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[bookmark: _Ref349588338]1. Introduction
In RAN1#92Bis meeting, 
Based on above agreements, this contribution mainly discussed remaining issues to support blind/HARQ-less PDSCH repetition for URLLC. 
[bookmark: _Ref465413974]2. Latency and reliability performance of PUSCH with sTTI
Necessity of support repetition for PUSCH
Based on the evaluation results for PUSCH in [2]-[5], it seems like with Q values equal to 2.5dB, the 10-5 reliability requirement with 32 bytes can be achieved without repetition for PUSCH for TDL-A and TDL-E. In one evaluation result [3], there is a <2dB gap for TDL-C with 3 OS sTTI without repetition.  With 2 OS sTTI with one repetition, the performance can be achieved with TDL-C with MCS 3. However, in another evaluation reuslt [5], for TDL-C, for both of the cases that transmission with 3OS sTTI and MCS 1, or 2OS sTTI with MCS 0 can meet the reliability requirement.  
Observation #1: Most of the evaluation results show that the reliability requirement can be achieved without repetition for PUSCH. All the evaluation results show that the requirement can be achieved with 2 repetitions (one initial transmission and one repetition) for PUSCH.   
Latency with 2 repetitions for SPS
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Based on the evaluation assumption for latency in [6], for UL SPS the latency can be calculated as in Table 1. For one shot case, the maximum waiting time for UL SPS is 1 (s)TTI and the total uplink latency in RAN is 3.5*(s)TTI. Even with two repetitions (one initial transmission and one repetition), the maximum waiting time will be 2 *(s)TTI, and the total latency is 5.5*(s)TTI. It still can meet the latency requirement. Compared with start from any (s)TTI  case, there is only one (s)TTI latency saving.   
Observation #2: with 2 repetition and start from the beginning of each (s)TTI bundling (the first (s)TTI of every 2 (s)TTIs), 1ms latency and 10-5 reliability requirement with 32 bytes can be met.   
[bookmark: _Ref510623289]Table 1 Latency of UL SPS
	 
	Description
	One shot
	With 2 repetitions start from beginning of (s)TTI bundling
	With 2 repetitions start from any (s)TTI

	1
	Max. waiting time for UL SPS 
	1* (s)TTI
	2* (s)TTI
	1* (s)TTI

	2
	Transmission of UL data
	1* (s)TTI
	2* (s)TTI
	2* (s)TTI

	3
	Data decoding and processing in eNodeB
	1.5 * (s)TTI
	1.5 * (s)TTI
	1.5 * (s)TTI

	TOTAL
	Uplink latency in RAN
	3.5 * (s)TTI
	5.5 * (s)TTI
	4.5 * (s)TTI




3. UL SPS with K repetition
There are three options for UL SPS with K repetition during online/offline discussion:
· Option 1: K repetitions, where K<= the SPS periodicity P. The transmission starts at the beginning of the P window. RV sequence is configurable.
· Option 2: P=1, K repetitions are guaranteed and the starting point of the transmission window can be in any (s)TTI. 
· Option 3: K <= P, the initial transmission of a TB can start at any of the transmission occasions of the K repetitions and stops at the transmission occasion boundary (i.e. K repetitions are not guaranteed)

Option 1 is the simplest solution, with K=P can provide the smallest latency. As analyzed in previous section, K =P =1 or 2 can meet the requirement of IMT-2020. The specification impact is very small considering the scheme is similar as UL SPS for eMTC with repetition. For example, HARQ process ID could be determined by transmission window (i.e. given by the periodicity).  In addition, the impact on eNB receiver complexity is expected to be small. 

Observation #3: Option 1 can meet latency and reliability requirement. It has minimal impact on specification impact and it has less impact on eNB receiver.

Option 2 allows UE to start at any (s)TTI within the transmission occasion and stop after K repetitions. HARQ-ID determination may have some ambiguity.  In offline discussion, one solution is determined HARQ process ID as a function of the first of K transmission and UL DMRS carry the starting point within the transmission window. However, eNB is required to do more than once DMRS detection to determine the starting position. And this also requires more buffer to store the data before successfully decoded the PUSCH. Even for brute force mechanism, eNB needs to have a ability to try four hypothesis, which means, this requires four times decoding time. As listed in Table 1, the eNB processing time is 1.5*(s)TTI, if eNB needs to try 2 or 4 hypothesis, eNB processing either increases or requires more powerful hardware. Compared with max 2 or 4 (s)TTI latency, the latency gain is limited. On the other hand, the DMRS detection performance may also needs to be re-evaluated.  

Observation #4: Option 2 is expected to increase eNB complexity/buffer. 
 
Observation #5: The latency benefit compared with Option 1 is not clear if considering more hypotheses. 


Option 3 is the same as NR configured granted based UL transmission, which allows UE to start at any (s)TTI within the transmission occasion and stop at the boundary of the transmission occasion. K repetitions cannot be always guaranteed. The latency of waiting time can be reduced. However, if reliability is important, Option 3 cannot help much. If can live with less than K repetition, compared with option 1 with a smaller K, the latency gain is not much. On the other hand, this increases eNB blindly detection of DMRS and eNB complexity. 

Observation #6: Option 3 will increase eNB complexity and the latency or reliability gain compared with option 1 is not much. 

Based on the above analysis, we propose to option 1:

Proposal: The initial transmission of a TB is started at the beginning of each (s)TTI bundling(i.e., the first (s)TTI of every K (s)TTI). The periodicity P can be configured equal or larger than repetition K.  

