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Introduction
In our paper [1] we discuss the general aspects on NB-IoT SPS and the use cases which it can address. In this paper we discuss one of identified use cases of interest, that of large unicast file transfers, and some more technical aspects of SPS which require separate treatment for NB-IoT UEs in RRC_CONNECTED mode.
[bookmark: _Ref178064866]Discussion
The typical applications for semi-persistent scheduling (SPS) are e.g. streaming voice and video, but the throughput of NB-IoT is too low to support such applications. However, due to the TBS limitation for NB-IoT UEs, 680 bits in DL and 1000 bits in UL for Cat-NB1, larger unicast transmission require several NPDCCH transmissions to schedule the segmented TBSs. For example, assuming a 50% control signalling overhead (for simplicity), a 20 kByte uplink file transfer from a Cat-NB1 UE requires 320 NPDCCH transmissions for scheduling. The main purpose of SPS is to reduce the NPDCCH overhead and therefore SPS could be very useful for NB-IoT, especially considering that resources are scarce within in the narrow 180 kHz carriers.
SPS Multi-grant
The use case for SPS is somewhat different for NB-IoT compared to legacy LTE, that is reducing PDCCH overhead for segmented larger unicast transmissions (e.g. large uplink reports, non-real time voice/videos segments, billboard downloads, etc.) compared to reducing PDCCH overhead for periodic transmissions with TBS of the same size (e.g. VoIP). The most distinct difference is that the NB-IoT use case has a predefined end point. That is, if (ignoring overhead for simplicity) the UE reports an UL buffer status of 4000 bits to be transmitted this could be carried out in N=4 uplink transmissions with TBS of 1000 bits. Therefore, it is of interest to be able to indicate a pre-determined end point for NB-IoT SPS. For LAA, a multiple grant was introduced in 3GPP and in this case multiple dynamic DCIs are transmitted in one PDCCH. This very large DCI is possible for LAA since there is practically no bandwidth limitation. For NB-IoT the bandwidth is instead very limiting, and it is therefore feasible to include only the number of SPS resources before deactivation.
[bookmark: _Toc506381236][bookmark: _Toc506496130][bookmark: _Toc506520862]Indicate dynamically in DCI the number N of SPS resources before deactivation.
To minimize the number of wasted resources it would be good to indicate N with fine granularity. This should be possible since it would not be necessary to include very large values of N since in that case it is better to deactivate SPS dynamically using SPS C-RNTI as is done for legacy (see the next Section). That is,  the additional cost of a NPDCCH for deactivation is rather small for very large values of N. Note that regular SPS would simply be a special case with N configured to infinity, and what we propose is therefore one single SPS solution for NB-IoT which addresses all relevant use cases.
[bookmark: _Toc506496124][bookmark: _Toc506520851]Legacy SPS operation corresponds to setting N to infinity, and therefore one common SPS solution can address all relevant use cases.
Configuration & activation
In legacy SPS, SPS is first configured for the UE via RRC signalling. That is the UE is provided with an SPS configuration (including parameters like the semiPersistSchedInterval etc.) and from that point on the UE will monitor SPS C-RNTI in addition to the regular C-RNTI. SPS will later be activated by sending a DCI using the SPS C-RNTI. The UE will then repeat this UL grant or DL assignment according to the SPS configuration and semiPersistSchedInterval. The use of NDI for SPS is different from dynamic scheduling, NDI is set to 0 to activate/reactivate/deactivate the SPS transmissions, and NDI is set to 1 for a dynamic retransmission of an SPS transmission. This is why SPS C-RNTI is used for retransmissions, using C-RNTI the UE could not determine if this a retransmission for the SPS, an initial dynamic transmission, or a dynamic retransmission for something is missed. However, C-RNTI is still important to be able to “override” an SPS transmission due to an occasional transmission of higher priority, and C-RNTI could then be used to override the scheduling of one SPS occasion. SPS C-RNTI is also used to later deactivate SPS. Therefore, the UE needs to monitor C-RNTI and SPS C-RNTI simultaneously, but this should be acceptable since it is a minor additional effort if the DCI size is the same. For NB-IoT SPS no benefit has been identified by doing things differently, apart from the addition of the deactivation after N transmissions in the previous Section, and therefore we propose the following:  
[bookmark: _Toc506381237][bookmark: _Toc506496131][bookmark: _Toc506520863]SPS is configured via RRC signalling and activated/deactivated dynamically using SPS C-RNTI (as for legacy).
[bookmark: _Toc506381230][bookmark: _Toc506381282][bookmark: _Toc506496132][bookmark: _Toc506520864]The UE shall monitor NPDCCH for both C-RNTI and SPS C-RNTI to allow full scheduling flexibility.

