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1 Introduction

In the last RAN2#99 meeting, the following SPS solutions were proposed for different scenarios and use cases [1]:

A)
Proposal: SPS for M2M long-time regular transmissions allowing UE to be in Idle/PSM mode (at least between the transmissions), either for stationary UEs, or with R1 solutions for Timing advance. This kind of SPS can remove the need for MSG1 and MSG2 in the Access [2], [3]. 

B)
Proposal: Support NB-IoT SPS for DL transmission of large files in Connected mode, e.g. for firmware updates. This kind of SPS can reduce PDCCH overhead, when a file is transmitted in multiple TBs [4], [5].
C)
Proposal: Consider UL SPS support with skipUplink for NB-IoT, to be used as a “scheduling request” + BSR channel [4], [5]. 

D)
Proposal: SPS for media type applications or similar (in connected mode), where the SPS resource is used during limited time. This kind of SPS can reduce PDCCH overhead and SR overhead (e.g. by RACH) [6].

E)
Proposal: SPS for SC-PTM in IDLE mode, to reduce PDCCH load for SC-MTCH, and SC-MCCH [5].
This email discussion aims to discuss the use cases, benefits, impacts and implications for each solution.
[99#42][NB-IoT] SPS options (Huawei)

· Objective to become better familiar with pros/cons, etc, to be able to make decisions at next meeting. Discuss Use case, Benefits, Impacts, Implications.

· Intended outcome: Report to next meeting

· Deadline: 2017-09-21

2 Discussion
In this email discussion, it is proposed to discuss the following aspects for each proposed SPS solution, A-E:

· Use cases:
· Details of the use case(s)

· Is the solution applicable to IDLE mode or connected mode or both? 

· Is the solution applicable to UL or DL or both?

· Benefits:

· What are the benefits of the solution? E.g. in terms of power consumption, signaling overhead, latency.

· How much benefit can be achieved globally? Some evaluations are helpful. 

· Impacts:

· What are the impacts of the solution? E.g. in terms of power consumption, signaling overhead, system complexity, cell capacity, and specifications.

· Implications:
· How does the solution work? E.g. in terms of required knowledge at the eNB, resource usage in the eNB, impacts on other WGs.

2.1 Solution A 
SPS for M2M long-time regular transmissions allowing UE to be in Idle/PSM mode (at least between the transmissions), either for stationary UEs, or with R1 solutions for Timing advance. This kind of SPS can remove the need for MSG1 and MSG2 in the Access [2], [3]

Discussion point A1. Companies are invited to provide their views on the use cases of Solution A.
	Company name
	Answer/Comments

	Huawei, HiSilicon
	· Use case: Long-time regular transmissions

We think the use case exists in NB-IoT, such as regular metering report, once or twice each day.

· IDLE or connected or both:
We think this solution is applicable to IDLE/PSM mode only. Since keeping in connected mode for several hours is unacceptable from power consumption perspective.
· UL or DL or both?
We think this solution is applicable to UL only, i.e. for regular report.
· Stationary or all UEs

We think this solution is applicable to stationary UEs, i.e. UE always camped on the same cell.

	Qualcomm
	Same view as Huawei

· Regular transmissions with longer period in-between

· IDLE/PSM mode only

· UL only

Stationary UEs e.g. meters

	Ericsson
	This appears to be an interesting development part of NB. However, we believe that there is no time to fully investigate this option within the current activity (SPS). We don’t think such discussion is limited to “just SPS” but requires significant updates to the specifications, e.g. there is a need for keeping track of synchronization (TA). Providing a solution with the anticipated functionality requires input from other groups than RAN2. 

If there is support from enough companies we can discuss solutions such as this, but in our view this is not just SPS; it’s a much larger activity.

In our view all solutions relevant for the SPS discussion, except the one for SCPtM, requires that the UE is in connected mode.

