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1 Introduction

At RAN2 #91 in Beijing, RAN2 had agreed to capture semi-persistent scheduling (SPS) with support of shorter period and no padding transmission as one of solutions for latency reduction.
In this contribution, sharing of semi-persistent uplink resources among multiple UEs is discussed from the viewpoint of resource efficiency. In addition, issues arising when semi-persistent uplink resources are shared among multiple UEs are also addressed.
2 Discussion

2.1 Consideration to resource inefficiency in dedicated semi-persistent uplink resources
According to the agreement made at RAN2 #91 in Beijing, SPS can be utilized as latency reduction solution with the enhancements of supporting one TTI periodicity and skipping uplink grant in case of no available data for uplink transmission.
Recalling that a variety of applications and use cases are captured in the draft TR [1], it is natural to assume allocating semi-persistent uplink resources just as much as actually required is difficult in practice. In case of VoIP service for which SPS is designed, the period of uplink VoIP packet generation is fixed and thus we can easily allocate uplink resources just as much as needed based on information of the vocoder. However, such periodicity is hard to be observed in most of other applications and use cases captured in the draft TR.
When the arrival time of uplink data at UE’s transmission buffer is hard to be estimated in advance, it is inevitable to allocate more semi-persistent uplink resources for latency reduction than actually required. The extra semi-persistent uplink resources are not used for uplink data transmission and they will be wasted. Thus, latency reduction can be achieved at the expense of the extra semi-persistent uplink resources.
If the amount of allocated resources are smaller than actually required, more uplink resources should be requested, which is highly likely to result in increase in uplink latency. Therefore, one can easily think of allocating semi-persistent uplink resources just a little bit more than actually required.
At first glance, if the amount of wasted extra resources for a UE is considered to be small compared with attainable latency reduction, allocating more semi-persistent uplink resources than actually required is seems to be justified. However, even if the amount of wasted extra resources for a UE is not large, the total amount of wasted resource for all the UEs in the system may be large. Moreover, it should be noted that, based on the agreement made at RAN2 #91 in Beijing, semi-persistent uplink resource can be allocated in every single TTI. If we consider latency-sensitive applications which require semi-persistent uplink resources with 1 TTI periodicity for ultimate latency reduction and feature with sporadic uplink transmissions, allocating semi-persistent uplink resources with 1 TTI periodicity to a single UE causes waste of most of semi-persistent uplink resources.
Observation 1: Allocating semi-persistent uplink resource to a single UE may have a high probability of suffering from resource inefficiency for applications and use cases other than VoIP.
2.2 Sharing of the same semi-persistent uplink resources among multiple UEs
Observation of resource inefficiency inherent in utilizing dedicated semi-persistent uplink resources to reduce latency for those applications and use cases enumerated in the draft TR motivates us to come up with an idea of sharing semi-persistent uplink resources among multiple UEs.
However, with the existing standard, sharing semi-persistent uplink resources among multiple UEs are basically impossible due to the mandatory transmission of padding even when there is no available uplink data for transmission. Since semi-persistent uplink resources are always used by a UE to deliver either uplink data or padding, there is no unused uplink resource which can be shared with another UE.
Fortunately, based on the agreement made at RAN2 #91 in Beijing, a UE is now allowed to skip uplink transmissions if no data is available for transmission. Therefore, the unused semi-persistent uplink resources can be shared with another UE with the help of SPS with support of skipping uplink grant.
Observation 2: By enabling skipping of uplink grant, unused semi-persistent uplink resources can be used by another UE.
Resource efficiency has been recognised to be of crucial importance in the study on latency reduction techniques [1], [2]. As we mentioned earlier, for some applications and use cases, dedicate semi-persistent uplink resources may have a high probability of there being extra semi-persistent uplink resources which are not used for uplink data transmissions, which results in low resource efficiency. Without any doubt, if the extra semi-persistent uplink resources can be used for transmissions by other UEs, it will have a significantly positive effect on improving resource efficiency.
