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1	Introduction
During the last RAN4 meeting, the remaining issue and test setup for performance requirements for URLLC based on Rel-15 feature were further discussed and the related agreements were captured in the WF [1] and WF [2], separately.
In this contribution, the view on the remaining issue of BS URLLC requirement are presented. Also, the simulation results are provided for requirement finalization.
2	Discussion
2.1	Requirement for Rel-16 URLLC feature
According to WID of Rel-16 URLLC WI, the agreed objective included specifying the performance requirement based on Rel-15 and Rel-16 URLLC functionalities. 
Based on the discussion in the last meeting, there is no requirement for inter-UE multiplexing. Whether to define the requirement for repetition type B will be further discussed.
PUSCH repetition type B
Compared Rel-15 PUSCH repetition A, Rel-16 has designed repetition Type B to allow PUSCH transmission instance to cross slot boundary. For PUSCH repetition type A, the PUSCH mapping type can be set to Type A or Type B, while for PUSCH repetition Type B, only PUSCH mapping type B  can be supported. The start symbol of S and the number of consecutive symbols L can be defined as follows table
Table 1. Valid S and L combinations
	PUSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	0
	{4,…,14}
	{4,…,14} (repetition Type A only)
	0
	{4,…,12}
	{4,…,12}

	Type B
	{0,…,13}
	{1,…,14}
	{1,…,14} for repetition Type A, {1,…,27} for repetition Type B
	{0,…, 11}
	{1,…,12}
	{1,…,12}



In case of PUSCH repetition type A, the number of repetition can be supported with {n1, n2, n4, n8}. While for PUSCH repetition B can be supported with {n1, n2, n4, n7, n12, n16}.

Given the start symbol, length and number of repetition, there are several scenarios for repetition type B. The field of TDRA will indicate the time domain resource for the first nominal transmission, the remaining repetition transmission will be calculated based on the resource for first nominal transmission and UL-DL pattern. If the nominal transmission cross the slot boundary or the switch point of UL to Dl, the nominal transmission will segment multi actual transmission
a) PUSCH transmissions within slot (S+L< 14) without repetition 

For this scenario, only one nominal transmission is valid, and meet the condition with S+L<14. It belongs to the basic feature for Rel-15. The related requirement for type B has been verified in Rel-15. 
Observation 1: The basic requirement for type B with one nominal transmission and meeting S+L<14 has been verified in Rel-15 
b) PUSCH transmissions within slot (S+L>14) without repetition 

For this scenario, there is only one nominal transmission, since the nominal transmission will segment two actual transmissions. There are possible scenarios as follows
· Scenario b1: length of actual transmission small than two symbols 
· Scenario b2: length of actual transmission large than one symbol




Figure1: PUSCH transmissions within slot (S+L>14) without repetition 

In case of scenario b1, as indicated in spec, this actual repetition is omitted. Since the TBS is determined by the normal transmission, only effective coding rate is impacted. 
In case of scenario b2, the two actual transmissions are valid. The number of valid OFDM symbols for PUSCH transmission, based on the RRC configuration with invalidsymbolpatttern, which provides a symbol level bitmap spanning one or two slots.
The number of DMRS and the position will be determined based on each actual transmission. Similar as scenario b1, the effective coding rate for each actual transmission is impacted, as well as the related RV version. The RV for each actual repetition is decided as 
Table 2. RV for different actual repetition
	rvid indicated by the DCI scheduling the PUSCH
	rvid to be applied to nth transmission occasion  (repetition Type A) or nth actual repetition (repetition Type B)

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	0
	0
	2
	3
	1

	2
	2
	3
	1
	0

	3
	3
	1
	0
	2

	1
	1
	0
	2
	3



Regarding the DMRS for each actual repetition, DMRS sharing is not supported between different actual repetitions in Rel-16.  Therefore, the joint DMRS channel estimation across repetition cannot be supported, which is the objective for enhancement in Rel-17 coverage enhancement WI as
	· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]




Observation 2: The symbol length and number of DMRS for each actual repetition transmission can be different for the scenario of one nominal repetition transmission and meeting S+L>14, which will impact on the effective code rate for each actual repetition transmission  
Observation 3: DMRS sharing is not supported between different actual repetition transmissions in Rel-16, joint DMRS channel estimation across repetition is one of objective for Rel-17 coverage enhancement WI.
From receiver process perspective, different RV combination shall be proceeded to decode this TB block.  Regarding to verify the different RV combination performance, RAN4 has already defined the requirement with repetition type A with different RV, we don't expect there is different behavior.

