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1. Introduction
In RAN4 #93, WF for NR URLLC was approved [1]. In this contribution, we provide views on BS performance requirements for URLLC.
2.	Discussion
2.1.	Previous agreement
In WF [1], some parameters for BS demodulation requirements for high reliability and low latency were agreed as follows:
	BS demodulation requirements for high reliability
· Introduce PUSCH low BLER high confidence requirement
· If feasible, define [1] test case to verify 10^-5 BLER
· Target BLER: 10^-5
· Target test confidence level: 99.999%
· Propagation conditions: Static channel
· MCS: MCS5 from MCS Table 2 for PUSCH
· Duplex mode: Both TDD and FDD
· SCS:
· TDD: 30KHz
· FFS 15kHz
· FDD: 15KHz
· FFS 30KHz
· Test method: refer to R4-1915866 (ad hoc minutes for NR URLLC test feasibility) 
· Method 1: Consider aggregation 1 or 2, but no HARQ for non-boosted SNR
· Method 2: No aggregation or HARQ for boosted SNR.
· FFS whether to use method 1 or method 2 for testing (as described below). Adjustment of the baseline parameters for the long test after simulations is not precluded.
· Other test cases will be defined with higher BLER and/or lower confidence level 
· Other parameter combinations of HARQ, aggregation, channel etc. and further requirements will be considered. 
· When further requirements are specified, it will be decided case by case whether to test them at 10^-5 BLER and CL 99.999% or other conditions
· Other test cases will include PUSCH aggregation
· FFS PUSCH aggregation level
· FFS on introduction of PUCCH demodulation performance requirements
BS demodulation requirements for low latency
· Introduce PUSCH demodulation requirements to verify the support of PUSCH mapping Type B with non-slot configured with fewer symbols than Rel-15
· FFS requirements for UL transmission with grant free/UL configured grant


2.2.	General aspects
2.2.1.	Duplex mode and SCS
In the last meeting, the following SCS were agreed:
· TDD: 30kHz SCS, FFS on 15kHz SCS
· FDD: 15kHz SCS, FFS on 30kHz SCS
Basically, for general PUSCH requirements, common requirements can be used regardless of duplex mode. For URLLC, the same principle can be used since the performance impact due to duplex mode is negligible. Therefore, the same test coverage for SCS as existing PUSCH requirements should be considered. In addition, FR2 is also considered as use cases of URLLC. At this moment, also FR2 should not be precluded. 
Proposal 1: For URLLC requirements, consider the following SCS:
· 15/30/60(FR2)/120kHz SCS
NOTE: For FR1, the same requirements are applicable to both TDD and FDD.
2.2.2.	TDD UL-DL pattern
In Rel.15 BS demodulation, it was agreed that the same requirements are applicable to any TDD UL-DL patterns. Basically, the same principle can be used for URLLC requirements. However, if performance difference among different TDD UL-DL patterns is observed, RAN4 should study how to support other TDD UL-DL patterns in specifications.
Proposal 2: For URLLC requirements, the following TDD UL-DL patterns are used as simulation assumptions:
· 15kHz SCS: 3D1S1U, S=10D:2G:2U
· 30kHz SCS: 7D1S2U, S=6D:4G:4U
· 60kHz SCS: 3D1S1U, S=10D:2G:2U
· 120kHz SCS: 3D1S1U, S=10D:2G:2U
Proposal 3: If no performance difference among different TDD UL-DL patterns is observed, the same requirements are applicable to any TDD UL-DL patterns. Otherwise, RAN4 to study how to support other TDD UL-DL patterns. 
NOTE: From our perspective, at least the following TDD UL-DL patterns need to be supported. 
· 1st priority
· 30kHz SCS: DDDSUUDDDD, S=6D:4G:4U
· 120kHz SCS: DDDSU, S=10D:2G:2U
· 2nd priority
· 30kHz SCS: DSUU, S=12D:2G
2.3. 	Non-slot based PUSCH requirement
For low latency transmission, it was agreed to introduce non-slot based PUSCH requirements with mapping type B, but concrete parameters are FFS. 
In the current specifications, PUSCH requirements with the following mapping type and number of symbols are defined:
· FR1:	PUSCH mapping type A with 14 symbol (additional DM-RS position: pos1)
PUSCH mapping type B with 14 symbol (additional DM-RS position: pos1)
· FR2:	PUSCH mapping type B with 10 symbol (additional DM-RS position: pos0 and pos1)
From latency point of view, shorter symbols are suitable. According to TS 38.211, for mapping type B, the number of symbols is configurable from L = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14} for PUSCH. 
Table 6.1.2.1-1: Valid S and L combinations (PUSCH)
	PUSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	0
	{4,…,14}
	{4,…,14}
	0
	{4,…,12}
	{4,…,12}

	Type B
	{0,…,13}
	{1,…,14}
	{1,…,14}
	{0,…, 11}
	{1,…,12}
	{1,…,12}



In addition, when additional DM-RS position is configured as “pos1”, one DM-RS symbol is allocated for up to L=4 and then two DM-RS symbols are allocated for up to L=7.  A typical assumption is that L= 2, 4, 7. 
Proposal 4: For non-slot based PUSCH, L = 2, 4, 7 should be considered.
Table 6.4.1.1.3-3: PUSCH DM-RS positions  within a slot for single-symbol DM-RS and intra-slot frequency hopping disabled.
	 in symbols
	DM-RS positions 

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	pos0
	pos1
	pos2
	pos3
	pos0
	pos1
	pos2
	pos3

	<4
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	-
	-
	-
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	, 4
	, 4
	, 4
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	, 4
	, 4
	, 4
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	, 4
	, 4
	, 4
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	, 7
	, 7
	, 7
	
