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Introduction
In RAN4 #96e meeting WF on PDSCH demodulation requirements for Single-DCI based multi-TRP SDM Tx scheme and Multi-DCI based multi-TRP Tx scheme was agreed [1]. Simulation assumptions for these scenarios were mainly finalized except PDSCH scheduling in TDD special slots and in slots which carries TRS Tx. 
In this paper we provide our views on remaining simulation assumptions and discuss particular number of test cases that need to be defined. Also, simulation results to define corresponding demodulation requirements are provided.
Discussion
Number of test cases
[bookmark: _Hlk47382972]Previous meeting the following agreement was made: 
	· Number of test cases for single-DCI/multi-DCI
· Test 1b Single- DCI with positive time offset and overlapping scheduling.
· Test 2a Multi- DCI with frequency offset and negative time offset and non-overlapping scheduling.
· FFS on Test 1a Single-DCI with frequency offset and negative time offset and overlapping scheduling.
· Applicability rule:
· Option 1 (If Test 1a will be defined):
· If UE only supports single-DCI based multi-TRP transmission for eMBB, it should be tested with test case 1a and test case 1b
· If UE can support both single-DCI and multi-DCI for eMBB, it should be tested test 2a and test 1b


As we see the remaining open issue is necessity of requirement definition for single-DCI based scenario with negative time offset (TO) and frequency offset (FO) in addition to already agreed scenario with positive TO.
Based on system level analysis obtained for typical NR deployments both positive and negative TO values may appear in multi-TRP Tx scenarios depending on UE synchronization strategy[2]. Considering that RAN4 agreed to define requirements in receiver agnostic manner it is essential to have requirements with both positive and negative TOs.
Same time from receiver perspective, it is unlikely that UE adopts different compensation algorithm to mitigate negative and positive TO. Therefore, we can assume that single solution will be used. It means that if UE will pass test case with positive TO, we can guarantee that it can also pass test case with negative TO and vice versa. In this case to reduce test and simulation efforts one test case with positive or negative TO value is enough to test implementation of time offset compensation in multi-TRP Tx scenarios.
Observation #1: It is enough to define one test case with positive or negative time offset to ensure proper implementation of time offset compensation.
However, based on the already agreed options (test cases 1b and 2a), if UE supports only single-DCI based scheme it will not be tested on frequency offset compensation in multi-TRP Tx scenarios. Conventional single TRP Tx test cases also cannot guarantee proper frequency offset compensation for overlapped multi-TRP Tx scenario. Based on results submitted form companies last meeting it was observed that proper frequency offset correction on UE side is required to provide reliable performance in single-DCI based multi-TRP Tx scenarios. Therefore, it is important to have ability to test UE under frequency non-synchronous conditions if UE supports only single-DCI based multi-TRP Tx scheme. 
In this case we suggest defining test case 1a. To reduce test efforts the proposed applicability rule that if UE supports multi-DCI based scheme it can be tested only under test case 2a and test case 1b.
Proposal 1:	Define requirements for single-DCI multi-TRP Tx with negative TO and frequency offset (test case 1a) with following applicability rule: 
· If UE only supports single-DCI based multi-TRP transmission for eMBB, it should be tested with test cases 1a and 1b
· If UE can support both single-DCI and multi-DCI for eMBB, it should be tested with test cases 2a and 1b
If found to be needed, test case 1a can be ignored considering that there is no difference for positive and negative TO in terms of receive processing. In this case it will be reasonable to redefine test case 2a to consider positive TO instead of negative. Applicability rule in this case should be also redefined. 
PDSCH scheduling 
In special slots for TDD
Due to a smaller number of available DL DMRS symbols in TDD special slots comparing to normal slots, potentially demodulation performance may degrade. To analyse it in Figure 1 we present link-level performance for options when performance of special slot is taken into in accumulated PDSCH statistic and not taken. Comparison was done for 2x2 antenna configuration without HARQ functionality.
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	Figure 1. Impact of PDSCH scheduling in TDD special slots


Observation #2: There is a no difference in terms of provided demodulation performance when PDSCH data is scheduled in TDD special slot and not. 
Proposal 2:	Schedule PDSCH data in TDD special slots in single-DCI multi-TRP SDM test cases. 

In slots with TRS Tx
In DL slots which carries TRS transmission we have two options on PDSCH scheduling: Option 1 – schedule PDSCH data; Option 2 – do not schedule PDSCH data. 
It was mentioned that demodulation performance potentially may degrade with Option 1. To analyse it, in Figure 2 we provide link-level performance for both options in terms of normalized throughput. For evaluations FDD configuration with 2x2 antenna assumption was considered. To have fair comparison the HARQ functionality was disabled.
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	Figure 2. Impact of PDSCH scheduling in DL slots which carries TRS


Observation #3: There is a negligible performance difference when we schedule PDSCH data in DL slots which carries TRS Tx and not schedule. 
Considering negligible performance difference between Option 1 and Option 2 we do not see necessity to go with option 2 and suggest using conventional PDSCH scheduling approach. 
Proposal 3:	Schedule PDSCH data in DL slots which carries TRS Tx in single-DCI multi-TRP SDM test cases. 
Simulation results
In this section we provide simulation results for test cases 1a and 1b with agreed simulation assumptions. In addition, results for scenario with positive TO and frequency offset are also provided. The summary can be found in Tables 1, 2 and 3.
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	Figure 3. Demodulation performance of single-DCI based Multi-TRP SDM Tx scheme with positive TO (1b)
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	Figure 4. Demodulation performance of single-DCI based Multi-TRP SDM Tx scheme with negative TO and frequency offset (1a)
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	Figure 5. Demodulation performance of single-DCI based Multi-TRP SDM Tx scheme with positive TO and frequency offset 