Proposal 1: Multiple UEs can share the same semi-persistent uplink resources when skipping of uplink grant is enabled.
2.3 Issues in sharing the same semi-persistent uplink resources among multiple UEs
Even though the recent agreement of allowing a UE to skip uplink grant enables multiple UEs to share the same semi-persistent uplink resources, there are issues concerning the sharing. A brief overview of those issues are enumerated below.
Identification of the transmitter
Even if an uplink data transmission is correctly received at the eNB, the eNB cannot identify the transmitter. A solution for identifying the UE of which transmission result is successful is required.
Feedback
From a UE’s perspective, whether the transmission is successful or not, a UE need to know the result of data transmission because it may have to try retransmission. From the view point of the eNB, there are 3 kinds of results associated with each semi-persistent uplink grant; success, failure, and silence, which refers to the case when the eNB successfully receives the uplink data transmission by a UE, when the eNB fails to receive the uplink data transmission(s) by a UE(s), and when there is no uplink transmission by any UEs, respectively. A feasible feedback scheme should take the 3 cases into consideration. In addition, considerations should be given to impact on the existing uplink HARQ feedback methodology of ACK/NACK on PHICH.
Collision
The decision on uplink transmission utilizing the shared semi-persistent uplink resources are actually made by a UE in a distributed way. There is no way that a UE can figure out the transmission of another UE in advance. Therefore, collision may occur when the same semi-persistent uplink resources are shared among multiple UEs and more than one UE tries to transmit uplink data in the same TTI.
If collision occurs, UEs will try retransmission which might be implemented by HARQ retransmission, RLC retransmission, or another retransmission methodology. Regardless of implemented retransmission methodology, retransmission itself is not desirable for latency reduction. Thus, there is a need to study how to reduce the probability of collision.
Retransmission
If retransmission caused by collision relies on the existing synchronous HARQ retransmission scheme, successive collisions may recur in the following retransmissions after initial transmission. It is because all the UEs trying retransmission have the same retransmission timing.
A backoff mechanism can be adopted to prevent successive collisions. Backoff is used to space out repeated retransmissions so that overlap of uplink transmissions from multiple UEs can be avoided. Basically, such avoidance of successive collisions by backoff is achieved at the cost of increased latency. Thus another mechanism other than backoff is needed to be investigated.
Observation 3: Sharing the same semi-persistent uplink resources among multiple UEs is accompanied by issues including identification of the transmitter, feedback, collision, and retransmission.
If RAN2 dives into discussion of above issues, a heated debate would break out and it would take much time to reach consensus on solutions for those issues. Note that only 1 TU is left until the finalization of RAN2 discussion in Nov. 
Proposal 2: Even though issues arise when multiple UEs share the same semi-persistent uplink resources, it is beneficial to postpone discussion on solutions for those issues and to save it for future work after the Rel-13 latency reduction SI.
3 Conclusion
In this contribution, focused on resource efficiency, we have discussed sharing of semi-persistent uplink resources among multiple UEs. Based on the discussion, we have following observations and a proposal. RAN 2 is kindly requested to discuss the following observations and to agree with following proposals.
Observation 1: Allocating semi-persistent uplink resource to a single UE may have a high probability of suffering from resource inefficiency for applications and use cases other than VoIP.
Observation 2: By enabling skipping of uplink grant, unused semi-persistent uplink resources can be used by another UE.
Observation 3: Sharing the same semi-persistent uplink resources among multiple UEs is accompanied by issues including identification of the transmitter, feedback, collision, and retransmission.
Proposal 1: Multiple UEs can share the same semi-persistent uplink resources when skipping of uplink grant is enabled.
Proposal 2: Even though issues arise when multiple UEs share the same semi-persistent uplink resources, it is beneficial to postpone discussion on solutions for those issues and to save it for future work after the Rel-13 latency reduction SI.
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