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Introduction
In the RAN1#92bis meeting, the following offline consensus on UL SPS repetition for LTE URLLC was reached. 
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. (Limiting the initial transmission always at the first occasion in a periodicity)
· 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) (Grant-free like mechanism)
· 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)
In this contribution, we further analyze the above three options proposed in RAN1 #92b and further discuss frequency hopping for inter-transmission occasion.
UL SPS repetition configuration
The three options identified in RAN1 #92b are further discussed in this section.  
Repetition constructions for UL SPS 
Option 1:
For option1, the main idea is that the initial transmission always starts at the first transmission occasion (TO) in a periodicity and repetitions stop at the TO boundary. As discussed in the last meeting, the benefits and drawbacks are follows. 
· Pros
· K transmissions are guaranteed.
· No ambiguity in the starting point of the transmission window. 
· Cons
· Additional delay induced by fixed starting point occasions
As shown, the main issue for Option 1 is whether it can meet the 1ms latency or not. In Table 1, the one way latency based on Option 1 with different repetition numbers is given. 
Table 1 One way latency for different repetition numbers K
	Step
	Description
	Latency 

	
	
	Repetition K =2
	Repetition K =3, Periodicity P = 3 sTTI

	
	
	Periodicity P=2 sTTI
	Periodicity P=3 sTTI
	

	1
	Transmitter Processing Delay + Subslot Alignment
	2*subslot
	2.5*subslot
	2.5*subslot

	2
	Data channel transmission duration
	2*subslot
	2*subslot
	3*subslot

	3
	Receiver Processing Delay (eNB)
	        1.5*subslot
	1.5*subslot
	1.5*subslot

	Total one way delay
	5.5*subslot
	6*subslot
	      7*subslot


We can find that, if repetition number K is equal to three, the one way latency will exceed 1ms latency target. Hence, the maximum number of repetition K should be 2 and periodicity P is no larger than 3 subslots.
Observation 1: For Option 1, the maximum number of repetition K is 2 and periodicity P should be no larger than 3 subslots.
Option 2:
As proposed in RAN1 #92b, Option 2 seems to be easier to accomplish the {1ms, 1e-5} requirement, given K repetitions are guaranteed and the starting possible of the transmission window can be in any sTTI. The main issue of Option 2 is to identify the starting position of K repetitions for eNB. It was proposed to resolve this issue by UL DMRS. 
As for the repetition number, we think it is reasonable to support a set of K as [1, 2, 3] with subslot for the target of {1ms, 1e-5} and [1, 2, 3, 4, 5, 6, 7, 8] with 1ms TTI length for the target of {10ms, 1e-4}, as discussed in our companion contribution [1]. 
Given there are 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 could be defined as,
· for the target of {1ms, 1e-5} with subslot, 
· 1 for K=1
· 2 for K=2
· 3 for K=3
· for the target of {10ms, 1e-4} with subframe, 
· i for K=i, where i=1,2,…,8. 
It could be found that, there are sufficient DMRS configurations for repetitions based on both sublsot and subframe. In other words, the number of different DMRS configurations is less than the repetition number, which avoids introducing additional delay and buffering before being able to decode. 
Proposal 1: For option 2, the number of different DMRS configurations needed for a UE could be defined as,
· for the target of {1ms, 1e-5} with subslot, 
· 1 for K=1
· 2 for K=2
· 3 for K=3
· for the target of {10ms, 1e-4} with subframe, 
· i for K=i, where i=1,2,…,8. 
Option 3:
For option3, the main idea is the initial transmission can start at any of the TO of the K repetitions and repetitions stop at periodicity P boundary. As discussed, the benefits and drawbacks are follows. 
· Pros
· The initial transmission can start at any of the TO.
· No ambiguity in the starting point of the transmission window. 
· Cons
· K transmissions are not guaranteed.
Considering the reliability cannot be always fulfilled, we propose not to support Option 3 at least for the target of {1ms, 1e-5} with subslot. 
Observation 2: Option 3 is not feasible for the target of {1ms, 1e-5} with subslot. 
Based on above analysis, we propose that, 
Proposal 2:  For UL SPS repetition for LTE URLLC, RAN1 supports
· Option 1 or Option 2, if K=2.
· Option 2, if K>=3.
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 1 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 1 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 2.
Table 2 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 3: 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 4: 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 observations and proposals: 
Observation 1: For Option 1, the maximum number of repetition K is 2 and periodicity P should be no larger than 3 subslots.
Observation 2: Option 3 is not feasible for the target of {1ms, 1e-5} with subslot. 
Proposal 1: For option 2, the number of different DMRS configurations needed for a UE could be defined as,
· For the target of {1ms, 1e-5} with subslot, 
· 1 for K=1
· 2 for K=2
· 3 for K=3
· For the target of {10ms, 1e-4} with subframe, 
· i for K=i, where i=1,2,…,8. 
Proposal 2:  For UL SPS repetition for LTE URLLC, RAN1 supports
· Option 1 or Option 2, if K=2.
· Option 2, if K>=3.
Proposal 3: 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
[bookmark: _GoBack]Proposal 4: 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.
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