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Introduction
In this contribution, we discuss various aspects of Semi-Persistent Scheduling (SPS) for NB-IoT UEs. According to the WID[1] for Rel-15 NB-IoT there is a need to investigate if SPS can help reduce power consumption and latency for NB-IoT or as it is stated in the WID:

	Further latency and power consumption reduction
Power consumption reduction for physical channels
Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]




[bookmark: _Ref178064866]In RAN1#92 meeting, RAN1 made the following working assumption regarding scheduling request (SR) design. However, no agreements regarding SPS were made in RAN1#92. 
“
Working assumption
Physical-layer SR with and without HARQ-ACK transmission is supported. 
· When SR is transmitted with HARQ-ACK:
· Option 3 is adopted;
· SR on/off is carried by two orthogonal length-16 cover codes on ACK/NACK data symbols. 
· [1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1] is used to signal SR OFF.
· [1 -1 1 -1  1 -1  1 -1 1 -1 1 -1  1 -1  1 -1] is used to signal SR ON.
· When SR is transmitted without HARQ-ACK
· FFS whether it is transmitted in NPUSCH resources or reserved NPRACH resources.
· FFS whether BSR is conveyed on SR without HARQ-ACK
Note that companies are encouraged to provide evaluation results based on the agreed criterion, which are considered when confirming the WA. 

” .
In RAN2#99bis the outcome of the SPS email discussion was the treated and the following was agreed:
· 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). 

In RAN2#101 the following was agreed related to this topic:
· 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). 

From RAN2 agreements we can see that RAN1 needs to study whether UL SPS can be used for SR/BRS reporting. In this contribution, we further discuss this issue. 
Discussion
Data arriving in the UE UL buffer will trigger a Scheduling Request (SR). In LTE, UEs in RRC_CONNECTED have a dedicated PUCCH resource in which Scheduling Request can be sent (SR). The Scheduling Request does not contain any information and it is just an indication to the network that the UE has data to transmit. However, the eNB will know the UE-identity from the unique periodic resource used, and the eNB will then typically provide an UL grant to the UE which is at least big enough for the UE to transmit a Buffer Status Report (BSR), and possibly some user-plane data. If the UE is in RRC_IDLE, or does not have a dedicated PUCCH resource, the SR will instead trigger a random access procedure. (More details about SR in legacy LTE can be found in section 10.1.5 in TS 36.213, section 5.4.4 in TS 36.321 and section 6.3.2 in TS 36.331). For Rel-13 NB-IoT, short lived connections and a stripped-down design was the main focus and hence subsequent traffic in RRC_CONNECTED was not prioritized and dedicated SR was not supported. However, in Rel-15 the intention is to support more diverse traffic scenarios and to reduce latency and UE power consumption. Therefore, studying SR in RRC_CONNECTED, when UEs are in uplink synchronization, is one of the included WI objectives.
Using UL SPS for SR/BSR is one of the alternatives to dedicated SR for the UE in connected mode to require UL resources. In this paper, we compare the two solutions based on the agreed RAN1 evaluation assumptions.  
Overview
In LTE, the PDCCH (NPDCCH in NB-IOT) carries the allocation information for both the downlink and uplink shared channels, PDSCH and PUSCH, respectively. Each allocation is carried as Downlink Control Information (DCI) and the size of the DCI depends upon several factors including whether it is for uplink or downlink. The main motivation for introducing SPS in Rel-8 was an assumption that the limited size of PDCCH (generally, 3 OFDM symbols) would limit the number of VoLTE users in a cell. With only 3 symbols there is a limit in how many DCIs that can be carried in a subframe (1 ms), which in turn limits the number of UEs that can receive an allocation. With SPS, the UE is pre-configured by the eNB with an SPS-RNTI and a periodicity. Once pre-configured, the UE receives an allocation (DL or UL) using the SPS-RNTI which is repeated according to the pre-configured periodicity. During an SPS allocation (one DCI) some characteristics of the allocation do not change, such as RB assignment and MCS. If the radio conditions change a lot a new DCI with other allocations is needed. 
In dynamic scheduling there is a one-to-one mapping between PDSCH and PDCCH transmissions.  The gain with SPS in the DL is that one grant (DCI) can be followed by a number of PDSCH transmissions, thus reducing the number of required PDCCH transmissions. One could consider different ways to implement SPS, e.g. a grant is followed by a fixed number of PDSCH transmissions or a grant is valid until some message stops the transmission (like for legacy LTE). 
For legacy LTE, the use of SPS not only has the potential to increase allocation capacity, but power consumption is also reduced with the use of SPS. For dynamic scheduling in the UL the UE must listen (i.e. no DRX) until a grant has been received. By applying SPS grants the need for SRs is reduced and hence the UE may enter DRX for longer time. 
Therefore, if SPS is introduced in NB-IoT and similar mechanism in LTE is kept for SPS, we foresee limited RAN1 impacts. The RAN1 impacts are limited to the DCI designs, and depends on the final design by RAN2. 
Observation 1	Depending on the final design on RAN1, the foreseeable RAN1 impacts if SPS is introduced in NB-IoT limits to the DCI design.
According to agreement in the introduction the solutions discussed for a UE in RRC_CONNECTED to request an uplink grant in case of data arrival is either a new physical layer signal for Scheduling request (PHY-SR) or the higher-layer solution of transmitting a regular Buffer Status Report in periodic SPS resources configured with skipUplink (HL-BSR). A full technical description of the latter can be found in our accompanying contribution R2-18xxxx. The legacy solution is that the UE triggers a Random Access in case of new data arrival, this and the two solutions above are illustrated in Figure 1.
[image: ][bookmark: _Ref510605365]Figure 1: Illustration of UL grant request using a) Rel-13 Random A, b) PHY-SR, c) HL-BSR.


