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1. Introduction

In this contribution, we discuss aspects on repetition enhancements for UL SPS to enable URLLC in LTE. 
2. 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.

· SPS configured with a periodicity P and offset

· configured K defines the number of transmissions and definies the transmission occasion window starting from the periodicity boundary (which is dependent on P and offset)

· K transmissions are guaranteed

· Single HARQ process/TB per transmission window. HARQ process ID could be determined by transmission window (i.e. given by the periodicity)

· No ambiguity in the starting point of the transmission window (and RV usage)

· Additional delay induced by fixed starting point occasions (i.e. starting point occasions have a periodicity of P)

· Option 2: P=1, K repetitions are guaranteed and the starting point of the transmission window can be in any (s)TTI. 

· HARQ process ID is given as a function of the first of the K transmissions

· The ambiguity in the starting point of the transmission window can be resolved by 

· UL DMRS

· Note: 4 combinations of cyclic shifts and COMB are available for sTTI and 8 for 1ms TTI

· The number of different DMRS configurations needed for a UE are

· 1 for K=1

· 2 for K=2

· for K=4

· case 1: 4 (brute force mechanism)

· case 2: 2 (with a mechanism that induces delay and requires buffering before being able to decode compared to the brute force mechanism??)

· for K=6

· case 1: 2 with a mechanism that induces (more?) delay and buffering??

· case 2: 4 with a mechanism that induces delay and buffering??

· for K=8

· case 1: 2 with a mechanism that induces (more?) delay and buffering??

· case 2: 4 with a mechanism that induces delay and buffering??

· In case of a brute force mechanism, any RV sequence can be supported

· In case of a mechanism different than a brute force mechanism, RV sequence {0, 0, 0, 0} is supported. FFS on the support of any other RV sequence.

· 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)

· SPS configured with a periodicity P and offset

· configured K defines the maximum possible number of transmissions and definies the transmission occasion window starting from the periodicity boundary (which is dependent on P and offset)

· Single HARQ process/TB per transmission window. HARQ process ID could be determined by transmission window (i.e. given by the periodicity) but is independent of the TX starting within the transmission occasion window

· FFS on RV usage (e.g. RV sequence mapping is fixed within the window, or RV sequence is relative to the TX start)


For given options above according to outcome from offline in RAN1#92bis, some analysis from our understanding is briefly provided as follows:

	
	Option 1
	Option 2
	Option 3

	Reliability
	Guaranteed
	Guaranteed
	Not always guaranteed

	Latency
	Additional delay due to fixed starting point occasions 
	No additional delay
	No additional delay

	RV usage
	Any RV sequence
	Any RV sequence for brute-force mechanism
At least {0, 0, 0, 0} with pre-defined DMRS configuration
	{0, 0, 0, 0}

	Starting/ending point detection
	No ambiguity
	Ambiguity (can be resolved by DMRS configuration)
	Ambiguity?

	DMRS detection
	High reliability
	Relatively low reliability
	High reliability

	Buffering
	No buffering
	Additional buffering and delay for eNB side with pre-defined DMRS configuration
	No buffering

	User multiplexing capability on overlapping RBs
	Relatively high
	Low due to pre-defined multiple DMRS configurations for a UE in order to resolve HARQ ID ambiguity problem
	Relatively high


Regardless of which option is adopted, one issue is how to set HARQ process ID. Our suggestion is to follow the principle of NR for which HARQ process ID is given based on the initial transmission of K repetitions and periodicity. 

Proposal 1: For UL SPS with repetition, the HARQ process ID is derived based on the initial transmission of K repetitions and periodicity. 

One outstanding discussion point is how to allocate DMRS configuration in order to resolve the ambiguity in the starting point of the transmission window in case of option 2. During offline, two approaches are listed up as follows:
· Approach 1: Number of different DMRS configurations = number of repetitions
· This approach is quite simple but requires relatively larger resources. As more resources are allocated to a UE, multiplexing capability on overlapped RBs would be reduced. Since the current specification for sTTI operation only supports up to 4 different DMRS configurations, the maximum number of repetitions can be restricted up to 4 for slot/subslot operation. 
· Approach 2: Number of different DMRS configurations < number of repetitions

· This approach can offer more flexible number of repetitions if needed. However, it seems to induce latency and require buffering before being able to decode for eNB side. Also, RV usage would be limited to {0, 0, 0, 0}. 
Regardless of which approach is supported, UL DMRS sharing should not be utilized for UL SPS with repetition if the ambiguity in the starting point of the transmission window is to be resolved by different DMRS configuration. 