	Mediatek
	Same view as Huawei

	LG
	Use cases for Solution A (SPS in RRC_IDLE/PSM) would be,

- Metering, and hence, stationary UE

- Uplink only

	Telstra
	Telstra has been considering this aspect and supported by research undertaken with RMIT University in Melbourne, we see several IoT use cases that apply equally to eMTC and NB-IoT where devices regularly uplink a message of defined length at routine intervals.

This is not dissimilar to VoLTE in that SPS allows a VoLTE capable device to send a defined message size at regular intervals.   We see the use of SPS by IoT as an extension of that concept where a device sends defined messages at routine intervals.   Difference being that instead of considering intervals in the mS range for VoLTE, we are looking at hours or days between messages for IoT.

We see that SPS for IoT to be of most benefit for uplink traffic with a large majority of UE monitoring or measuring some aspect of the environment and reporting up to a centralised point at routine intervals with a known and predefined message size.

Further, we think it is highly likely for energy conservation reasons that the UE may have invoked PSM and will be waking at these routine intervals to send a message of predefined size.

	ZTE
	We have sympathy for Ericsson’s comments, that is, we also think such discussion is not limited to “just SPS” but requires significant updates to the specifications, and significant efforts on the performance evaluation. We think our RAN2 have no enough time to discuss so much things in this release.
However, in order try to understand the solution itself, we will give some initial analysis for it in the following questions.

For this question, we think only geostationary UEs with fixed communication pattern, e.g gas or water metering type UE, which sends a small data report per hour or with a large fixed time interval, may be possible use case for solution A. We can see the use case for the solution A is limited. And we think the early data transmission scheme can already be feasible for this use case and can bring enough benefit.

	Veolia
	We agree with Huawei and Qualcomm
There is existing strong use cases fitting this scenario (for example water meter) – these use cases also may represent a significant number of devices.


Discussion point A2. Companies are invited to provide their views on the benefits of Solution A.
	Company name
	Solutions/Comments

	Huawei, HiSilicon
	We understand that the intention of this solution is avoiding msg1 and msg2 compared to legacy random access procedure to reduce UE power consumption and latency. But the benefits exist only if the eNB can provide proper configurations. At least the eNB needs to know the data amount and the reporting periodicity. Considering that even for the same application, different companies may have different requirements, how the eNB configures IDLE/PSM mode SPS needs to be considered.

	Qualcomm
	Generally same view as Huawei: the solution can reduce UE power consumption by avoiding msg1 and msg2 (assuming TA can be kept), but eNB needs to know the traffic characteristics. 
We believe the traffic characteristics are well known beforehand, as described by Veolia’s papers in RAN2#99. Also, as indicated by LG “even if TA is needed there can be gain, i.e. the UE performs MSG1/MSG2 to get the TA, and can then do Subsequent transmission based on SPS” [1].

Another alternative is to have NPRACH resources pre-scheduled instead of NPUSCH as described in [2]. Note that this option would be different than traditional SPS in the sense that RACH resources are pre-scheduled instead of PUSCH. Note also that the main advantage of this proposal is that the transmission of Msg3 is in a reserved resource, so no collisions are expected.

	Ericsson
	See above (A1)

	Mediatek
	Benefit is to avoid MSG1 and MSG2.

	LG
	UE power consumption by skipping whole RACH procedure before data transmission. Basically, we believe TA can be maintained for a long time in case of stationary UE. If RAN2 want to have a mechanism for TA acquisition, we can study a simple RAN2 solution, i.e., Msg1 and TA only Msg2.

	Telstra
	We anticipate greater efficiencies and hence power savings available for eMTC and NB-IoT UE.

From an eNodeB perspective, it may afford the opportunity to smooth traffic peaks as scheduling is known well in advance.

If scheduling is known well in advance, overhead related to negotiation can be reduced and therefore power savings further reduced as well as overall overhead.

	ZTE
	Basically, the benefits of Solution A would be certain UE power saving. And the benefit also depends on what resource is semi-persistent configured. We think there have the following three options:

Option1: CFRA resource-like

1. Certain power saving.

2. No strong need for TA but two-step PRACH would be used.

Option2: Dedicated SR resource and/or USS resource
1. Maybe more power saving than option1.

