[bookmark: _Ref149072417]Table 1	Relation among UE location, RTD, and receiver power difference. 
	
	RTD
	UE location
	Received power difference
	CDF

	Option 1
	1.2 x CP
	333m
	4.9dB
	0.62

	Option 2
	0.57 x CP
	47m
	1.2dB
	0.30

	Option 3a
	0.7 x CP
	382m
	2.8dB
	0.38

	Option 3b
	2.5 x CP
	200m
	10.6dB
	1.00

	
	1.4 x CP
	313m
	5.8dB
	0.70

	
	1.8 x CP
	272m
	7.6dB
	0.80

	
	2.2 x CP
	230m
	9.4dB
	0.90



Table 1 summarizes the relation between RTD and corresponding received power difference. For example, RTD is 1.2 x CP at UE location of 333m, and the received power difference is 4.9dB at this location. Moreover, RTD is 1.2 x CP or less for 62% of the test time. For reference, we show the RTD for 70%-ile, 80%-ile, and 90%-ile of the test time.
2.2	Evaluation results
This section shows our simulation results for multi-Rx simultaneous reception scenario according to the parameters in Table 2 and simulation assumption [2]. 
[bookmark: _Ref141711308]Table 2	PDSCH simulation parameters
	Parameters
	TRP#1
	TRP#2

	Carrier frequency 
	30 GHz

	SCS/CBW
	120kHz / 200MHz

	TDD Pattern
	DDDSU, S=10D2G2U
Schedule PDSCH in special slots

	Antenna configuration
	2x2
	2x2

	TRS periodicity
	10 ms (80 slots)
	10 ms (80 slots)

	Number of active TCI States
	1
	1

	Number of additional DMRS 
	2
	2

	rank 
	2
	2

	MCS index (MCS table 1)
	19
	Option 1: 11
Option 2: 13

	RTD (us) from TRP#1
	N/A
	Option 1: 1.2 x CP
Option 2: 0.57 x CP
Option 3a: 0.7 x CP
2.5 x CP
1.4 x CP
1.8 x CP
2.2 x CP



[bookmark: _Ref140048325][image: ][image: ]
	(a) MCS19 for TRP#1, MCS11 for TRP#2
	(b) MCS19 for TRP#1, MCS13 for TRP#2


[bookmark: _Ref149072406]Figure 2	Simultaneous multi-Rx panel reception simulation results with 2+2 (per Rx panel).

[bookmark: _Ref149148886]Table 3	Summary of HST simulation results with RTD
	RTD
	Power difference 
	MCS11 (SNR diff from TRP#1)
	MCS13 (SNR diff from TRP#1)

	0
(Separate processing)
	0dB
	4.4dB (6.7dB)
	6.2dB (4.9dB)

	1.2 x CP
	4.9dB
	6.2dB (4.9dB)
	8.0dB (3.1dB)

	0.57 x CP
	1.2dB
	4.5dB (6.6dB)
	6.3dB (4.8dB)

	0.7 x CP
	2.8dB
	4.6dB (6.5dB)
	6.4dB (4.7dB)

	2.5 x CP
	10.6dB
	Not achieve the peak rate
	Not achieve the peak rate

	1.4 x CP
	5.8dB
	8.3dB (2.8dB)
	9.5dB (1.6dB)

	1.8 x CP
2.2 x CP
	7.6dB
9.4dB
	Not achieve the peak rate
	Not achieve the peak rate