As seen from Figure 1, in the PHY-SR solution the UE first transmits the SR and gets an UL grant to transmit the BSR. This is exactly the same as for the Rel-13 RA, but there would be no contention for the SR transmission and instead PHY-SR would instead consume a large part of the UL resources for UE-specific SR resources. 
Observation 2	PHY-SR has little or no advantage to Rel-13 RA; the number of messages exchanges are the same, but PHY-SR introduces a non-zero UL resources consumption.
The SPS grant is cancelled once the timeAlignmentTimer expires after which the UE reverts to using RA when an SR is triggered as agreed by RAN1 (“SR should only be used when an NB-IoT UE is in uplink sync in RRC connected mode”). The periodicity of scheduling SPS is determined by semiPersistSchedIntervalUL and the setting determines whether the effect is reduced latency or reduced UE power consumption. 
Comparison between UL SPS and dedicated SR
As mentioned above, another use case is using UL SPS to provide grants for transmitting BSRs. This is also discussed in [2]. When data arrives at the UL buffer this will trigger a (regular) BSR. In normal operation, a BSR will trigger a RA procedure to request uplink resources for transmission of the MAC CE. UL semi-persistent scheduling (SPS) could, however, be used for this. With the skipUplink-feature introduced in Rel-14, UEs would not have to transmit anything (i.e. padding) unless new data arrives in the UL buffer, triggering a BSR MAC BSR CE. By using SPS for transmission of BSR it is possible to reduce the number of RA attempts.
In this section, we compare the UL SPS based SR/BRS reporting and dedicated SR in details. For dedicated SR, periodic resources would also have to be introduced and would have to be defined if UE_ID is inherent from the physical resource used, e.g., the same as for LTE PUCCH, and how UE multiplexing would work. For HL-BSR the SPS framework is already in the specifications and it would be a minor impact to state that it should also be supported for NB-IoT.
Observation 3	Period PHY-SR resources would need to be defined and introduced in specification, whereas SPS is already there and would be straight forward to support also for NB-IoT.
Further, with legacy scheduling up to 48 UEs can be scheduled simultaneously, and therefore 48 UEs could be multiplexed in a periodic SPS resource for the HL-BSR solution. From our analysis in [2], this is very challenging at least for dedicated SR in NPRACH based solution.  For the NPUSH format 2 based dedicated SR solution, as the information carried by NPUSCH format 2 is very limited, it would actually better to transmit the BSR when the opportunity is given. 
Observation 4	Using UL SPS not only we can support more UEs at the same time to send SR/BSR but also reducing the signalling overhead by reducing the number of NPDCCHs. 
[bookmark: _Hlk510691065]Using Rel-13 NPRACH based SR as baseline, we calculated the UE power consumption for the dedicated SR and using SPS for SR/BSR reporting. Assuming the UE use full power for transmission, i.e., 200 mW/ms, and 100 mW/ms for receiving [3].  Inband deployment is assumed. The BSR is 1 byte, which means the smallest TBS is used for the BRS report in NB-IoT. No scheduling delays are assumed. We also assume for the UL SPS case the UE needs to monitor the NPDCCH to ensure that the SPS allocation is not cancelled by the network. This is the worst case assumption, as in practice, the UE can be configured to check the DL NPDCCH less often. The results are given in Table 1. 

[bookmark: _Ref510619920]Table 1 Energy consumption comparisons
	
	Baseline, Rel-13 NPRACH based SR  [mJ]
	Dedicated SR (NPRACH based solution) [mJ]
	Dedicated SR (NPUSH format 2 based solution) [mJ]
	UL SPS for SR/BSR [mJ]

	144 dB MCL
	4.8
	4
	2.8
	1.2

	155 dB MCL
	21
	17.8
	9
	7.4

	164 dB MCL
	132.7
	103.9
	88.5
	62.9



As we can see from the results, if UL SPS is used for SR/BSR, we can achieve 75%,  65%, and 53% energy saving comparing to the base line case for 144 dB MCL, 154 dB MCL, and 164 dB MCL, respectively. 
Therefore, based on the discussion above, we observed there is a great benefits of using UL SPS for SR/BSR comparing to the baseline case, as well as dedicated SR. 
[bookmark: _Toc489873609][bookmark: _Toc490039460]Using UL SPS with skipUplink for NB-IoT for use with regular BSR for the UE to require UL resource.
Conclusion
Based on the discussions, we have the following observations and proposals regarding SPS support in NB-IoT. 
Observation 1	Depending on the final design on RAN1, the foreseeable RAN1 impacts if SPS is introduced in NB-IoT limits to the DCI design.
Observation 2	PHY-SR has little or no advantage to Rel-13 RA; the number of messages exchanges are the same, but PHY-SR introduces a non-zero UL resources consumption.
Observation 3	Period PHY-SR resources would need to be defined and introduced in specification, whereas SPS is already there and would be straight forward to support also for NB-IoT.
Observation 4	Using UL SPS not only we can support more UEs at the same time to send SR/BSR but also reducing the signalling overhead by reducing the number of NPDCCHs. 
1.     Using UL SPS with skipUplink for NB-IoT for use with regular BSR for the UE   to require UL resource.
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