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1 Introduction

In RAN1#92 meeting, the following agreements regarding UL SPS enhancements for LTE URLLC have been achieved [1].
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 RAN #79 meeting, it was agreed to support enhanced reliability focusing on 1ms latency bound in Rel-15 [2]. 
In RAN1#92bis meeting, the main different options for UL SPS repetitions were identified during the LTE URLLC offline discussion and the following was proposed [3], and the outcome of a further offline discussion is reproduced in Appendix. 

Any further discussion on UL SPS should focus on the following options:

Option 1: K repetitions, less or equal to the SPS periodicity P. Transmission starts at the beginning of the P windows. RV sequence is configurable.

Option 2: P=1, K repetitions are guaranteed and can start at any point. 

Option 3: P configurable, UE can start at any point within P, but K transmission configured but Tx stops at P boundary (i.e. K tx are not garanteed).

In this contribution, we further discuss how to support UL SPS repetition for URLLC in Rel-15 while taking into account the identified different options.
2 sPUSCH repetition on top of UL SPS
2.1 Overview of different options to support sPUSCH repetition
In last RAN1 meeting, the following three options for UL SPS repetition were discussed. The outcome according to the offline discussion can be found in [4].
· Option 1: K repetitions, where K <= the SPS periodicity P. The transmission starts at the beginning of the P window.
· 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 can ensure the K repetitions but will incur additional delay since the transmission can only start at the beginning of the P window. Option 3 can provide benefits on latency, however, K repetitions cannot be guaranteed thus PUSCH reliability cannot be ensured. On the contrary, the benefits can be achieved by Option 2 from the aspect of latency and reliability. Considering the agreements achieved in the latest RAN plenary meeting (i.e. to support enhanced reliability focusing on 1ms latency bound in Rel-15) as well as the property of subslot in LTE URLLC (i.e. 2 or 3 OFDM symbols with SCS 15KHz), Option 2 should be supported in Rel-15 and other options can be further studied. 
Proposal 1: In Rel-15 LTE URLLC, Option 2 (i.e. to start repeated UL SPS transmission at any subslot with P=1 and K repetitions are guaranteed) should be supported to fulfil the requirement of (10-5, 1ms, 32 bytes). 

Proposal 2: Other options can be further studied if other relaxed requirements are considered.
2.2 Further analysis on Option 2 (i.e. to start repeated UL SPS transmission at any subslot with P=1)
As analysed above, the benefit of Option 2 over Option 1 and Option 3 mainly comes from allowing K repetitions across the transmission window (i.e. P = 1). However this operation will incur the HARQ ambiguity issue because the eNB may not know if the received transmission is the first transmission of a new TB or a repetition of a previous TB. 
In last meeting, it was identified the ambiguity issue for Option 2 can be resolved by UL DMRS during the offline discussion as reproduced in Appendix. It should firstly be clarified that for UL sTTI SPS operation, different DMRS and/or RPF can be configured by RRC (3-bit CS and 1-bit RPF), therefore, totally 16 combinations of cyclic shifts and COMB are available if the repetitions are based on UL sTTI SPS. 
There are three solutions depending on the different usage of UL DMRS as follows, wherein K is the repetition number including the initial transmission.
· Option a: brute force mechanism. In this option, K UL DMRS are configured for one UE to differentiate different repetitions.
· Option b: to allocate two UL DMRS for one UE regardless of K, when K is larger than one.

· Option c: to allocate Log2(K) UL DMRS for one UE as discussed in [5].
One example to show the above three options are depicted in Figure 1, where K is assumed to be 4 and Xi (i = 1, 2, 3, or 4) denotes the different UL DMRS.
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Figure 1. Examples of different usage on UL DMRS to differentiate the transmission window.
On one side, if the requirement of (10-5, 1ms, 32 bytes) is considered, the maximum repetition number supported for UL SPS is 2. The required number of UL DMRS for the above three options is 2. Since eNB can detect the initial transmission and the repetition via different DMRS, the starting position of one TB can be identified and there is no impact on buffering. Furthermore, any RV sequence can be supported in this case and it can be up to eNB configuration. In addition, the user multiplexing capability is acceptable since at most 8 UEs can be multiplexed within the overlapping PRBs due to 16 combinations of cyclic shifts and COMB used for UL DMRS.
On the other side, if other relaxed requirements are considered, more repetitions can be studied. As follows, the above three options as shown in Figure 1 are compared from the aspects of starting/ending point detection, buffering, user multiplexing capability as well as the RV usage. 
For Option a, since there are 16 combinations of cyclic shifts and COMB are available, the brute force mechanism can work provided K is not larger than 16 in theory. In addition, extra buffering is not needed and any RV sequence can be supported. However the UE multiplexing capability within the overlapping PRBs will be affected as K DMRS are needed to be configured for one UE. From this aspect, the brute force mechanism is preferable when the repetition number is small, e.g. no larger than 4.
For Option b, if the initial transmission is not missed, eNB can acquire the following repetitions correctly according to the repetition number. Furthermore, the user multiplexing capability is acceptable due to always 2 UL DMRS allocated for one UE regardless of K. However if the initial transmission is missed, eNB cannot identify the starting position. One example is shown in Figure 2, wherein eNB missed the initial transmission in Case a. If eNB detected the second transmission with X2 in Case a and larger than one transmission are assumed to be missed during one repetitions, eNB cannot differentiate which case the detected X2 belongs to since at the same position, X2 can be used for the 2nd transmission in Case a, 4th transmission in Case c or 3rd transmission in Case d. To resolve this issue, eNB can buffer the following transmissions in advance and try to correlate the received signals with the pre-defined UL DMRS pattern. Obviously this would incur additional buffering at eNB side. 
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Figure 2. HARQ ambiguity issue for Option b
The consideration on Option c is similar as the one on Option b. The main difference between Option b and Option c is the number of UL DMRS allocated for one UE. When the repetition number is larger than 4, more UL DMRS are needed for Option c, which would degrade the user multiplexing capability. Still Option c will face the HARQ ambiguity issue if one transmission is missed. The solution discussed in Option b can be applied to Option c, therefore additional buffering would also be needed. However since more UL DMRS allocated to Option c than Option b when K is larger than 4, the better correlation performance might be achieved by Option c.
According to the above analysis, the comparison between Option a, b and c is summarized in the following table. 
Table 1. Comparison among three Options on how to apply UL DMRS to resolve HARQ ambiguity issue

