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1 Introduction
At RAN2#68bis, two main candidates, the contention based uplink [1] and sharing PUCCH-SR [2], were presented for latency reduction. In this paper, we compare the latency reductions achieved by the two proposals.

2 Comparison of schemes
In the following, we make a comparison between the two proposals, similar to the comparison shown in [2]. The comparison is summarized in a table later in this section. 
PUCCH efficiency

The PUCCH resource is a limited uplink resource. In Rel-9, the capacity of PUCCH is 36 users per resource block pair. For example, if 180 users are to be supported with low latency, a SR periodicity of 1 ms to all of the users can be configured. In the Rel-9 baseline, this would mean a PUCCH overhead of 5 resource block pairs. According to [2], the same SR configuration could be supported for 216 users by using only 3 resource block pairs, by sharing one PUCCH SR resource between two users with the use of format 1a. On the other hand, if contention based uplink access is used, a longer SR period can be configured to the users, say 5 ms, since the Contention Based access lowers the SR utilization. The longer SR period of 5 ms would allow supporting 180 users with only 1 resource block pair while still lowering the latency significantly.
Latency reduction

The 1ms SR periodicity was introduced in Rel-9. The resulting latency with a 1ms SR periodicity is 9.5 ms, as was shown in [2]. In comparison, the latency for the contention based uplink transmissions is 5.5 ms, which is 4 ms shorter than for the Rel-9 baseline and would correspond to a 40% improvement.
PUSCH collision probability

A PUSCH collision happens when two or more users transmit using the same uplink resources. In [2], two different options to realize the PUCCH-SR sharing are proposed. The first solution leads to PUSCH collision whenever there is a collision on PUCCH which is not detected by the eNB. The second solution only leads to collisions on PUCCH, but never on PUSCH. The contention based uplink proposal leads to collisions on PUSCH whenever more than one user uses the same CB grant. The probability can, however, be lower by introducing mechanisms to estimate the likelihood of a collision either in the UE or in the eNB, or by issuing several CB grants.
Standard impact
The sharing PUCCH-SR solution would impact mainly the RAN1 specifications, especially affecting the PUCCH formats. Limited changes are claimed to be needed in the RAN2 specification. In comparison the, contention based uplink access can be defined to a large extent in the RAN2 specifications. Mainly the MAC specification would be impacted. Only very limited impact on RAN1 specifications is anticipated. 
	Comparison aspect
	Contention Based Uplink
	Sharing PUCCH-SR

	PUCCH efficiency
	Less PUCCH resource consumed than Rel-9 baseline, since longer SR periodicities can be used without harming latency.
	PUCCH resource can be shared among two or more UEs. Allows more users to have a short SR period.

	Latency reduction
	40% compared to Rel-9 baseline
	0% compared to Rel-9 baseline

	PUSCH collision probability
	Depends on number of users using the same CB grant. Can be kept low.
	Depends on SR collision probability. Can be kept low.

	Standard impact
	RAN2: medium

RAN1: low
	RAN2: low

RAN1: medium


As can be seen, the proposal of sharing the PUCCH-SR is mainly a solution to increase the PUCCH capacity and thus the number of users that could be allocated a shorter SR periodicity. The proposal does not have impact on UP latency when compared to Rel-9, and has only a very small impact on RAN2 specifications. 
Using format 1a on PUCCH for sharing the SR resource would allow two users to share the same resource. However, it is not clear that using format 1b would allow sharing between four users due to loosing orthogonality in the sequences. This should be clarified further.
The contention based uplink proposal, can reduce the latency from the Rel-9 baseline by 40% in the best case. The contention based uplink can also be combined with any SR periodicities, so the two proposals are not necessarily ruling each other out. 
In a separate contribution, we provide a more complete overview of the contention based uplink proposal to be adopted as the basis for the latency improvement work in this work item [3]. 
3 Conclusions

In this paper, the two main proposals discussed in RAN2#68bis are compared. It is concluded that the contention based uplink proposal reduces latency from the Rel-9 baseline, whereas the sharing PUCCH-SR proposal allows more users to be configured with a 1 ms SR periodicity. 
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