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Introduction
During the LTE URLLC offline on April 19th, the discussion focussed on UL SPS repetitions. The main different options for UL SPS repetitions were identified. The intention is to use the identified options as basis for further discussion in RAN1#93.  
	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)

· [bookmark: _Hlk513552874]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)



In this paper, our analysis of a UL solution based on the 3 variants is presented. We shall provide the analysis in terms of
· Reliability 
· Latency 
· RV usage
· Starting/ending point detection
· DMRS detection
· Buffering 
· User multiplexing capability (on overlapping PRBs)

[bookmark: _Ref178064866]Discussion 
[bookmark: _Toc509587768][bookmark: _Toc510645898]Link-level simulation
To evaluate the reliability the link-level performance of subslot PUSCH has been studied. The most challenging scenario among the agreed ones was found to be TDL-C 363ns delay spread and 3km/h UE speed. Figure 1 shows the results of 2-os length subslot PUSCH for the TDL-C 363 ns channel and with MCS1. Simulation assumptions are listen in the Annex.
[bookmark: _Hlk513546358]We see that 1e-5 BLER @2.5dB target can be reached even with a one round of transmission. The simulation results also show that with two number of transmission (K=2), the BLER performance improves considerably. 
[bookmark: _Toc513554836][bookmark: _Toc513619776][bookmark: _Toc513622446][bookmark: _Toc513622501][bookmark: _Toc513808833][bookmark: _Toc513810158][bookmark: _Toc513814300][bookmark: _Toc513814323][bookmark: _Toc513814353]Repetition with parameter K=2 provides the proper margin for the target of achieving 1e-5 BLER @2.5dB.
[bookmark: _Toc513554839][bookmark: _Toc513619780][bookmark: _Toc513622454][bookmark: _Toc513622509][bookmark: _Toc513808840][bookmark: _Toc513810165][bookmark: _Toc513814309]Support UL SPS with Transport block repetition with 2 transmissions (K=2).
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[bookmark: _Ref513542119]Figure 1. BLER performance of subslot transmission with sTTI length=2 and repetition in TDL-C 3km/h, for MCS 1.
Number of allowed repetitions for 1ms time-limit
When addressing the high reliability methods, efforts should be to study the most limiting cases, i.e., to improve performance of the weakest link.
Analysing the latency requirement, Figure 2 shows how many repetitions that can fit within the latency budget for different data arrival times. 
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[bookmark: _Ref513802929]Figure 2. Illustration of transmission for subslot PUSCH. Yellow sTTIs for transmission. Grey sTTI are PUCCH
The total transmission time for all these cases is under or equal to 14os, ie. 1ms. The details of the latency evaluation is shown in the table below. Tx and Rx processing is assumed to be 2os for each. It is thus possible to get at least two transmissions (but not always three) within the latency bound.
[bookmark: _Toc513808835][bookmark: _Toc513810160][bookmark: _Toc513814301][bookmark: _Toc513814324][bookmark: _Toc513814354]For 1ms time-limit, 2 number of transmissions (K=2) is always possible.