	Note 1: 	SNR to achieve 70% of pear rate for TRP1 is 11.1dB 



Figure 2 shows our ideal simulation results for TRP#2 with MCS11/MCS13 and different RTD options assuming the single FFT to process the signals from both TRP#1 and TRP#2 at the same time. For reference, we also show the simulation result for MCS19 from TRP#2. Table 3 summarizes the simulation results with regard to SNR to achieve 70% of the peak rate. Note the RTD=0 corresponds to the results with the separate FFT processing per TRP.
Firstly, it is observed the peak rate is not reached for TRP#2 with RTD > 1.8 x CP with the single FFT processing. We have observed the significant performance degradation for RTD = 1.4 x CP compared with the separate FFT processing. From the simulation results, MCS11 with RTD = 1.2 x CP is most aligned with Scenario B because the SNR difference between TRP#1 and TRP#2 if we consider the single FFT processing. 
Observation 2: With single FFT assumption, performance degradation with RTD = 0.7 x CP or RTD = 0.57 x CP is negligible.
Observation 3: With single FFT assumption, performance degradation with RTD = 1.2 x CP is about 2dB for both MCS11 and MCS13, compared with separate FFT assumption. 
Observation 4: With single FFT assumption, the peak rake is not reached with RTD = 2.5 x CP. 
2.3	UE demodulation requirements
As we discussed in RAN4#108bis, in this WI, RAN4 is going to define PDSCH demodulation requirements for UE supporting at least the following capabilities: 
· UE Power Class 6 (PC6)
· simultaneousReceptionFR2HST-r18
· maxNumberActiveTCI-PerBWP > 1 
· multiDCI-MultiTRP-r16
· overlapPDSCHsFullyFreqTime-r16
According to the UE capability assumption, the demodulation requirements use the mDCI-based full-overlapping transmission with two TRPs, where each TRP can schedule different PDSCH codeword independently. This means it is possible to measure PDSCH throughput per TRP, and it is suitable especially for power imbalanced testing. We therefore propose to define UE demodulation requirements for FR2 HST simultaneous multi-Rx reception for each TRP.
Proposal 1: Define PDSCH demodulation requirements for FR2 HST simultaneous muti-Rx reception case as the SNR to achieve 70% of the maximum throughput for each TRP.
Regarding the requirements, considering the CDF of RTD shown in Figure 1 (b), we prefer to set RTD = 1.2 x CP or more because it covers about 60% of the test time with Scenario B.
Proposal 2: Configure RTD = 1.2 x CP (~0.7us) or more between TRP#1 and TRP#2 for PDSCH demodulation requirements for FR2 HST simultaneous muti-Rx reception case. 
Regarding the final demodulation requirements, RAN4 is still discussing the receiver assumption: single FFT across Rx chains or separate FFT per Rx chain. According to our simulation results shown in Table 3, it is observed the performance degradation for the single FFT assumption with RTD = 1.2 x CP is about 2dB compared with the separate FFT assumption. We don’t think it is negligible to define the RAN4 demodulation requirements. From the deployment scenario and RRM agreements, we believe UE supporting FR2 HST simultaneous multi-Rx reception should be capable of separate FFT processing per TRP. Therefore we prefer to set the demodulation requirements based on the assumption of separate FFT processing. 
Proposal 3: Define PDSCH demodulation requirements for FR2 HST simultaneous muti-Rx reception case with the assumption UE is capable of the separate FFT processing per TRP.
According to our simulation results in Table 3, MCS13 is suitable for TRP#2 because the SNR difference between TRP#1 and TRP#2 becomes 4.9dB, and this is aligned with RTD = 1.2 x CP.
Proposal 4: Configure MCS19 for TRP#1 and MCS13 for TRP#2.
If companies have strong preference to keep the single FFT processing option, one possible option is to define two requirements: one is based on the separate FFT processing, and another is based on the single FFT processing. Like the FR2 Multi-Rx chain DL reception WI, since gNB configuration does not change regardless of single or separate FFT processing, RAN4 may assume to introduce new UE feature for FR2 HST multi-Rx reception if necessary.
3	Summary
Observation 1: For FR2 HST deployment scenario B, RTD > 1.0 x CP for 46% of the test time. 
Observation 2: With single FFT assumption, performance degradation with RTD = 0.7 x CP or RTD = 0.57 x CP is negligible.
Observation 3: With single FFT assumption, performance degradation with RTD = 1.2 x CP is about 2dB for both MCS11 and MCS13, compared with separate FFT assumption. 
Observation 4: With single FFT assumption, the peak rake is not reached with RTD = 2.5 x CP. 
Proposal 1: Define PDSCH demodulation requirements for FR2 HST simultaneous muti-Rx reception case as the SNR to achieve 70% of the maximum throughput for each TRP.
Proposal 2: Configure RTD = 1.2 x CP (~0.7us) or more between TRP#1 and TRP#2 for PDSCH demodulation requirements for FR2 HST simultaneous muti-Rx reception case. 
Proposal 3: Define PDSCH demodulation requirements for FR2 HST simultaneous muti-Rx reception case with the assumption UE is capable of the separate FFT processing per TRP.
Proposal 4: Configure MCS19 for TRP#1 and MCS13 for TRP#2.
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Appendix: Channel model used for FR2 HST multi-Rx simultaneous reception
	Panel 1
	



	Panel 2
	







	Parameters
	Description
	Scenario B-2

	Ds
	Inter-RRH distance
	700 m

	Dmin
	Distance between rail track and RRH
	150 m

	v
	Train velocity
	350 km/h

	fd
	Maximum Doppler frequency shift
	9722 Hz

	fc
	Carrier frequency
	30 GHz

	Drx_panel
	Distance between two UE Rx panels
	0 m

	Ds_offset
	Switching transmission point between adjacent RRHs
	100 m




3

image2.emf
0 0.5 1 1.5 2 2.5

Absolute RTD (CP)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F


image3.emf
0 2 4 6 8 10 12 14

SNR (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

R

e

l

a

t

i

v

e

 

t

h

r

o

u

g

h

p

u

t

PDSCH 2Tx Rank 2

MCS11 RTD=0

MCS11 RTD=1.2CP

MCS11 RTD=0.57CP

MCS11 RTD=0.7CP

MCS11 RTD=2.5CP

MCS11 RTD=1.4CP

MCS19


image4.emf
0 2 4 6 8 10 12 14

SNR (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

R

e

l

a

t

i

v

e

 

t

h

r

o

u

g

h

p

u

t

PDSCH 2Tx Rank 2

MCS13 RTD=0

MCS13 RTD=1.2CP

MCS13 RTD=0.57CP

MCS13 RTD=0.7CP

MCS13 RTD=2.5CP

MCS13 RTD=1.4CP

MCS19


image5.emf
TRxP TRxP#0 TRxP#1 TRxP#2

D

min

D

s

D

s_offset

a

Starting point 

(a=0)

P2

P1

D

s_offset

vt


Microsoft_Visio_Drawing.vsdx
TRxP
TRxP#0
TRxP#1
TRxP#2
Dmin
Ds
Ds_offset
a
Starting point (a=0)
P2
P1
Ds_offset
vt



image1.emf
0 500 1000 1500

UE location (m)

0

1

2

3

A

b

s

o

l

u

t

e

 

R

T

D

 

(

C

P

)

Ds=700m, Dmin=150m, v=350km/h, Doffset=100m

0 500 1000 1500

UE location (m)

0

5

10

A

b

s

o

l

u

t

e

 

p

o

w

e

r

 

d

i

f

f

e

r

e

n

c

e

 

(

d

B

)