c) PUSCH transmissions within slot (S+L< 14) and with K nominal repetitions
· Scenario c1: without RRC parameter invalidsymbolpatttern configured  
· Scenario c2: with RRC parameter invalidsymbolpatttern  configured  





Figure2: PUSCH transmissions within slot (S+L< 14) and with K nominal repetitions

For this scenario, there are K nominal repetitions, the length for each nominal repetition transmission is less than 14 (S+L<14), and the K nominal repetitions transmission is done within the slot. Since the transmission is not across slot boundary, the number of actual repetition transmission depends on whether the RRC parameter invalidsymbolpatttern is configured for UE. In case of without RRC configuration as c1, the number of actual repetition transmission equals number of nominal repetition, and symbols for each actual repetition are same, which is similar as PUSCH repetition type A. From the BS receiver processing perspective, the combination of multiple repetition transmit blocks with PUSCH repetition type A and type B should be no difference, only the transmission delay can be reduced for repetition Type B. 
In case of with RRC configuration as c2, the nominal repetition will be divided into one or more actual repetition transmissions.  The RV and symbol length for each actual repetition is different, while the receiver process for different RV combination should be no different compared with repetition type A.
Observation 4: If no RCC parameter invalidsymbolpatttern configured, the number of actual repetition transmission equals number of nominal repetition, and symbols for each actual repetition are same, which is similar as PUSCH repetition type A, for K nominal repetitions, where the length for each nominal repetition transmission is less than 14 (S+L<14), and the K nominal repetitions transmission is done within the slot.

Observation 5: If RCC parameter invalidsymbolpatttern configured, the nominal repetition will be divided into one or more actual repetition transmissions.  The RV and symbol length for each actual repetition is different, where the length for each nominal repetition transmission is less than 14 (S+L<14), and the K nominal repetitions transmission is done within the slot.

d) PUSCH transmissions across slot boundary (S+L>14) with K nominal repetitions.

–	Scenario d1: without RRC parameter invalidsymbolpatttern configured  
–	Scenario d2: with RRC parameter invalidsymbolpatttern  configured


Figure3: PUSCH transmission across slot boundary with K nominal repetitions
For this scenario, there are K nominal repetitions, the length for each nominal repetition transmission is less than 14 (S+L<14), and the K nominal repetitions transmission is done across the slot. For the nominal repetition transmission is across the symbol boundary, there will be multiple actual repetition transmission segment.  Similar, the RV and symbol length for each actual repetition is different for this scenario, 
Observation 6: The nominal repetition will be divided into one or more actual repetition transmissions.  The RV and symbol length for each actual repetition is different, where the length for each nominal repetition transmission is less than 14 and (S+L>14), and the K nominal repetitions transmission is done across the slots.

Based on above analysis for different scenarios for URLLC with PUSCH repetition type B, we do not think there is different for BS receiver behavior in terms of HARQ combination for different actual repetition transmissions perspective, compared with repetition type A, which has been verified. 
Meanwhile, Rel-17 coverage enhancement WI will be further investigate the PUSCH enhancement mechanisms, such as TB processing over multi-slot and joint DMRS estimation over multiple PUSCH transmission, as well as the Rel-17 performance enhancement WI was agreed in previous RAN plenary meeting.   
Also, based our analysis, there are servals potential scenarios for PUSCH repetition type B, which requirement should be considered and whether to cover both high reliability and lower requirement in FR1 and FR2, given the limited completion time line for Rel-16 URLLC WI, we suggest to not introduce the BS demodulation requirement with PUSCH repetition type B in Rel-16 timeline. If needed, it can be further discussion in the Rel-17 performance enhancement WI or Rel-17 coverage enhancement WI.

Proposal 1: Don’t introduce the BS demodulation requirement with PUSCH repetition type B for Rel-16 URLLC WI in Rel-16 timeline. If needed, further discuss the necessity to introduce the related requirement in Rel-17 performance enhancement WI or Rel-17 coverage enhancement WI. 