UE Power Consumption Reduction
Even though the system gains using SPS is obvious from the reduction of NPDCCH transmission, SPS is in the WID [2] grouped under ‘Further latency and power consumption reduction’. For the following discussion it is therefore important to note that SPS does not reduce UE power consumption per se. For the UE power consumption there is a minor difference if the UE just monitors NPDCCH or if NPDCCH is actually received. Therefore, we make the following observation:
[bookmark: _Toc506381231][bookmark: _Toc506381283][bookmark: _Toc506496125][bookmark: _Toc506520852]UE power consumption does not depend on SPS but rather on NPDCCH monitoring and DRX. 
During SPS the UE will have to monitor NPDCCH for two reasons:
1. SPS activation/deactivation.
2. Dynamic scheduling of (re)transmissions.

Exactly when the UE monitors NPDCCH is determined by DRX-Config-NB provided by dedicated RRC signalling. The drx-Cycle can be configured from sf256 to sf10240, the onDurationTimer can be as short as 1 NPDCCH, and the drx-InactivityTimer and drx-RetransmissionTimers can be set to zero. Therefore, we conclude the following:
[bookmark: _Toc506381232][bookmark: _Toc506381284][bookmark: _Toc506496126][bookmark: _Toc506520853]	The existing value ranges for parameters controlling DRX and UE power consumption are sufficient.
However, it could potentially be of interest to apply a different configuration whenever SPS is activated.
[bookmark: _Toc506381238][bookmark: _Toc506496133][bookmark: _Toc506520865]RAN2 to discuss whether it would be beneficial to apply a different SPS-specific configuration for the parameters in DRX-Config-NB whenever SPS is activated. 
However, the system gains from using SPS are clear, and reducing the NPDCCH overhead in e.g. a rather loaded anchor carrier which should fit NPSS/NSSS, NPBCH, SIB1-NB, system information, as well as unicast NPDSCH in 180 kHz, will still provide gains for UE performance.
Downlink SPS
An illustration of DL NB-IoT SPS operation is shown in Figure 1. SPS is activated by a DCI scrambled with SPS C-RNTI in NPDCCH and from that point on the SPS NPDSCH resource is periodically repeated according to semiPersistSchedIntervalDL.
[image: ]
[bookmark: _Ref506373506]Figure 1:  Schematic illustration of DL SPS for NB-IoT.
The NPDSCH transmissions still have to be acknowledged for eNB to know whether it should schedule any retransmissions. In NB-IoT an NPUSCH resource for transmitting ACK (NPUSCH format 2) is indication the DL scheduling assignment (4 bits for ‘HARQ ACK resource’ in DCI format N1). A required addition for NB-IoT SPS is therefore the following:
[bookmark: _Toc506381239][bookmark: _Toc506496134][bookmark: _Toc506520866]The DL SPS configuration must indicate periodic resources for NPUSCH ACK.
Since SPS, as explained above, does not necessarily provide large UE power consumption gains per se, some additional aspects could be considered. For example, when UE has successfully received the NPDSCH transmission and acknowledged that in UL, the UE could just as well omit monitoring NPDCCH until the subsequent SPS NPDSCH resource. (Note that drx-RetransmissionTimer is not started upon succesful reception, but the drx-InactivityTimer could be omitted). The only reason for still monitoring NPDCCH would be the possibility to deactivate SPS or schedule a dynamic transmission using C-RNTI, but since that would not be time critical, reduced NPDCCH monitoring (compared to DRX) would still be beneficial.
[bookmark: _Toc506381240][bookmark: _Toc506496135][bookmark: _Toc506520867]A UE that have transmitted ACK is not required to monitor NPDCCH, or can apply a longer DRX, until the subsequent SPS NPDSCH resource. 

Uplink SPS
The biggest difference for UL SPS, comparing legacy LTE and NB-IoT, comes from the fact that NB-IoT uses asynchronous adaptive HARQ in UL. An illustration of UL NB-IoT SPS operation is shown in Figure 2. With adaptive HARQ in UL the data is never explicitly acknowledged, the UE will keep the data in its uplink buffer until a subsequent NPDCCH. If the NDI is toggled in the subsequent DCI, this is an implicit acknowledgement of the previous TBS and new data will be transmitted (i.e. for the case without SPS). 
[image: ]
[bookmark: _Ref506378735]Figure 2: Schematic illustration of UL SPS for NB-IoT.
In the case of UL SPS for NB-IoT, it is proposed to keep the same principle, i.e. the UE will transmit new data in the subsequent SPS NPUSCH resource unless a NPDCCH has been received (scheduling a retransmission or dynamic override of the SPS resource). However, this seems to be the current procedure according to TS 36.321, i.e. if the UE has not received NPDCCH and/or other conditions are fulfilled, it will transmit new data in the next resource granted by the SPS grant. Therefore, no change of the specification text would be required in this case.
[bookmark: _Toc506381233][bookmark: _Toc506381285][bookmark: _Toc506496127][bookmark: _Toc506520854]With adaptive UL HARQ, the UE will transmit new data in the subsequent SPS NPUSCH resource unless a NPDCCH has been received (scheduling retransmission or override).

