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Discussion and decision
1 Introduction

In order to finish the WID on time, it was agreed to reduce the scope of WID of LTE URLLC in RAN #79. There are two remaining aspects led by RAN 1:

· Blind/HARQ-less repetition for scheduled DL-SCH operation (RAN1 led)
· Finalise details of RAN1 agreement to support blind/HARQ-less PDSCH repetition.
· Using legacy (S/E)PDCCH, (S)PUCCH formats (if applicable); any discussion of potential DCI modifications is limited to support of blind/HARQ-less repetition
· All four variants (as identified in RAN1#92) are valid for further discussion. 
· Second priority (best effort only): Repetition enhancements for UL SPS operation (RAN1 led)
· Finalise details of RAN1 & RAN2 agreements to support UL SPS repetition configuration (both sTTI and TTI)
For the evaluation assumption for PUSCH, it was agreed Q value in previous RAN 1 meeting: 

Agreement:
Q values used for PUSCH for macro scenario is 2.5 dB. 

Note: The Q value used was derived based on an average of interference over time with the nodes in the network using a proportional fair scheduler.

Moreover, the following agreement was agreed on UL SPS in the same RAN 1 meeting: 
Agreements:
For LTE URLLC operation, at least an UL SPS repetition configuration is supported where a UE can start the initial transmission of a TB at any (s)TTI
Agreement:
RAN1 should strive to design a UL SPS repetition scheme where the number of repetitions K is guaranteed under certain conditions related to collision with e.g. new data arrival or scheduled PUSCH. The so far identified issues to solve are:

· Ambiguity of HARQ process between eNB and UE and reception performance because eNB may not know if the received transmission is the first transmission of a new TB or a repetition of a previous TB

· Phase continuity when transmitting SRS or when crossing the subframe boundary
Agreement: 

Study PUSCH repetition (on TTI level) as one key UL SPS enhancement for URLLC and study further how to realize it. The studies should at least include indication of the repetition factor in the activation DCI, higher layer configuration of the repetition factor and combining PUSCH repetition with TTI level FH.

In this contribution, the necessity of support repetition for PUSCH and potential configuration of UL SPS are discussed. 
2 
Discussion
Necessity of support repetition for PUSCH
Based on the evaluation results for PUSCH in [2]-[4], 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. In addition, one company showed that without repetition, the requirement can be achieved without repetition for PUSCH (MCS 1, assuming based on the agreed evaluation assumption)
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
Based on the evaluation assumption for latency in [5], 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.   
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


UL SPS with K repetition
There were a lot of discussions in NR UL grant free regarding on “start from any TTI”. Finally, in NR, it was agreed to support starting from the TTI with RV 0 and stop the transmission at the boundary of each transmission occasion. During the discussion in NR, the design target is short latency but there is no clear requirement of reliability. Therefore, in order to not bring in more issues to complicate the system, the repetition stop at the boundary. For example, if the repetition is allowed to start from any TTI and keep transmission across the boundary of each transmission occasion, it may overlap with the resource for another HARQ process (if more than 1 HARQ process is configured), shown as Figure 1. This may cause ambiguity issue of HARQ process ID between UE and eNB.  If only one HARQ process is configured, UE has to wait until this HARQ process finished, and start to transmit another TB. The total latency to finish the entire package will increase if more than one TB is needed for one data traffic. Moreover, when repetition K >1, it requires more blind detections from eNB if support start from any TTI since eNB doesn’t know the starting position, especially when eNB want to combine the K repetition to improve the performance. 
Observation #3: Start from any (s)TTI when K>1 and stop at the boundary of each transmission occasion cannot provide much improvement of reliability.

Observation #4: Start from any (s)TTI when K>1 and allowed to across the boundary of each transmission occasion will bring in ambiguity of HARQ process between UE and eNB.
Observation #5: Start from any (s)TTI when K>1 is expected to increase eNB complexity. 

On the other hand, as discussed in the above, both latency and reliability requirement can be met with 2 repetitions and start from the first sTTI of a bundling of two sTTIs. Therefore, for the K=2 repetition case, there is no need to support “start from any sTTI” to meet the requirement of 1ms and 10-5. Moreover, in order to achieve the latency requirement, the periodicity P of UL SPS shall be able to configure as same as transmission occasion of K repetitions, i.e., P =K.  Similarly, when repetition K= 1, the periodicity P shall be able to configure as P=K=1 (sTTI). In this configuration (P=K=1), UE can start the initial transmission of a TB at any (s)TTI. 
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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Figure 1 

3 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: Start from any (s)TTI when K>1 and stop at the boundary of each transmission occasion cannot provide much improvement on reliability.

Observation #4: Start from any (s)TTI when K>1 and allowed to across the boundary of each transmission occasion will bring in ambiguity of HARQ process between UE and eNB.

Observation #5: Start from any (s)TTI when K>1 is expected to increase eNB complexity. 

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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5 Appendix
5.1 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


5.2 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 


5.3 Evaluation result in [3]
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
	-

	-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
	-


5.4 Evaluation result in [4] 
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Figure 2 BLER performance of PUSCH with one transmission (32B with MCS 1) 
� Entries marked with gray are not simulated. 
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Periodicity
 P
K repetition may start from any where.