Table 1. Demodulation performance at 70% @max achievable throughput for 1b test case
	Test case
	Duplex
	Antenna configuration
	Ideal results, dB
	Impairment results, dB

	1b Test
	FDD
	2x2
	13.5
	16

	
	
	2x4
	6.3
	8.8

	
	TDD
	2x2
	13.4
	15.9

	
	
	2x4
	6
	8.5







Table 2. Demodulation performance at 70% @max achievable throughput for 1a test case
	Test case
	Duplex
	Antenna configuration
	Ideal results
	Impairment results

	1a Test
	FDD
	2x2
	12.8
	15.3

	
	
	2x4
	5.9
	8.4

	
	TDD
	2x2
	13.2
	15.7

	
	
	2x4
	5.9
	8.4



Table 3. Demodulation performance at 70% @max achievable throughput for test case with positive TO and frequency offset
	Test case
	Duplex
	Antenna configuration
	Ideal results
	Impairment results

	1c Test
	FDD
	2x2
	13.5
	16

	
	
	2x4
	6.3
	8.8

	
	TDD
	2x2
	13.5
	16

	
	
	2x4
	6.1
	8.6



Conclusion
In this paper we have provided our views and simulation results for single-DCI based SDM multi-TRP Tx scenario and made the following proposals:
Proposal 1:	Define requirements for single-DCI multi-TRP Tx with negative TO and frequency offset (test case 1a) with following applicability rule: 
· If UE only supports single-DCI based multi-TRP transmission for eMBB, it should be tested with test cases 1a and 1b
· If UE can support both single-DCI and multi-DCI for eMBB, it should be tested with test cases 2a and 1b. 
Proposal 2:	Schedule PDSCH data in TDD special slots in single-DCI multi-TRP SDM test cases. 
Proposal 3:	Schedule PDSCH data in DL slots which carries TRS Tx in single-DCI multi-TRP SDM test cases. 
References
[1] [bookmark: _Ref32487249]R4-2012662 “WF for general and PDSCH requirements with Single-DCI SDM scheme and Multi-DCI transmission”, Huawei, RAN4#96e, August 2020.
[2] R4-2009738 “Views on UE demodulation requirements for NR eMIMO”, Intel, RAN4#96e, August 2020.



3/4
image1.png
Normolized throughput

0.9

08

07

06

05

04

03

02

01

mTRP Single-DCI SDM; MCS 17; TDD 2x2;

yaun

— 1us 300Hz; With Special slot
—-0.25us OHz With Special slot
= = =1us 300Hz; Without Special slot
~-0.25us OHz Without Special slot

mTRP Single-DCI srxJ; MCS 17; TDD 2x2;

g

Normolized hroughput
&

084 | —— tus 300tz With Special siot
o | ——-0.25us OHz With Specia siot
“lus 300HZ Without Special sot
o= - - --0.25us OHzWithout Special siot
5 15
SNR,dB  °*
o8
] 18 E) E 2 E]





image2.png
Normolized throughput
o o o o o o ©
S 2 8§ 8 28 8 8 o

°
S

01

0 5 10 15

mTRP Single-DCI SDM; MCS 17; FDD 2x2;

—2us 200Hz; Option 1
=——-0.5us OHz Option 1
= = =2us 200Hz Option 2
-0.5us OHz Option 2

3

SNR,dB °*
o,

mTRP Single-DCI SDM; MCS 17; FOD 2x2;

[——2us 2001z Option 1
——0.50s OHz Option 1
~2us 200Hz Option 2

~-05us OHz Option 2

£ ® E)

E] E) El





image3.emf
0 5 10 15 20 25

SNR, dB

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

N

o

r

m

o

l

i

z

e

d

 

t

h

r

o

u

g

h

p

u

t

mTRP Single-DCI SDM; MCS 17; FDD;

2x2 2us 0Hz

2x4 2us 0Hz

70% @max Thr


image4.emf
0 5 10 15 20 25

SNR, dB

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

N

o

r

m

o

l

i

z

e

d

 

t

h

r

o

u

g

h

p

u

t

mTRP Single-DCI SDM; MCS 17; TDD;

2x2 1us 0Hz

2x4 1us 0Hz

70% @max Thr


image5.emf
0 5 10 15 20 25

SNR, dB

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

N

o

r

m

o

l

i

z

e

d

 

t

h

r

o

u

g

h

p

u

t

mTRP Single-DCI SDM; MCS 17; FDD;

2x2 -0.5us 200Hz

2x4 -0.5us 200Hz

70% @max Thr


image6.emf
0 5 10 15 20 25

SNR, dB

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

N

o

r

m

o

l

i

z

e

d

 

t

h

r

o

u

g

h

p

u

t

mTRP Single-DCI SDM; MCS 17; TDD;

2x2 -0.25us 300Hz

2x4 -0.25us 300Hz

70% @max Thr


image7.emf
0 5 10 15 20 25

SNR, dB

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

N

o

r

m

o

l

i

z

e

d

 

t

h

r

o

u

g

h

p

u

t

mTRP Single-DCI SDM; MCS 17; FDD;

2x2 2us 200Hz

2x4 2us 200Hz

70% @max Thr


image8.emf
0 5 10 15 20 25

SNR, dB

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

N

o

r

m

o

l

i

z

e

d

 

t

h

r

o

u

g

h

p

u

t

mTRP Single-DCI SDM; MCS 17; TDD;

2x2 1us 300Hz

2x4 1us 300Hz

70% @max Thr


