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Introduction
In the RAN1 #92 meeting, the following agreements on PUSCH related techniques for LTE URLLC were reached [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.
Agreements:
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
Agreements:
Study PUSCH repetition (on TTI level) as one key UL SPS enhancement for URLLC and study further how to realize it. The studied should at least include indication of the repetition factor in the activation DCI, higher layer configuration of the repetition factor and combing PUSCH repetition with TTI level FH.
[bookmark: OLE_LINK1]In RAN plenary #79 [2], it was agreed to further study and specify UP SPS as a second priority. In this contribution, we further discuss the related issues of UL SPS repetition focusing on resource configuration and frequency hopping for inter-transmission occasion. We mainly consider 1ms latency target, and subslot TTI length is assumed for UL SPS repetition in this paper.
UL SPS repetitionconfiguration
In RAN1 #92, it was agreed that a UE can start the initial transmission of a TB at any (s)TTI and RAN1 should strive for a guaranteed number of repetitions K. In order to reach above agreement, the repetitive resources configuration should be firstly discussed and clarified.
As agreed in RAN1#91 [3], for grant-free transmission in NR, the UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P. As shown in Figure (1), for grant-free mechanism with periodicity P equal to 6 sTTI, the actual repetition number is 2 for TB1 even the repetition time is configured with K=3. But for UL SPS repetition of LTE URLLC, in order to guarantee K repetitions, the third repetition should be postponed to the next periodicity. But this configuration could lead to lots of latency for waiting for the next periodicity. Hence, a configuration of P>K is not suitable for UL SPS of LTE URLLC.
[image: ]
 Figure 1 Using mechanism of grant-free in NR for LTE UL SPS 
Proposal 1: For UL SPS repetition for LTE URLLC, the time duration for the transmission of K repetitions is the same as the time duration of the periodicity P. 
Considering the limited time and low priority of UL SPS repetition, we suggest that other configuration with the initial transmission of a TB cannot start at any (s)TTI is not considered in this WI. 
Repetition constructions for UL SPS 
In Figure 2(a), in the case of P=K, an example assuming repetition factor K = 3 is given. As illustrated, when TB1 arrives at transmission occasion (TO) = # 2, the last two repetitions can be transmitted in next periodicity. The solution can not only realize three repetitions but also meet the latency requirement.

 Figure 2(a) Two TBs transmitted in one periodicity P
However, if another transmission block TB2 arrives at TO #2 within the second periodicity P, TB1 and TB2 would be transmitted within the same periodicity P. Then, ambiguity of HARQ process between eNB and UE may happen because eNB may not know if the received transmission is the first transmission of a new TB or a repetition of a previous TB.

Figure 2(b) One TB transmitted in each periodicity P
In order to avoid the confusion, we suggest that only one transmission block can be transmitted during the current periodicity. So, as can be seen from Figure 2(b), the initial transmission of TB2 should be postponed to the third periodicity.
Proposal 2: For UL SPS repetition of LTE URLLC, only one transmission block can be transmitted within the each periodicity P.
Considering the rather stringent latency requirement, the grant-based retransmission cannot be finished within 1ms latency target. Thus, no need to use the HARQ ID to distinguish a retransmission for the same TB. And based on discussion above, only one transmission block can be transmitted during the current periodicity. There is also no need to use the different HARQ ID to distinguish whether the received transmission is the initial transmission of next TB or one repetition of a previous TB.
Proposal 3: Only one HARQ Process ID should be sufficient for UL SPS of LTE URLLC.
Repetition number K for UL SPS
Regarding repetition number K for UL SPS of LTE URLLC, it could be down-selected among following:
· Option1: Only RRC signaling
· Option2: Only L1 activation signaling
· Option3:Combination of RRC + L1 activation signaling
As analyzed in [4], with a 1ms target, 3 repetitions can be made when using subslot transmission. So, the repetition number K could be set as {1, 2, 3}. We do not see the need to dynamically change the repetition number for UL SPS. Also, using the combination of RRC + L1 activation signaling will not save DCI overhead. Therefore, Option 1 is preferred.
[bookmark: OLE_LINK2]Proposal 4: For UL SPS repetition for LTE URLLC, one of the repetition number from {1,2,3} is configured by RRC signaling. 
Frequency hopping and DMRS pattern for inter-repetition transmission
As agreed in RAN1#92, study PUSCH repetition (on TTI level) as one key UL SPS enhancement for URLLC, and the studies should include PUSCH repetition with TTI level frequency hopping. 
To ensure the diversity gain always available, it is better to at least contain one hopping boundary among K>=2 repetitions no matter the initial transmission starts. Then, 
· If K=2, frequency hopping boundary should be configured at each transmission occasion. In this case, there is no DMRS sharing. 
· If K=3, an inter-repetition frequency hopping pattern shown in Figure 3 could be used. The hopping pattern is {sTTI#0 | (sTTI#1, sTTI#2)} in the first slot. For the second slot, the pattern is {(sTTI#3, sTTI#4) | (sTTI#5)}, where | is a hopping boundary. We can find no matter the initial transmission starts at which transmission occasion, frequency hopping always exists. Note, the hopping pattern is the same as 7OS sPUCCH hopping.
[image: ]
Figure 3 Frequency hopping pattern for K=3
To ensure that each repetition can be independently decoded, the shared DMRS should be located at the later TO. A same DMRS pattern as designed in SPS of LTE sTTI could be reused, which is listed in Table 1.
Table 1 DMRS sharing pattern 
	[bookmark: OLE_LINK6]sTTI 0
	sTTI 1
	sTTI 2
	sTTI 3
	sTTI 4
	sTTI 5