	, 6
	, 3, 6
	, 3, 6

	9
	
	, 7
	, 7
	, 7
	
	, 6
	, 3, 6
	, 3, 6

	10
	
	, 9
	, 6, 9
	, 6, 9
	
	, 8
	, 4, 8
	, 3, 6, 9

	11
	
	, 9
	, 6, 9
	, 6, 9
	
	, 8
	, 4, 8
	, 3, 6, 9

	12
	
	, 9
	, 6, 9
	, 5, 8, 11
	
	, 10
	, 5, 10
	, 3, 6, 9

	13
	
	, 11
	, 7, 11
	, 5, 8, 11
	
	, 10
	, 5, 10
	, 3, 6, 9

	14
	
	, 11
	, 7, 11
	, 5, 8, 11
	
	, 10
	, 5, 10
	, 3, 6, 9



2.4.	UL configured grant (grant-free) requirement
For low latency, Rel.15 supports UL transmission without UL grant/scheduling request. 

Figure 1: Comparison of procedures between with and without UL grant
In UL configured grant transmission, UE can transmit URLLC packet when it arrives without UL grant/scheduling request, and gNB shall detect the URLLC packet blindly. In order to confirm the capability of this blind detection at gNB, it is reasonable to introduce the requirements. Otherwise, the demodulation performance for UL configured grant is not confirmed and guaranteed.
In addition, according to use cases summarized in table A.2-1, TR 38.824, some use cases require not only low latency but also high reliability simultaneously, such as factory automation, Rel-15 enabled use case (e.g. AR/VR), etc. 
Table A.2-1: Representative use cases for Rel-16 NR URLLC evaluation
	Use case
	Reliability (%)
	Latency 
	Data packet size and traffic model
	Description

	Power distribution

	99.9999
	5 ms (end to end latency)
Note: 2-3 ms air interface latency 
	DL & UL:
100 bytes 
ftp model 3 with arrival interval 100 ms
	Power distribution grid fault and outage management 
(TR 22.804:5.6.4)

	
	99.999 
	15 ms (end to end latency)
Note: 6-7 ms air interface latency
	DL & UL:
250 bytes 
Periodic and deterministic with arrival interval 0.833 ms
Random offset between UEs 
	Differential protection
(TR 22.804:5.6.6)

	Factory automation

	99.9999
	2 ms (end to end latency)
Note: 1 ms air interface latency 
	DL & UL:
32 bytes
Periodic deterministic traffic model with data arrival interval 2 ms
	Motion control

	Rel-15 enabled use case (e.g. AR/VR) 
	99.999 
	1 ms (air interface delay) for 32 bytes
1 ms and 4 ms (air interface delay) for 200 bytes 
	DL & UL:
32 and 200 bytes 
FTP model 3 or periodic with different arrival rates
	

	
	99.9
	7 ms (air interface delay)
	DL & UL:
4096 and 10 K bytes
FTP model 3 or periodic with different arrival rates
	

	Transport Industry

	99.999
	5 ms (end to end latency)
Note: 3 ms air interface latency 
	UL: 
2.5 Mpbs; Packet size 5220 bytes
DL: 
1Mbps; Packet size 2083 bytes
Note: Data arrival rate 60 packets per second for periodic traffic model
	Remote driving 
(TS 22.186: 5.5)

	
	99.999
	10 ms (end to end latency)
Note: 7ms air interface latency
	UL&DL: 
1.1 Mbps; Packet size 1370 bytes 
Note: Data arrival rate 100 packets per second for periodic traffic model
	Intelligent transport system (ITS)
(TS 23.501, TS 22.261)



As mentioned in [2], the minimum configurable periodicity for configured grant transmission is 2 ms regardless of SCS, in other word, UE can transmit UL packet every 2 symbols without uplink grant, and gNB needs to detect the UL packet blindly. In general, short periodicity has advantage from latency aspect, however when quite large transport block size (TBS) is configured, it has risk to degrade reliability. Thus, we need to consider impact to reliability when considering test configuration for configured grant tests.
Proposal 5: Introduce BS performance requirements for UL configured grant (grant-free).  
3.	Conclusion
In this contribution, we provide views on BS demodulation requirements for URLLC. The following proposals are obtained.
For SCS:
Proposal 1: For URLLC requirements, consider the following SCS:
· 15/30/60(FR2)/120kHz SCS
NOTE: For FR1, the same requirements are applicable to both TDD and FDD.
[bookmark: _GoBack]
For TDD UL-DL pattern:
Proposal 2: For URLLC requirements, the following TDD UL-DL patterns are used as simulation assumptions:
· 15kHz SCS: 3D1S1U, S=10D:2G:2U
· 30kHz SCS: 7D1S2U, S=6D:4G:4U
· 60kHz SCS: 3D1S1U, S=10D:2G:2U
· 120kHz SCS: 3D1S1U, S=10D:2G:2U
Proposal 3: If no performance difference among different TDD UL-DL patterns is observed, the same requirements are applicable to any TDD UL-DL patterns. Otherwise, RAN4 to study how to support other TDD UL-DL patterns. 
NOTE: From our perspective, at least the following TDD UL-DL patterns need to be supported. 
· 1st priority
· 30kHz SCS: DDDSUUDDDD, S=6D:4G:4U
· 120kHz SCS: DDDSU, S=10D:2G:2U
· 2nd priority
· 30kHz SCS: DSUU, S=12D:2G

For non-slot based PUSCH:
Proposal 4: For non-slot based PUSCH, L = 2, 4, 7 should be considered.

For UL configured grant:
Proposal 5: Introduce BS performance requirements for UL configured grant (grant-free).  
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