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Introduction
[bookmark: _Toc510688182][bookmark: _In-sequence_SDU_delivery]At the RAN plenary, the scope of the URLLC work item was refocused to 
	· Second priority (best effort only): Repetition enhancements for UL SPS operation (RAN1 led)
· Finalise details of RAN1 & RAN2 agreements to support UL SPS repetition configuration (both sTTI and TTI)



In this contribution, we discuss the UL SPS performance and need for repetition. RAN1 agreed on the RRC configuration of the repetition factor for UL SPS [1]. The following was agreed  in RAN1#92.
	Agreement:
Q values used for PUSCH for macro scenario is 2.5 dB. 
Note: The Q value used was derived based on an average of interference over time with the nodes in the network using a proportional fair scheduler.
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 



Discussion 
PUSCH link level performance for UL SPS
To identify if any improvement techniques are needed, the link performance of subslot PUSCH has been evaluated. The most challenging scenario among the agreed ones was found to be TDL-C 363ns delay spread and 3km/h UE speed. Simulation assumptions are listen in the Annex.
For uplink SPS further improvement by uplink repetitions has been requested. Figure 1 shows the results of 2-os length subslot PUSCH for the TDL-C 363 ns channel and with MCS1. We see that the BLER of 10-5 can be reached at a SNR below 2.5dB. 
[bookmark: _Toc510794049]The target of 10-5 BLER can be reached with one-shot subslot PUSCH transmission at the targeted SNR.
Figure 1 also shows that the technique of transport block repetition can increase the reliability and improve the link-level performance. There is around 3 dB gain in SNR for the second transmission and less than 2 dB gain for the third transmission at BLER 10e-5.
Figure 2 shows the results of 3-os length subslot PUSCH for the TDL-C 363 ns channel. Similar to 2-os subslot PUSCH, we see that the technique of transport block repetition can increase the reliability and improve the link-level performance for 3-os subslot PUSCH. There is about 3 dB gain in SNR for the second transmission and around 1 dB gain for the third transmission at BLER 10e-5.
[bookmark: _Toc510694755][bookmark: _Toc510698935][bookmark: _Toc510794050]Transport block repetition for 2-os short TTI provides around 3 dB gain for the second transmission and less than 2 dB for third transmission.
[bookmark: _Toc510694756][bookmark: _Toc510698936][bookmark: _Toc510794051]Transport block repetition for 3-os short TTI provides around 3 dB gain for the second transmission and around 1 dB gain for the third transmission.

[image: ]
Figure 1 BLER performance of subslot with sTTI length=2 and repetition in TDL-C 3km/h, for MCS 1.
[image: ]
Figure 2 BLER performance of subslot with sTTI length=3 and repetition in TDL-C 3km/h, for MCS 0.
TB repetition for SPS UL
According to RAN2 agreement, the number of repetition K within a repetition sequence for UL SPS is configured over RRC. According to the RAN1 agreements, 
1. a UE can start the initial transmission of a TB within the repetition sequence at any (s)TTI.
2. RAN1 should focus its effort on designing a UL SPS repetition framework that guarantees K repetitions.