3	Simulation Results
In this section, the updated simulation results are provided for alignment purpose. The related simulation assumptions are indicated in Annex.
3.1	Results for ultra-lower BLER

Table 3. Minimum requirement with ultra-lower BLER for FR1
	SCS/BW
	MCS
	[bookmark: _GoBack]Tx/Rx
	Number DMRS
	Symbol length
	Mapping type
	Channel
	Ideal SNR with BLER 10^-5
	Impairment SNR with BLER 10^-5

	15KHz
5MHz
	MCS 5 from table 3
	1T2R
	1+1 (2,11)
	14
	Type A
	AWGN
	-7.2
	-5.2

	15KHz
10MHz
	MCS 5 from table 3
	1T2R
	1+1 (2,11)
	14
	Type A
	AWGN
	-7.7
	-6.2

	30KHz
10MHz
	MCS 5 from table 3
	1T2R
	1+1 (2,11)
	14
	Type A
	AWGN
	-7.3
	-5.8

	30KHz
40MHz
	MCS 5 from table 3
	1T2R
	1+1 (2,11)
	14
	Type A
	AWGN
	-8
	-6.5

	15KHz
5MHz
	MCS 5 from table 3
	1T2R
	1+1 (0,10)
	14
	Type B
	AWGN
	-7.3
	-5.8

	15KHz
10MHz
	MCS 5 from table 3
	1T2R
	1+1 (0,10)
	14
	Type B
	AWGN
	-7.7
	-6.2

	30KHz
10MHz
	MCS 5 from table 3
	1T2R
	1+1 (0,10)
	14
	Type B
	AWGN
	-7.3
	-5.8

	30KHz
40MHz
	MCS 5 from table 3
	1T2R
	1+1 (0,10)
	14
	Type B
	AWGN
	-7.9
	-6.4



3.2	Results for higher BLER

Table 4. Minimum requirement with high reliability and high BLER for FR1 with FDD
	SCS/BW
	MCS
	Tx/Rx
	Number DMRS
	Symbol length
	Mapping type
	Channel
	Ideal SNR with  BLER 10^-2
	Impairment SNR with BLER 10^-2

	15KHz
5MHz
	MCS 5 from table 3
	1T2R
	1+1 (2,11)
	14
	Type A
	TDLB 100-400
	-11.3
	-9.3

	15KHz
5MHz
	MCS 5 from table 3
	1T2R
	1+1 (0,10)
	14
	Type B
	TDLB 100-400
	-11
	-9

	15KHz
10MHz
	MCS 5 from table 3
	1T2R
	1+1 (2,11)
	14
	Type A
	TDLB 100-400
	-11.9
	-9.9

	15KHz
10MHz
	MCS 5 from table 3
	1T2R
	1+1 (0,10)
	14
	Type B
	TDLB 100-400
	-11.8
	-9.8

	30KHz
10MHz
	MCS 5 from table 3
	1T2R
	1+1 (2,11)
	14
	Type A
	TDLB 100-400
	-12.2
	-10.2

	30KHz
10MHz
	MCS 5 from table 3
	1T2R
	1+1 (0,10)
	14
	Type B
	TDLB 100-400
	-12.1
	-10.1

	30KHz
40MHz
	MCS 5 from table 3
	1T2R
	1+1 (2,11)
	14
	Type A
	TDLB 100-400
	-13
	-11

	30KHz
40MHz
	MCS 5 from table 3
	1T2R
	1+1 (0,10)
	14
	Type B
	TDLB 100-400
	-12.9
	-10.9




Table 5. Minimum requirement with high reliability and high BLER for FR1 with TDD
	SCS/BW
	MCS
	Tx/Rx
	Number DMRS
	Symbol length
	Mapping type
	Channel
	Ideal SNR with  BLER 10^-2
	Impairment SNR with BLER 10^-2

	15KHz
5MHz
	MCS 5 from table 3
	1T2R
	1+1 (2,11)
	14
	Type A
	TDLB 100-400
	-11.2
	-9.2

	15KHz
5MHz
	MCS 5 from table 3
	1T2R
	1+1 (0,10)
	14
	Type B
	TDLB 100-400
	-10.9
	-8.9

	15KHz
10MHz
	MCS 5 from table 3
	1T2R
	1+1 (2,11)
	14
	Type A
	TDLB 100-400
	-11.8
	-9.8

	15KHz
10MHz
	MCS 5 from table 3
	1T2R
	1+1 (0,10)
	14
	Type B
	TDLB 100-400
	-11.7
	-9.7

	30KHz
10MHz
	MCS 5 from table 3
	1T2R
	1+1 (2,11)
	14
	Type A
	TDLB 100-400
	-12.1
	-10.1

	30KHz
10MHz
	MCS 5 from table 3
	1T2R
	1+1 (0,10)
	14
	Type B
	TDLB 100-400
	-12
	-10

	30KHz
40MHz
	MCS 5 from table 3
	1T2R
	1+1 (2,11)
	14
	Type A
	TDLB 100-400
	-12.9
	-10.9

	30KHz
40MHz
	MCS 5 from table 3
	1T2R
	1+1 (0,10)
	14
	Type B
	TDLB 100-400
	-12.8
	-10.8