Table 1 total latency in symbols
	Cases
	Align
	Tx Time (OTA)
	total

	1
	5
	5
	14

	2
	5
	4
	13

	3
	2
	7
	13

	4
	2
	5
	11

	5
	2
	8
	14


Comparison of the variants of TB repetition schemes
In this subsection, we compare Option 1, Option 2, and Option 3 in terms of reliability, latency, RV usage, start/end point detection, DMRS detection and buffering. 
Option 1
Option 1 guarantees K repetitions. In return, the transmission must start at the beginning of the transmission window.    Figure 3 shows the delay in transmission for UE 2 in a scenario that Option 1 is used. UE 2 should wait until the end of the P window. When K < P, the UE 2 waits at most (P-K) subslots. For K=P this delay is the lowest. The configuration of RV is flexible, and the DMRS cyclic shift can be used to multiplex users over overlapping RBs. 
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[bookmark: _Ref513550995]Figure 3. Latency in Option 1
[bookmark: _Toc513554838][bookmark: _Toc513619778][bookmark: _Toc513622448][bookmark: _Toc513622503][bookmark: _Toc513808836][bookmark: _Toc513810161][bookmark: _Toc513814302][bookmark: _Toc513814325][bookmark: _Toc513814355]Option 1 with K<P can cause additional delay in transmission and then it is the worst option among the three variants in sense of latency.
[bookmark: _Toc513622449][bookmark: _Toc513622504][bookmark: _Toc513808837][bookmark: _Toc513810162][bookmark: _Toc513814303][bookmark: _Toc513814326][bookmark: _Toc513814356]For Option 1, if K=P then it has the lowest latency 
[bookmark: _Hlk513807795]Option 2
Option 2 also guarantees K repetitions, and can start transmission anywhere.Latency-wise, option 2 requires an extra delay to resolve the ambiguity of the start of the initial transmission. The size of the delay is proportional to the number of repetitions K.  The algorithm for detection, using a non-brute force method, is limited to using a RV0 transmission, but brute force methods may use different RV sequences. 
Option 2 uses DMRS, configured by RRC for user multiplexing and HARQ-ID ambiguity. Since DMRS use is shared for the two functions, the amount of user multiplexing is reduced. In terms of buffering, the UE must buffer the whole subframe (and potentially ahead of the actual transmission)  in order to detect the transmission start. 
0. Option 3
Among the three options, option 1 and option 2 guarantee K repetitions. However, option 3 cannot guarantee the number of repetitions as the transmission is suspended at the end of the period window. In terms of latency,  Option 3 propsoes a flexible start (with the right RV configuration). DMRS is configured by RRC and can be used for user multiplexing. In terms of buffering, decoding can start at the first received blocks. 
[bookmark: _Toc513554837][bookmark: _Toc513619777][bookmark: _Toc513622447][bookmark: _Toc513622502][bookmark: _Toc513808834][bookmark: _Toc513810159][bookmark: _Toc513814304][bookmark: _Toc513814327][bookmark: _Toc513814357]Option 3 does not guarantee the level of reliability, but is flexible with transmission start. 
Comparing options
[bookmark: _Toc513619779][bookmark: _Toc513622450][bookmark: _Toc513622505][bookmark: _Toc513808838][bookmark: _Toc513810163][bookmark: _Toc513814305]Previously we showed that two number of transmissions (K=2) fits well in 1ms time-limit. From another aspect, the transmission with repetition K=2, provides proper reliability. Considering both reliability and latency, we see that Option 1 with parameters K=P=2 provides the lowest latency and also the proper reliability.
[bookmark: _Toc513808839][bookmark: _Toc513810164][bookmark: _Toc513814306][bookmark: _Toc513814328][bookmark: _Toc513814358]Option 1 with parameters K=P=2 provides acceptable  latency and guaranteed reliability 
Conclusion
In section 2 we made the following observations:
Observation 1	Repetition with parameter K=2 provides the proper margin for the target of achieving 1e-5 BLER @2.5dB.
Observation 2	For 1ms time-limit, 2 number of transmissions (K=2) is always possible.
Observation 3	Option 1 with K<P can cause additional delay in transmission and then it is the worst option among the three variants in sense of latency.
Observation 4	For Option 1, if K=P then it has the lowest latency
Observation 5	Option 3 does not guarantee the level of reliability, but is flexible with transmission start.
Observation 6	Option 1 with parameters K=P=2 provides acceptable  latency and guaranteed reliability

Based on the discussion in section 2 we propose the following:
Proposal 1	Support UL SPS with Transport block repetition with 2 transmissions (K=2).

[bookmark: _In-sequence_SDU_delivery]Annex 
Link simulation assumptions
[bookmark: _Ref506284825]Table 2. Simulation assumptions
	Carrier frequency
	700 MHz

	Bandwidth
	20 MHz (100 RB)

	Channel
	TDL-C 363ns, 3 km/h

	TTI length
	subslot 

	MCS
	32 bytes data payload
MCS 1 

	Transmission mode
	1TX, 2RX, 1-layer RX diversity

	Channel estimation
	practical

	Transmissions
	2 and 3 (Automatic repetitions without HARQ). RV0 used re- transmissions.
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