	R D D
	D D| R
	R D
	DD| R
	RD
	R D D

	R: Reference symbol
D: Data
| : sTTI border


Proposal 5: For UL SPS repetition for LTE URLLC, the inter-repetition frequency hopping is set as 
· If K=2, frequency hopping boundary should be configured at each transmission occasion. 
· If K=3, the frequency hopping pattern is {sTTI#0 | (sTTI#1, sTTI#2)} in the first slot and {(sTTI#3, sTTI#4) | (sTTI#5)} in the second slot
Proposal 6: For UL SPS repetition for LTE URLLC, the DMRS pattern is set as 
· If K=2, no DMRS sharing. 
· If K=3, the DMRS pattern designed in SPS of LTE sTTI is reused.
Conclusion
According to the analysis given above, we have the following proposals: 
Proposal 1: For UL SPS repetition for LTE URLLC, the time duration for the transmission of K repetitions is the same as the time duration of the periodicity P. 
Proposal 2: For UL SPS repetition of LTE URLLC, only one transmission block can be transmitted within the each periodicity P.
Proposal 3: For UL SPS repetition for LTE URLLC, one of the repetition number from {1, 2, 3} is configured by RRC signaling. 
Proposal 4: Only one HARQ Process ID should be sufficient for UL SPS of LTE URLLC.
Proposal 5: For UL SPS repetition for LTE URLLC, the inter-repetition frequency hopping is set as 
· If K=2, frequency hopping boundary should be configured at each transmission occasion. 
· If K=3, the frequency hopping pattern is {sTTI#0 | (sTTI#1, sTTI#2)} in the first slot and {(sTTI#3, sTTI#4) | (sTTI#5)} in the second slot
Proposal 6: For UL SPS repetition for LTE URLLC, the DMRS pattern is set as 
· If K=2, no DMRS sharing. 
· If K=3, the DMRS pattern designed in SPS of LTE sTTI is reused.
Reference
[1] 3GPP TSG RAN WG1 Meeting #92, RAN1 Chairman’s Notes.
[2] 3GPP TSG RAN#79 Meeting, RP-180586, “Way forward for handling URLLC for LTE feature”, Nokia. 
[3] 3GPP TSG RAN WG1 Meeting #91, RAN1 Chairman’s Notes.
[4] [bookmark: _GoBack]3GPP, RAN1#92, R1-1802882, “Latency for URLLC”, Ericsson. 
4

image2.emf
TB1arrives

TO=#1 #2 #3

P = 3 sTTI

TO=#1 #2 #3

...

Subframe n Subframe n+1

Repetition K = 3

P = 3 sTTI

TB2arrives

sTTI#0

sTTI#1 sTTI#2

sTTI#3

sTTI#4 sTTI#5

sTTI#0 sTTI#1

sTTI#2

P = 3 sTTI

TB1, 3 repetitions 

...

TB1 repetition

TB2 repetition

TB2, 3 repetitions 

TO=#1 #2

#3


oleObject1.bin

image3.emf
TB1arrives

TO=#1 #2 #3

P = 3 sTTI

TO=#1 #2 #3

...

Subframe n Subframe n+1

Repetition K = 3

P = 3 sTTI

TB2arrives

sTTI#0

sTTI#1 sTTI#2

sTTI#3

sTTI#4 sTTI#5

sTTI#0 sTTI#1

sTTI#2

P = 3 sTTI

TB1, 3 repetitions 

...

TB1 repetition

TB2 repetition

TB2, 3 repetitions 

TO=#1 #2

#3


oleObject2.bin

image4.emf
TO=#1

#2

…

Subframe n

#sTTI0 #sTTI1 #sTTI2 #sTTI3 #sTTI4

#sTTI5

P=3 sTTI

#3

F

r

e

q

u

e

n

c

y

Time

TO=#1 #2 #3

Repetition K=3

(R D D)

(R D D)

(D D|R) (R D)

(D D|R)

(R D)

P=3 sTTI

Hopping boundary


image1.emf
TB1arrives with repetition of K=3

TO=#1 #2

#3

P = 6 sTTI

...

Subframe n Subframe n+1

sTTI#0

sTTI#1 sTTI#2

sTTI#3

sTTI#4 sTTI#5

sTTI#0

sTTI#1 sTTI#2

P = 6 sTTI

...

TB1 repetition

TO=#1 #2

#3

Resources for another UE