2. Data transmission and/or reception can be performed without PRACH if TA can be guaranteed.

Option3: Dedicated PDSCH/PUSCH resource.
1. Similar as option2 and maybe more power saving than option2 if optimization is considered for PDCCH monitoring. 

	Veolia
	We believe it would extremely beneficial (even additional game changer) to remove the need for MSG1 and MSG2 in the Access for device having a regular transmission with same payload size and periodicity and fully agree with Telstra views.
It may as well help to optimize resources on the network size as scheduling is already known

It will bring 3GPP technologies closer to existing non cellular LPWAN technologies and will prepare the shift towards massive IoT with different expectations towards the network depending on the use cases.


Discussion point A3. Companies are invited to provide their views on the impacts of Solution A.
	Company name
	Solutions/Comments

	Huawei, HiSilicon
	From network perspective:

· The eNB needs to assign a SPS-RNTI to each IDLE mode UE (similar to C-RNTI in connected mode) for data transmission. Which may impact the network capacity.
· The eNB needs to reserve resources for this usage, which will impact the flexibility for scheduling and the system capacity.
· Configuring large SPS UL grant will cause waste and fragmentation of NPUSCH resources.
From UE perspective:
How to synchronize with the eNB during several hours to use the SPS resource needs to be considered. Since the resource interval can be several hours, time alignment between the eNB and the UEs in IDLE/PSM mode is needed so that the UEs can use the right SPS resource. Otherwise, the SPS transmission will cause interference to other NPUSCH resources. The time alignment with the eNB in IDLE/PSM mode may impact the UE cost, power consumption and complexity.

	Qualcomm
	Generally similar view as Huawei, except:
- “assign SPS-RNTI to each IDLE mode UE” -> It would only be for those UEs using SPS, not to all of them.
- How to sync with the eNB after several hours: this be solved by Hyper-SFN. For example, for a 20ppm clock error, in 12 hours the maximum error can be ~0.9 seconds. The UE can set a timer and can wake up ahead of time to read the MIB and will get the SFN / LSBs of HFN. The UE complexity for this should be negligible.

	Ericsson
	In order for this solution to we need solutions for, among others: the mentioned TA issue, handling of resources that may need to be reserved for a very long time, idle mode support, and functionality for deactivation. Additionally, some mobility issues need to be considered and solved: How would the eNB know if the UE has left the cell (or even if the said UE doesn’t exist anymore) while is has been configured with such “long SPS”? In such cases the SPS allocation should be taken down. 

	Mediatek
	We think there could be two types of solutions a) Dedicated SPS, using a dedicated configuration across Idle mode etc. b) Common SPS using a common configuration, which could use procedure(s) identical to UL Early Data transmission in MSG3, but omitting MSG1 and MSG2.

	LG
	We think SPS in RRC_IDLE would be a bit different from that in RRC_CONNECTED. For example, activation/deactivation/reactivation is not needed, and hence SPS C-RNTI may not be required.

We think SPS resource may need to be shared by multiple UES in RRC_IDLE. In this case, RAN2 would need to discuss whether to resolve contention, or how to resolve the contention. In our view, the targeted use case is metering and there would be many UEs reporting the metering results, it may not be so important to resolve contention and ensure erroneous transmission.

In addition, there may be a need for having multiple SPS resources, where each SPS resource is used for transmission of specific metering results.

	Telstra
	In extending SPS from mS intervals to much longer intervals of hours or days, several impacts may arise.

· The eNodeB needs to be able to signal to the UE at precisely what times it can send.

· The UE needs to maintain time synchronisation to that schedule across long periods of time

· IoT devices may have been in PSM prior to sending and therefore need to resynchronise to the network before sending at a very precise instant in time that has been pre-scheduled.

· A mechanism is required for the eNodeB to signal to UE that long term SPS schedules are no longer valid.   That is, whilst the UE was in PSM, the eNodeB may have restarted, etc and the SPS schedule may be lost.   The UE may be required to reinitiate SPS.