Table 6. Minimum requirement with high reliability and high BLER for FR2
	SCS/BW
	MCS
	Tx/Rx
	Number DMRS
	Symbol length
	Mapping type
	Channel
	Ideal SNR with  BLER 10^-2
	Impairment SNR with BLER 10^-2

	60 KHz,
50 MHz
	MCS 5 from table 3
	1T2R
	1+1 (0,8)
	10
	Type B
	TDLA 30-300
	-13.3
	-11.3

	60KHz
100MHz
	MCS 5 from table 3
	1T2R
	1+1 (0,8)
	10
	Type B
	TDLA 30-300
	-14.2
	-12.2

	120KHz
50MHz
	MCS 5 from table 3
	1T2R
	1+1 (0,8)
	10
	Type B
	TDLA 30-300
	-12.4
	-10.4

	120KHz
100MHz
	MCS 5 from table 3
	1T2R
	1+1 (0,8)
	10
	Type B
	TDLA 30-300
	-13.3
	-11.3




3.3	Results for low latency

Table 7. Minimum requirement with low latency for FR1
	SCS/BW
	MCS
	Tx/Rx
	Number DMRS
	Symbol length
	Mapping type
	Channel
	Ideal SNR with 70% TP
	Impairment SNR with 70% TP

	15KHz
5MHz
	MCS 10 from table 3
	1T2R
	1(0)
	2
	Type B
	TDLC 300-100
	-1.26
	0.74

	15KHz
10MHz
	MCS 10 from table 3
	1T2R
	1(0)
	2
	Type B
	TDLC 300-100
	-1.71
	0.29

	30KHz
10MHz
	MCS 10 from table 3
	1T2R
	1(0)
	2
	Type B
	TDLC 300-100
	-1.27
	0.73

	30KHz
40MHz
	MCS 10 from table 3
	1T2R
	1(0)
	2
	Type B
	TDLC 300-100
	-1.68
	0.32




Table 8. Minimum requirement with low latency for FR2
	SCS/BW
	MCS
	Tx/Rx
	Number DMRS
	Symbol length
	Mapping type
	Channel
	Ideal SNR with 70% TP
	Impairment SNR with 70% TP

	60KHz
50MHz
	MCS 5 from table 3
	1T2R
	1(0)
	4
	Type B
	TDLA30-300
	-6.4
	-4.4

	60KHz
100MHz
	MCS 5 from table 3
	1T2R
	1(0)
	4
	Type B
	TDLA30-300
	-6.7
	-4.7

	120KHz
50MHz
	MCS 5 from table 3
	1T2R
	1(0)
	4
	Type B
	TDLA30-300
	-6.0
	-4.0

	120KHz
100MHz
	MCS 5 from table 3
	1T2R
	1(0)
	4
	Type B
	TDLA30-300
	-6.8
	-4.8




4 Conclusion
In this contribution, the view on the remaining issue of BS URLLC requirement are presented. Meanwhile, the initial simulation results are provided to facilitate the requirement alignment.
Observation 1: The basic requirement for type B with one nominal transmission and S+L<14 has been verified in Rel-15 
Observation 2: The symbol length and number of DMRS for each actual repetition transmission can be different for the scenario of one nominal repetition transmission and S+L>14, which will impact on the effective code rate for each actual repetition transmission  
Observation 3: DMRS sharing is not supported between different actual repetition transmissions in Rel-16, joint DMRS channel estimation across repetition is one of objective for Rel-17 coverage enhancement WI.
Observation 4: If no RCC parameter invalidsymbolpatttern configured, the number of actual repetition transmission equals number of nominal repetition, and symbols for each actual repetition are same, which is similar as PUSCH repetition type A, for K nominal repetitions, where the length for each nominal repetition transmission is less than 14 (S+L<14), and the K nominal repetitions transmission is done within the slot.
Observation 5: If RCC parameter invalidsymbolpatttern configured, the nominal repetition will be divided into one or more actual repetition transmissions.  The RV and symbol length for each actual repetition is different, where the length for each nominal repetition transmission is less than 14 (S+L<14), and the K nominal repetitions transmission is done within the slot.
Observation 6: The nominal repetition will be divided into one or more actual repetition transmissions.  The RV and symbol length for each actual repetition is different, where the length for each nominal repetition transmission is less than 14 and (S+L>14), and the K nominal repetitions transmission is done across the slots.
Proposal 1: Don’t introduce the BS demodulation requirement with PUSCH repetition type B for Rel-16 URLLC WI in Rel-16 timeline. If needed, further discuss the necessity to introduce the related requirement in Rel-17 performance enhancement WI or Rel-17 coverage enhancement WI. 
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