Proposal 2: If multiple DMRS configuration is allocated to a UE for resolving ambiguity, UL DMRS sharing for UL SPS is not supported with periodicity of 1 subslot. 

Considering the number of different DMRS configurations can be a bottleneck due to the concern on detection performance, a slight modification of the existing option can be taken into consideration. In option 3, if we remove “stops at the transmission occasion boundary”, then this modified option can also guarantee the number of repetitions. (Denoting this option as option 4 as below)

	Option 4: 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)


For option 4, DMRS resources can be saved since eNB will need to differentiate only either one of two HARQ process IDs due to the assumption of K<=P, which implies that a repetition bundle would cross at most two subframes (See Figure 1). And then, in order to distinguish HARQ process ID, one simple solution would be to allocate different DMRS cyclic shift per HARQ process ID. With this solution, at least eNB can figure out which TB the received TTI belongs to, and it is expected to lower the delay and buffer requirement. For this option, like option 2, at least RV sequence {0, 0, 0, 0} can be utilized. 
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Figure 1. Example of UL SPS with repetition when K=P=4 TTI
Proposal 3: It can be considered that K <= P and the initial transmission of a TB can start at any of the transmission occasions of the K repetitions (option 4). For this option, the ambiguity on HARQ process ID determination can be resolved by associating different DMRS configuration per each HARQ process ID. 
According to current specification, the processing timeline for applying TPC command to UL SPS is a unit of subframe even for sTTI operation. If the transmission window of UL SPS with repetition crosses a subframe boundary, the power transition between sTTIs of different subframes happens if TPC command is applied to the second subframe within the window, which would result in phase discontinuity between sTTIs of different subframes. Thus, it would be necessary to impose additional delay for applying TPC command to UL SPS with repetition when the transmission window of UL SPS with repetition crosses a subframe boundary. Similarly, in case the transmission window of UL SPS with repetition crosses a subframe boundary, TPC command should be applied only once to the first subframe within the window.
Proposal 4: When the transmission window of UL SPS with repetition crosses a subframe boundary, no TPC command is applied to the second subframe within the window and the TPC command is applied to the subframe after the repetition is finished. 
Proposal 5: When the transmission window of UL SPS with repetition crosses a subframe boundary, TPC command should be applied only once to the first subframe within the window.
Due to potential SRS transmission within the transmission window of UL SPS with repetition, the phase continuity problem can also happen. However, if the UE ignores SRS configuration and transmits UL SPS in the SRS symbol, it would impact other UEs as interference. On the other hand, by eNB scheduling, it might be possible not to allow the transmission window of UL SPS with repetition across potential SRS transmission, however, it would induce some latency by waiting until repetition can start after SRS or would reduce reliability by terminating repetition before SRS. One solution is not to map any SRS or UL-SCH on the potential SRS symbol within the transmission window of UL SPS with repetition, and to use shortened (S)PUSCH. 

Proposal 6: For ensuring reliability of UL SPS with repetition, if the transmission window of UL SPS with repetition includes the SRS symbol, the UE shall transmit shortened PUSCH for UL SPS and not transmit SRS within the window. 

3. Conclusions

In this contribution, we discussed repetition enhancements for UL SPS to enable URLLC in LTE. Based on the above discussions, our proposals are given as follows:
Proposal 1: For UL SPS with repetition, the HARQ process ID is derived based on the initial transmission of K repetitions and periodicity. 

Proposal 2: If multiple DMRS configuration is allocated to a UE for resolving ambiguity, UL DMRS sharing for UL SPS is not supported with periodicity of 1 subslot. 

Proposal 3: It can be considered that K <= P and the initial transmission of a TB can start at any of the transmission occasions of the K repetitions (option 4). For this option, the ambiguity on HARQ process ID determination can be resolved by associating different DMRS configuration per each HARQ process ID. 

Proposal 4: When the transmission window of UL SPS with repetition crosses a subframe boundary, no TPC command is applied to the second subframe within the window and the TPC command is applied to the subframe after the repetition is finished. 
Proposal 5: When the transmission window of UL SPS with repetition crosses a subframe boundary, TPC command should be applied only once to the first subframe within the window.
Proposal 6: For ensuring reliability of UL SPS with repetition, if the transmission window of UL SPS with repetition includes the SRS symbol, the UE shall transmit shortened PUSCH for UL SPS and not transmit SRS within the window. 
