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1 Introduction

In [1], one objective of the WID is to study and, if found beneficial, introduce support for semi-persistent scheduling (SPS). In RAN2#101, it was agreed –

· Will not support Connected mode SPS for Rel-15, except for UL SPS for SR/BSR if RAN1 requests this (as earlier indicated in LS).

· Will not support Idle mode SPS for Rel-15
In this contribution, we present SPS analysis and discuss potential ways to support this feature.

2 SPS for SC-PTM
In [4], detailed analysis of SPS benefits have been provided. The benefits are briefly summarized here with respect to latency, power consumption, and overhead reduction.
· Latency reduction: In NB-IoT, UE can only be scheduled every T ms where T=G*Rmax. To reduce power consumption, the network may configure a large G value. This would limit the length of time between scheduling intervals. With SPS, the latency can be reduced as UE can transmit and/or receive without having to wait for scheduling opportunities. This is especially true for use cases that may not require retransmission like broadcast. The network can disable retransmission simply by setting the maximum number of HARQ transmission to one.
· Power consumption reduction: Several approaches to using SPS to reduce power consumption are possible. One approach is to configure large G value and relying on SPS for more frequency transmission and/or reception. This would work well in cases where retransmission is not required. Another could be to use SPS without retransmission of HARQ feedback, which would reduce the number of times UE would need to monitor the NPDCCH.

· Overhead reduction: There are many use cases for NB-IoT that can benefit from SPS. The most promising case is software/firmware upgrade where the total size can be very large (e.g. a few Mbytes), requiring many UDP/IP packets. Although this type of transmission may be best suited for multi-cast, it would be done using unicast for UEs that do not support SC-PTM or when the number of UEs receiving updates is small. Other possible use cases that would benefits from SPS are billboards and displays where the network will periodically transmit updated information to the UEs (e.g. stock tickers, billboard advertisement, pricing, traffic, etc). In this case, data will be refreshed at a periodic interval. This interval may be e.g. every few seconds or minutes. In this case, the network is likely to use the same TBS for the updates as the type of information is the same. Furthermore, MCS adaptation may not possible as the update frequency is not fast enough. Therefore, SPS with long scheduling interval can be beneficial.
Although SPS is quite beneficial, it has been agreed in RAN2#101 to not support connected mode and idle mode SPS for Rel-15. However, as discussed earlier, one good use case for SPS is firmware update which can benefit from using multicast transmission when there is a large number of UEs in the cell receiving service. In SC-PTM, each transport block of the session will likely use the same MCS level, TBS, and repetition number based on the performance target desired by the eNB. Thus, there is no reason to transmit NPDCCH on every scheduling instance. For instance, numerical results show that approximately 256 repetitions are needed to transmit both the NPDCCH and NPDSCH (using 10 RUs) at 164 dB MCL. This means that the NPDCCH overhead is 10% in this case. Even at 144 dB MCL, the NPDCCH overhead is around 5%. Thus, reducing the NPDCCH overhead can lead to significant saving in downlink resources. Therefore, it is proposed to support SPS in SC-MTCH.
Proposal 1: Support SPS for SC-MTCH.

3 Uplink SPS for SR/BSR
In RAN2#101, it was decided not to support connected mode SPS for Rel-15, except for UL SPS for SR/BSR if requested by RAN1. In RAN1#92, however, it was agreed as a working assumption to support dedicated SR. This dedicated SR will use NPRACH region and signal. This can be done, for example, by using dedicated preamble from a pool of reserved preamble.

From an overhead point of view, SR based on NPRACH preamble occupies 3.75 kHz for 6.4ms convey one bit of information. It is also based on on/off signaling, so most of the time there is no transmission on the NPRACH, hence so potential intra-cell or inter-cell interference. On the other hand, the smallest TBS for NPUSCH conveys 16 bits of information plus CRC and the smallest allocation possible would be 3.75 kHz for 32ms. For UE in poor radio conditions, significant longer transmission will be needed as the UL NPUSCH need to convey 16 information bits + CRC. Thus, a lot of resource need to be reserved for UL SPS for SR/BSR.
Note that, for UE, UL SPS for SR/BSR only requires transmission when there is pending SR/BSR via the SkipUplink feature. However, the eNB would always need to do detection of the NPUSCH. This detection may be more complicated than for NPRACH preamble detection.

One advantage of using UL SPS is that the BSR can be conveyed right away. However, this benefit is not worth always reserving the uplink resource for UL SPS. Therefore, it is proposed not to support UL SPS for SR/BSR.

Proposal 2: Do not support uplink SPS for SR/BSR.
4 Conclusions

In this contribution, we consider semi-persistent scheduling and make the following proposals –
Proposal 1: Support SPS for SC-MTCH.

Proposal 2: Do not support uplink SPS for SR/BSR.
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