General SPS aspects
First, a NB-IoT in RRC_CONNECTED will monitor NPDCCH in one carrier, either the carrier it is assigned to by means of dedicated RRC signalling in Msg4 as of Rel-13 or it will remain in the carrier where it performed the random access procedure (on the anchor carrier in Rel-13 and possibly on a non-anchor carrier in Rel-14). Since it would only add complexity and no obvious gains to have SPS on another carrier we propose the following:
[bookmark: _Toc506381241][bookmark: _Toc506496136][bookmark: _Toc506520868]SPS is configured only in the carrier where the UE monitors NPDCCH.
Second, for the use cases of large unicast file transfer there is, unlike for applications like VoIP etc., no need to have a long semiPersistSchedInterval. From UE power consumption p.o.v. it is better to finish the data transaction as quickly as possible. However, semiPersistSchedInterval must be long enough for retransmissions to be scheduled should anything go wrong. 
[bookmark: _Toc506381234][bookmark: _Toc506381286][bookmark: _Toc506496128][bookmark: _Toc506520855]semiPersistSchedIntervalUL and semiPersistSchedIntervalDL must be long enough to allow for retransmissions to be dynamically scheduled if needed. 
For legacy LTE the value range spans from sf10 to sf640 (but an extended range down to sf1 was introduced in Rel-14 for the UL). For NB-IoT, somewhat shorter intervals could be considered for quick file transfers, whereas some periodic reporting could be of interest even up to the longest drx-Cycle in RRC_CONNECTED. It will be less relevant to have fine granularity for the middle range to optimize for e.g. VoIP. Therefore, we propose the following:
[bookmark: _Toc506381242][bookmark: _Toc506496137][bookmark: _Toc506520869]Consider a wide NB-IoT value range for semiPersistSchedInterval from X to sf10000, where X is to be determined by RAN1
Note that the lowest value would need to account for at least one NPDCCH opportunity for scheduling a retransmission, and the exact value should therefore be left to RAN1. 
Third, in Rel-14 support for 2 HARQ processes was introduced for NB-IoT. The immediate question is if 2 HARQ should be supported for SPS. When using 2 HARQ processes there will be longer time to schedule any retransmissions, i.e. the retransmission for the first HARQ process can be scheduled also after the subsequent transmission of the second HARQ process (compared to the 1 HARQ in Figure 1 and Figure 2).  
[bookmark: _Toc506381235][bookmark: _Toc506381287][bookmark: _Toc506496129][bookmark: _Toc506520856]Using 2 HARQ processes the UE Power consumption is reduced since semiPersistSchedInterval can be set shorter (half its length) and still provide the same time for retransmissions.
Therefore, we propose the following:
[bookmark: _Toc506381243][bookmark: _Toc506496138][bookmark: _Toc506520870] NB-IoT SPS supports 2 HARQ processes.

Conclusion
In section 2 we made the following observations:
Observation 1	Legacy SPS operation corresponds to setting N to infinity, and therefore one common SPS solution can address all relevant use cases.
Observation 2	UE power consumption does not depend on SPS but rather on NPDCCH monitoring and DRX.
Observation 3	The existing value ranges for parameters controlling DRX and UE power consumption are sufficient.
Observation 4	With adaptive UL HARQ, the UE will transmit new data in the subsequent SPS NPUSCH resource unless a NPDCCH has been received (scheduling retransmission or override).
Observation 5	semiPersistSchedIntervalUL and semiPersistSchedIntervalDL must be long enough to allow for retransmissions to be dynamically scheduled if needed.
Observation 6	Using 2 HARQ processes the UE Power consumption is reduced since semiPersistSchedInterval can be set shorter (half its length) and still provide the same time for retransmissions.

Based on the discussion in section 2 we propose the following:
Proposal 1	Indicate dynamically in DCI the number N of SPS resources before deactivation.
Proposal 2	SPS is configured via RRC signalling and activated/deactivated dynamically using SPS C-RNTI (as for legacy).
Proposal 3	The UE shall monitor NPDCCH for both C-RNTI and SPS C-RNTI to allow full scheduling flexibility.
Proposal 4	RAN2 to discuss whether it would be beneficial to apply a different SPS-specific configuration for the parameters in DRX-Config-NB whenever SPS is activated.
Proposal 5	The DL SPS configuration must indicate periodic resources for NPUSCH ACK.
Proposal 6	A UE that have transmitted ACK is not required to monitor NPDCCH, or can apply a longer DRX, until the subsequent SPS NPDSCH resource.
Proposal 7	SPS is configured only in the carrier where the UE monitors NPDCCH.
Proposal 8	Consider a wide NB-IoT value range for semiPersistSchedInterval from X to sf10000, where X is to be determined by RAN1
Proposal 9	NB-IoT SPS supports 2 HARQ processes.
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