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1. Introduction
In RAN2#91, the following agreements are achieved to reduce the latency via SPS configuration [1]: 

· It is beneficial to allow UEs to skip (most) dynamic and configured uplink transmissions if no data is available for transmission (the UE still sends the regular MAC CE, if any). The eNB may enable this by RRC dedicated signaling

· A shorter SPS interval (1 TTI) should be supported

In RAN#71, a new work item on L2 latency reduction techniques for LTE was approved [2], and one of the objectives was as follow: 

· Introduction of short SPS period to allow UL prescheduling

Regarding to objective of introducing short SPS period, some open issues still need to be discussed. In this contribution, we will discuss the issue on the SPS resource efficiency when a shorter SPS period and UL skipping are configured.

2. SPS resource efficiency issue
2.1 Low resource efficiency with short SPS period
To reduce the latency of UL data transmission, a shorter SPS period (e.g. 1 TTI) will be configured for delay-sensitive UEs. Also, a UE is allowed to skip its SPS opportunities if no UL data is to be transmitted. For an SPS UE, its skipped UL resources are wasted. The SPS resource efficiency is quite low, especially for delay-sensitive UEs with infrequent UL data. Shorter SPS period configuration achieves excellent latency performance, but the low resource efficiency greatly limits the capacity of the cell. The short period SPS is required to be enhanced for high resource efficiency.
Proposal 1: RAN2 is respectively asked to discuss the SPS resource efficiency issue when short SPS period is configured.

2.2 Trade-off between latency performance and resource efficiency
If some delay-sensitive UEs with infrequent UL traffic exist in the cell, the 1 TTI interval SPS configuration occupies a large amount of radio resources. The skipping method wastes most of the UL SPS resources when UEs have no UL data. On the contrary, the radio resource for non-SPS UEs will be scarce. Considering the case in the high load cell with both delay-sensitive UEs and normal UEs, the trade-off between latency performance and resource efficiency is a better option to improve most users’ experience. Two alternatives are presented to achieve this trade-off as follows:
· Alternative 1: Sharing SPS resources in contention based manner
To reduce the waste of SPS resources due to skipping UL transmission, one alternative that shares SPS resources in a contention based manner among multiple UEs is proposed in [3]. Multiple UEs can be configured with shared SPS resources with a 1 TTI interval. The probability of UL resource waste is relatively low compared to the exclusive SPS resource configuration. But the UL collision of two UEs in the same TTI due to choosing the same SPS resource is the bottleneck of the contention based alternatives. When the collision happens, not only the UL resources are wasted due to interference, but also the low latency is not guaranteed. Also, contention based manner is considered by RAN2 as the low priority option in the latency reduction study item. 
· Alternative 2: Reusable SPS resources configuration

In this alternative, some of the configured SPS resources are allowed to be withdrawn and re-allocated to other UEs by eNB. The SPS resources can be shared between SPS UEs and non-SPS UEs, scheduled by the eNB rather than in a contention based manner. The SPS resource collision of multiple UEs in the same TTI can be avoided. 
To achieve the resource sharing between SPS UEs and non-SPS UEs, the configured SPS resources are deactivated by default, and can be allocated to other non-SPS UEs if necessary. In some TTIs when SPS UE has no UL data, its SPS resources are allowed to be reused by other non-SPS UE, without any resource waste.
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Fig.1: Reusable SPS resources configuration and indication
In this alternative, the eNB may schedule the SPS resource of subframe n+4 to other non-SPS UEs, shown in Fig. 1. A new PDCCH indicator can be introduced at subframe n to inform the SPS UE whether its resource of subframe n+4 is allocated to other UEs or not, e.g. the SPS activation indication to subframe n+4.
When there is new data arrival at subframe n, according to the PDCCH indication, the SPS UE will directly use the available SPS opportunities to transmit UL data, if any, until subframe n+4. Otherwise, the SPS UE transmits SR to eNB at subframe n+1. Upon the reception of SR, eNB will not allocate the SPS resource of subframe n+6 to other UEs, taking into consideration the high priority of the SPS UE. An eNB indicates to the UE to directly use the SPS opportunity at subframe n+6 for UL transmission by PDCCH indicator.
Regarding to the latency performance of this alternative, when the network load is relatively low, the eNB does not need to withdraw SPS resources and allocate to non-SPS UEs. In this case, almost all the configured SPS opportunities are available. Hence, the least latency is the same as the legacy one TTI interval SPS configuration. When the network load is extremely high, one SPS UE may not find any available SPS opportunity before subframe n+6, since most of the configured SPS resources are re-allocated to other non-SPS UEs. In this case, SPS UE can transmit UL data at subframe n+6, resulting with its worst latency performance but still better than the legacy SR procedure.
Therefore, this reusable SPS resources configuration is one better trade-off between latency performance and resource efficiency.
Proposal 2: To improve the resource efficiency, it is proposed that some of the SPS resource configured to one UE are allowed to be withdrawn and re-allocated by eNB to other UEs, via PDCCH indicator.
3. Conclusion

In this contribution, we discussed the SPS resource efficiency issue with shorter period and presented two alternatives to achieve the trade-off between resource efficiency and latency performance. We propose:
Proposal 1: RAN2 is respectively asked to discuss the SPS resource efficiency issue when short SPS period is configured.

Proposal 2: To improve the resource efficiency, it is proposed that some of the SPS resource configured to one UE are allowed to be withdrawn and re-allocated by eNB to other UEs, via PDCCH indicator.
References

[1] R2-154032, report_RAN2_91_Beijing_v3.0.doc
[2] RP-160667, WI for L2 latency reduction techniques for LTE, Ericsson

[3] R2-154554, Further Discussion on SPS with Consideration to Resource Efficiency, ETRI 
PAGE  
- 1 -

_1524638749.vsd
�

Not to withdraw SPS upon SR


n-1


n


n+1


n+3


n+4


n+5


n+6


...


data arrival


SR


UL Tx


n+2


UL Tx


PDCCH
indicator


PDCCH
indicator


UL Tx



