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Introduction
[bookmark: _Ref421460494]In RAN 1 #90 meeting, it was agreed:
RAN1#90 agreements:
· If SPS is supported in NB-IoT, at least the following physical layer aspects need to be further studied, considering the objective to reduce UE power consumption:
· DCI format(s), size(s), and purpose(s)
· Reduction of NPDCCH monitoring occasions 
· Retransmission scheme(s) for UL and DL.
· Activation/release mechanism(s)
· Issues between SPS and dynamic scheduling
· What baseline should be used to compare SPS to

In RAN 2 #99bis, it was agreed that
From R2 perspective it seems feasible to design SPS as an alternative to PUCCH for D-SR (+BSR) in connected mode. However there may be performance differences between SPS and Physical Layer solution, e.g. overhead, which will not be evaluated in R2. 
R2 leave it to R1 to decide what to do, e.g. whether to develop a physical channel for D-SR, or request R2 to develop a SPS solution for D-SR (+BSR). 

We support SPS for SC-PTM (note that there would be differences to legacy unicast SPS)

In RAN 2 # 101, it was agreed that
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 paper, the potential benefits of the UL SPS for BSR in NB-IoT are discussed, as well as some RAN 1 aspect to support SPS for SC-PTM. 
Semi-persistent scheduling for NB-IoT
LTE introduced semi-persistent scheduling to reduce PDCCH overhead, especially for VoLTE service, which is characterized by regularly occurring transmission of relatively small payloads. eMTC also support SPS for both UL/DL for mode A for similar scenario. 
In SI phase for in GERAN, semi-persistent scheduling had been proposed. For example, in [1], semi-persistent scheduling for metering reports was proposed, which are characterized by regularly occurring reports of relatively small payloads. It was also observed that semi-persistent scheduling in the CIoT systems is beneficial in terms of reducing RACH collision and signaling overhead, and hence reducing power consumption to achieve longer battery life. 
For NB-IoT system, similar benefits can be expected with SPS used for periodical small data report. An example is buffer status report based on SPS. Compared with scheduling request, BSR can carry more information than 1 bits SR, which is very usefully for eNB to schedule a proper grant for uplink transmission. In NB-IoT, BSR is triggered by random access procedure since there is no equivalent PUCCH. If SPS-based BSR can be supported, there is no need to go through RACH procedure, which means almost half of the whole procedure for UL data report, shown as Figure 1. Naturally, power consumption reduction can be expected.
Observation #1: Support SPS-based BSR for NB-IoT can reduce signaling overhead in RACH procedure and UE power consumption.

[image: ]
Figure 1 Data and signalling flow used to model NB-IoT Release 13 RRC Resume battery performance [6]
On the other hand, RAN 1 was agreed on a working assumption to support dedicated SR and FFS FFS whether BSR is conveyed on SR without HARQ-ACK. Compared with report BSR in PUSCH format 1(as data) and PUSCH format 2 (UCI), one different is if there is that, if BSR conveyed on dedicated SR, no CRC will be added. Otherwise, it is very similar as UL SPS for BSR/SR. However, without CRC, the reliability is not expected to be very good. Or in another word, in order to achieve the similar reliability as data channel with HARQ retransmission, more resource may be used. Considering the collision issue pointed out in [2], it is quite hard to support BSR conveyed on SR with more resource overhead. However, if BSR is not conveyed on SR, since eNB doesn’t know the BSR of the UE, it is hard for UE to choose a proper TBS. Usually, eNB will send an UL grant to UE for BSR report. In this case, there is no benefit to support dedicated SR without BRS. 
Observation #2: It is not reliable to support BSR conveyed on SR without HARQ-ACK.
Observation #3: Without BSR covered on SR without HARQ-ACK, there is no benefit of support dedicated SR compared with UL SPS for BSR/SR.
Since TBS for BSR is fixed, it is easy to pre-configure a physical resource for the report. In order to minimize the overhead of control signaling, UE is not expected to transmit zero BSR with padding bits when no uplink data is arrived. When new data arrives, UE generates a BSR signaling and transmit it in the following SPS-based UL resource. 
Proposal #1: Support of semi-persistent scheduling for BSR in NB-IoT. When BRS is 0, UE can skip the SPS transmission. 
SPS for SC-PTM
RAN 2 agreed to support SPS for SC-PTM. Similar as the support of SPS in LTE, new RNTI(s) shall be introduced, i.e., SPS G-RNTI and SPS SC-RNTI. The configuration of for DL SPS for SC-PTM can be configured in SIB20 together with other configuration for SC-PTM. Similar as LTE DL SPS, an activation DCI is needed. For DCI format N2, there is no spare bit, therefore, as long as UE received a DCI format N2 scrambled by SPS SC-RNTI, UE can assume the DL SPS for SC-PTM is activated. Further study on if DCI for deactivation of SPS for SC-PTM is needed, and if needed, how to design DCI for deactivation.
Proposal #2:  SPS G-RNTI and SPS SC-RNTI are introduced to support SPS for SC-PTM.
Proposal #3: Necessary configuration of SPS for SC-PTM is configured with other SC-PTM configuration in SIB 20.
Proposal # 4: Further study if DCI for deactivation of SPS for SC-PTM is needed. 
Conclusion
In this contribution, the potential benefits of the UL SPS for BSR in NB-IoT are discussed, as well as some RAN 1 aspect to support SPS for SC-PTM. 
We observed:
Observation #1: Support SPS-based BSR for NB-IoT can reduce signaling overhead in RACH procedure and UE power consumption.
Observation #2: It is not reliable to support BSR conveyed on SR without HARQ-ACK.
Observation #3: Without BSR covered on SR without HARQ-ACK, there is no benefit of support dedicated SR compared with UL SPS for BSR/SR.
Based on the observations and analysis, we proposed:
Proposal #1: Support of semi-persistent scheduling for BSR in NB-IoT. When BRS is 0, UE can skip the SPS transmission. 
Proposal #2: SPS G-RNTI and SPS SC-RNTI are introduced to support SPS for SC-PTM.
Proposal #3: Necessary configuration of SPS for SC-PTM is configured with other SC-PTM configuration in SIB 20.
Proposal # 4: Further study if DCI for deactivation of SPS for SC-PTM is needed. 
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