[bookmark: _GoBack]This leads to the desired behaviour depicted in Figure 3. To both achieve the lowest delay until a packet is transmitted in UL and improve reliability, the UL SPS repetition scheme should allow the UE to transmit a packet as soon as it is ready and repeat it K times.  
[image: C:\Users\elaefal\Desktop\Picture4.emf]
Figure 3	Desired behaviour of an UL SPS repetition scheme for K=4
HARQ ambiguity resolution scheme
With the desired behaviour depicted in Figure 3 it is not clear from the TTI where the UE transmits if the transmission is the initial transmission of a new TB or if it is the repetition of an earlier TB. 
 HARQ ambiguity arises when the data is received at the eNB so that it does not know the associated HARQ process ID. This is the case when the transmission of a packet (initial or repetitions) overlap with the transmission opportunity window of another packet. In UL SPS with repetition, this happens when the combination of transmission period, starting position and number of repetition is such that the end of the transmission including all repetitions is located in a different transmission window than the initial transmission window.  
To resolve the ambiguity, in one approach, one can explicitly send HARQ process ID in UCI. This method requires several bits of information as UCI. 
[bookmark: _Toc510794052]Transmitting HARQ process ID to eNB increases signalling in UCI. 
Instead of explicitly including a field that identifies the HARQ process ID (associated with any given data packet) in the encoded data, it can be implicitly derived based on known information, such as where the transmission occurred.  In the MAC specification (TS 36.321), there already exists a TTI to HARQ process ID mapping formula calculation rule, that is (edited here for readability), “HARQ Process ID = CURRENT_TTI modulo numberOfSPS-Processes”.  This formula can be extended in the MAC spec to incorporate repetition, e.g., “HARQ Process ID = [floor(CURRENT_TTI/NumberOfConfiguredRepetition)] modulo numberOfSPS-Processes” [3] where CURRENT_TTI is the TTI with the initial transmission. This approach alleviates the PHY layer burden to signal the HARQ process ID explicitly and can be taken care of by RAN2.  The remaining issue is to identify the starting position of a K repetition sequence. 
One way is to use the DMRS cyclic shift to identify the starting position of a K repetition sequence. The number of CS needed to solve the ambiguity is equal to Log2(K) where K is the number of repetitions. The CS sequence allocated over the K repetitions is designed to allow separation/differentiation between different starting positions of the K repetition sequence and also consequently to distinguish the process ID being assumed in the transmission of any given K repetition sequence.
[bookmark: _Toc510694760][bookmark: _Toc510698940][bookmark: _Toc510794053]The repetition window and the HARQ process ID can be identified by using sequences of DMRS symbols where the selected CS for each sequence minimizes the CS overlap of repetition windows with different starting positions.
An example is shown in Figure 10 where K=4. The DMRS can take value X or Y and the starting granularity is equal to a single transmission duration, i.e. the repetition can have four different starting positions.
[image: ]
Figure 10: Example of DMRS allocation with K=4 and 2 CS values used (X and Y)
[bookmark: _Toc510694754][bookmark: _Toc510698947][bookmark: _Toc510794035][bookmark: _Toc510796086]Different cyclic shifts (CSs) in DMRS are used to distinguish the HARQ process ID.

Missing agreement regarding system-level assumption for deriving Q value for PUSCH
In RAN1#91, the following working assumption was made to derive the Q value for PUSCH from system-level simulations.
Working assumption:
For system level simulations, the system bandwidth on the UL is equally split between the number of UEs simulated. Each UE in each TTI/sTTI will be allocated 10 RBs (assuming 10 UE per sector and 100 RB system bandwidth) in a round-robin fashion.
· Note: This does not impact the RB allocations assumed for the link level simulations

In RAN1#92 the following agreement was made regarding the Q value for PUSCH obtained from system-level simulations.
Agreement:
Q values used for PUSCH for macro scenario is 2.5 dB. 
Note: The Q value used was derived based on an average of interference over time with the nodes in the network using a proportional fair scheduler.

It is proposed to make an official agreement based on the working assumption and the decision taken in RAN1#92 regarding the Q value for PUSCH.
[bookmark: _Toc510796087]For system level simulations, the system bandwidth on the UL is equally split between the number of UEs simulated. Each UE in each TTI/sTTI will be allocated 10 RBs (assuming 10 UE per sector and 100 RB system bandwidth) in a proportional fair fashion.
[bookmark: _Toc510796088]Note: This does not impact the RB allocations assumed for the link level simulations

Conclusion
In section 2 we made the following observations:
Observation 1	The target of 10-5 BLER can be reached with one-shot subslot PUSCH transmission at the targeted SNR.
Observation 2	Transport block repetition for 2-os short TTI provides around 3 dB gain for the second transmission and less than 2 dB for third transmission.
Observation 3	Transport block repetition for 3-os short TTI provides around 3 dB gain for the second transmission and around 1 dB gain for the third transmission.
Observation 4	Transmitting HARQ process ID to eNB increases signalling in UCI.
Observation 5	The repetition window and the HARQ process ID can be identified by using sequences of DMRS symbols where the selected CS for each sequence minimizes the CS overlap of repetition windows with different starting positions.

Based on the discussion in section 2 we propose the following:
Proposal 1	Different cyclic shifts (CSs) in DMRS are used to distinguish the HARQ process ID.
Proposal 2	For system level simulations, the system bandwidth on the UL is equally split between the number of UEs simulated. Each UE in each TTI/sTTI will be allocated 10 RBs (assuming 10 UE per sector and 100 RB system bandwidth) in a proportional fair fashion.
Note: This does not impact the RB allocations assumed for the link level simulations
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Annex
Link-level simulation assumptions
Table 3 Simulation assumptions
	Carrier frequency
	700 MHz

	Bandwidth
	20 MHz (100 RB)

	Channel
	TDL-C 363ns

	TTI length
	subslot (2-os TTI) and subslot (3-os TTI)

	MCS
	MCS 0 and 1. payload size=256 bits (32 B)

	Transmission mode
	1 TX;  2 RX

	Channel estimation
	practical

	Number of Transmissions
	1 , 2 , 3  HARQ-less repetition
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