	Repetition 
number 
	
	Option a
(Brute force mechanism)
	Option b
(to allocate 2 UL DMRS)
	Option c

(to allocate Log2(K) UL DMRS when K is larger than 2)

	K = 1
	Number of different DMRS
	1
	1
	1

	
	Maximum User multiplexing capability (User number)
	16
	16
	16

	
	Buffering 
	Not needed
	Not needed
	Not needed

	
	RV sequence
	RV = 0
	RV = 0
	RV = 0

	K = 2
	Number of different DMRS
	2
	2
	2

	
	Maximum User multiplexing capability (User number)
	8
	8
	8

	
	Buffering 
	Not needed
	Not needed
	Not needed

	
	RV sequence
	Any RV sequence
	Any RV sequence
	Any RV sequence

	K = 3 or larger
	Number of different DMRS
	K
	2
	Ceil (Log2(K))

	
	Maximum User multiplexing capability (User number)
	Floor (16/K)
	8
	Floor (16/ Ceil (Log2(K)))

	
	Buffering
	Not needed
	Needed1
	Needed1

	
	RV sequence
	Any RV sequence
	Any RV sequence2
	Any RV sequence2

	Note:

1. When K is larger than 2, buffering the coming transmission in advance and correlation algorithm are assumed. 

2. When K is larger than 2, any RV sequence can be considered for Option b and Option c assuming the starting position can be identified by the correlation. 


Since in Rel-15, it was agreed to support enhanced reliability focusing on 1ms latency bound, the maximum value of K for Rel-15 is 2. From this aspect, there is no difference between the above three options summarized in Table 1. That is two UL DMRS can be configured for one UE to resolve the HARQ ambiguity issue. The above three options can be further evaluated if other relaxed requirements are considered. 

Proposal 3: In Rel-15 LTE URLLC, UE is configured with two DMRS configurations to distinguish the initial transmission and repetitions to fulfil 1ms latency boundary. 

2.3 Other standard impacts to support repetition for UL SPS in LTE URLLC
In this section, the necessary standard impact to support repetition for UL SPS is discussed.
Firstly the repetition number should be indicated to UE. The simplest solution is to convey the repetition number in higher layer signalling. Furthermore, the maximum repetition number is 2 for 1ms latency boundary in Rel-15. Other values for repetition number larger than 2 can be considered for other relaxed requirements.

Secondly, as for RV sequence, according to the discussion in section 2.2, any RV sequence can be considered if the starting position of repetition can be identified. For simplification, RV sequence {0, 0, 0, 0} can be a starting point.

Finally TBS scaling factor should be the same for all repetitions when UL SPS with repetition emerges on different sTTI with different date symbols. From the aspect of reliability, the TBS scaling factor can always be 1/12 for this case.
From the aspect of reliability, 256QAM is not supported. 

Proposal 4: Other standard impacts to support repetition for UL SPS in LTE URLLC include

· The repetition number of UL SPS is conveyed in higher layer signalling.
· Maximum repetition number is 2 to fulfil 1ms latency boundary in Rel-15
· Other values for maximum repetition number can be studied further.
· Any RV sequence can be configured by higher layer signaling

· RV sequence {0, 0, 0, 0} can be the starting point.

· TBS scaling factor is always 1/12 when UL SPS with repetition is configured and emerges on different sTTIs with different data symbols.
3 Conclusion

In this contribution, we discussed how to support UL SPS repetition for URLLC in Rel-15 while taking into account the identified different options in last meeting. According to the analysis, the following proposals were achieved.
Proposal 1: In Rel-15 LTE URLLC, Option 2 (i.e. to start repeated UL SPS transmission at any subslot with P=1 and K repetitions are guaranteed) should be supported to fulfil the requirement of (10-5, 1ms, 32 bytes).
Proposal 2: Other options can be further studied if other relaxed requirements are considered.
Proposal 3: In Rel-15 LTE URLLC, UE is configured with two DMRS configurations to distinguish the initial transmission and repetitions to fulfil 1ms latency boundary. 

Proposal 4: Other standard impacts to support repetition for UL SPS in LTE URLLC include

· The repetition number of UL SPS is conveyed in higher layer signalling.
· Maximum repetition number is 2 to fulfil 1ms latency boundary in Rel-15
· Other values for maximum repetition number can be studied further.

· Any RV sequence can be configured by higher layer signaling

· RV sequence {0, 0, 0, 0} can be the starting point.

· TBS scaling factor is always 1/12 when UL SPS with repetition is configured and emerges on different sTTIs with different data symbols.
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Appendix
The detailed descriptions on different options to support repetition enhancements for UL SPS operation are present as follows:

Proposal:

Any further discussion on UL SPS should focus on the following options:

· 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)
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