4. Conclusions
In this contribution, the necessity of support repetition for PUSCH and potential configuration of UL SPS are discussed. 
We made several observations:
Observation #1: Most of the evaluation results show that the reliability requirement can be achieved without repetition for PUSCH. All the evaluation results show that the requirement can be achieved with 2 repetitions (one initial transmission and one repetition) for PUSCH.   
Observation #2: with 2 repetition and start from the beginning of each (s)TTI bundling (the first (s)TTI of every 2 (s)TTIs), 1ms latency and 10-5 reliability requirement with 32 bytes can be met.   
Observation #3: Option 1 can meet latency and reliability requirement. It has minimal impact on specification impact and it has less impact on eNB receiver.

Observation #4: Option 2 is expected to increase eNB complexity/buffer. 
 
Observation #5: The latency benefit compared with Option 1 is not clear if considering more hypotheses. 

Observation #6: Option 3 will increase eNB complexity and the latency or reliability gain compared with option 1 is not much. 

Based on the discussion, we proposed:
Proposal: The initial transmission of a TB is started at the beginning of each (s)TTI bundling(i.e., the first (s)TTI of every K (s)TTI). The periodicity P can be configured equal or larger than repetition K.  
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Appendix
Simulation assumption
Table 2 Simulation assumption of LLS for PUSCH
	Modulation and coding rate
	IMCS={0,3} (see 3GPP TS 36.213, table 7.1.7.1-1 and table 8.6.1-1)
The use of other MCSs is not precluded

	Packet size
	32 bytes at Layer 2 PDU as a baseline for the 1 ms latency bound
32 and 100 bytes at Layer 2 PDU as a baseline for the 10 ms latency bound

	UE TX antenna configuration
	1TX port as baseline

	BS antenna configuration
	2 Rx ports as base line
Other values (i.e., up to 256) are not precluded

	Channel Model
	TDL-C and TDL-E for Macro deployment scenario
TDL for indoor hotspot deployment scenario

	Target SINR 
	2.5dB

	Receiver type 
	MMSE

	Subcarrier spacing
	15kHz

	TTI length
	Subslot (2 or 3 symbols per TTI)
slot (7 symbols per TTI, 0.5ms)
1ms TTI (14 symbols per TTI, 1ms)

	Delay spread
	30ns, 300ns

	UE speed
	3km/h, 15km/h

	System bandwidth
	20MHz

	Carrier frequency
	700MHz for Macro deployment scenario
2GHz for indoor hotspot deployment scenario

	Channel estimation
	Real






Evaluation result in [2]
Table 3. Required SNR and latency of UL transmission without grant with 1-10-5 reliability (TDL-A MCS 0)
	Transmission Strategy
	Working Point (Es/N0 in dB)
	Latency
(ms)

	
	1T*2R 
	1T*4R 
	1T*8R 
	

	1 ms TTI with 1-shot transmission
	\
	-0.8
	-5.5
	4  

	1 ms TTI with 2 repetitions
	\
	-4
	-7.9
	5

	1 ms TTI with 1 retx
	\
	-4
	-7.9
	12

	2 OS sTTI with 1-shot transmission
	1.2
	-3.2
	-7.1
	0.67

	2 OS sTTI with 2 repetitions
	-1.4
	-5.3
	-8.6
	0.83

	2 OS sTTI with 3 repetitions
	-2.8
	-6.4
	-9.4
	1

	2 OS sTTI with 1 retx
	-1.4
	-5.3
	-8.6
	2 



Evaluation result in [3]
[bookmark: _Ref494466027]Table 4. Required SNR of UL transmission for TDL-E
	
	Transmission scheme
	Working Point (Es/N0 in dB)

	
	
	BLER=10-4
	BLER=10-5

	
	
	1Tx*2Rx
	1Tx*4Rx
	1Tx*2Rx
	1Tx*4Rx

	MCS0
	3 OS sTTI with 2 data symbols,
1-shot transmission
	-4.4
	-7.44
	-1.83
	-6.4

	
	3 OS sTTI with  2 data  symbols,
one initial transmission and one repetition
	-7.16
	-[footnoteRef:1] [1:  Entries marked with gray are not simulated. ] 

	-6
	-

	MCS 3
	2 OS sTTI with 1  data symbol,
1-shot transmission
	-1.83
	<-5
	-1.2
	-4.68

	
	2 OS sTTI with 1 data symbol,
one initial transmission and one repetition
	<-5
	-
	-4.25
	-



Table 5. Required SNR of UL transmission for TDL-C
	
	Transmission Strategy
	Working Point (Es/N0 in dB)

	
	
	10-4
	10-5

	
	
	1T*2R
	1T*4R
	1T*2R
	1T*4R

	MCS0
	3 OS sTTI with 2 data symbols,
1-shot transmission
	3.6
	-5.2
	>4
	-4.2

	
	3 OS sTTI with  2 data  symbols,
one initial transmission and one repetition
	-2.05
	-
	-0.65
	-

	MCS 3
	2 OS sTTI with 1  data symbol,
1-shot transmission
	-
	-2.65
	-
	-1.5

	
	2 OS sTTI with 1 data symbol,
one initial transmission and one repetition one initial transmission and one repetition
	0.65
	-
	>2
	-



Evaluation result in [4-5] 
[image: ]
Figure 2 BLER performance of PUSCH with one transmission (32B with MCS 1) 
[image: ]
Figure 3 BLER performance of subslot with sTTI length=2 and repetition in TDL-C 3km/h, for MCS 1.
[image: ]
Figure 4 BLER performance of subslot with sTTI length=3 and repetition in TDL-C 3km/h, for MCS 0.
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