· The eNodeB should be afforded the ability to decline the SPS request and optionally offer an alternate SPS for the UE.  Eg The UE might request an hourly schedule at say 2 minutes past the hour and the eNodeB should be able to offer an alternate hourly schedule to allow better traffic management.

· The UE may need to send adhoc messages outside of the SPS schedule.    This should be possible without disrupting any SPS schedule.

· Like VoLTE, failure of the UE to uplink data after a defined number of times should permit the eNodeB to revoke the SPS grant.
· The eNodeB shall only be required to maintain 1 SPS schedule for a UE.    Eg if a UE were to restart and subsequently request a new SPS schedule, the eNodeB shall revoke any existing schedule and going forward, only the new schedule should apply.

	ZTE
	During our analysis, we see much impacts and complexity for Solution A. 

We also list the impacts according to different types of semi-persistent configured resources.

Option1: CFRA resource-like

1. Preamble resource will be wasted.

· Considering potential PRACH failure in the initial CE level, eNB needs to pre-configure resource not only for the initial CEL, but also for larger CELs, which wastes extra PRACH resource.
2. SPS information should be stored in eNB and UE, which have more requirements on the buffer size.

Option2: Dedicated SR resource and/or USS resource
1. It’s hard to keep timing synchronization (TA) the same in the SPS lifetime in Idle/PSM mode.

· Because there has no PRACH procedure to acquire timing synchronization between UE and eNB, the TA should be kept the same all over the SPS lifetime in Idle/PSM mode. Whether TA can be kept the same over long time (e.g., many hours) should be evaluated by RAN4. But at least we worry that during many hours, the crystal oscillator shift of UE or radio conditions change(e.g. a obstacle or shadowing is coming or leaving) may cause the TA fluctuating even if the UE is geostationary.
2. The risk of waste of radio resource, impacts on network capacity and resource confliction.

· If the radio resource(e.g. SPS-RNTI etc) is occupied by the SPS UE over all the SPS lifetime in Idle/PSM mode, the waste of radio resource and impacts on network capacity may be serious. If the radio resource(e.g. SPS-RNTI etc) can be released during the SPS interval, the SPS activation duration should be configured large enough when the SPS resource is valid for the SPS UE. But it’s very difficult to predict how long time duration is “large enough” with the consideration that the retransmission may happen but how many times of retransmission cannot be predicted. In a summary, too long SPS activation duration will cause waste of radio resource; too short SPS activation duration may cause radio resource conflict.
3. SPS information should be stored in eNB and UE, which have more requirements on the buffer size.

4. There would have impacts on the legacy UE dedicated resource configuration (SR resource and/or USS resource)
· If SPS resource is reserved for Idle/PSM mode UEs over long period, Resource fragmentation may be serious. Then it may be difficult for the eNB to find enough continuous resources for scheduling the legacy UE, especially when the legacy UE is in the worse coverage and large number of transmission is needed.

5. CEL may be changed and SPS resource should be configured for highest CEL, which may cause unnecessary waste of radio resource.

· CEL may be changed over many hours even the UE is geostationary, e.g obstacle or shadowing will cause change on channel fading. In order to ensure that the SPS resource can be used in every CEL, the SPS resource should be configured for several CELs.
Option3: Dedicated PDSCH/PUSCH resource.
1. It’s hard to keep timing synchronization (TA) the same in the SPS lifetime in Idle/PSM mode.

2. The risk of waste of radio resource, impacts on network capacity and resource confliction.

3. SPS information should be stored in eNB and UE, which have more requirements on the buffer size.

4. There would have impacts on the legacy UE dedicated resource configuration (SR resource and/or USS resource)
5. CEL may be changed and SPS resource should be configured for highest CEL, which may cause unnecessary waste of radio resource.

6. PUSCH reception identification problem.

· If no PUSCH is detected in receiver, the receiver cannot decide whether nothing is sent over the PUSCH resource or the information over the PUSCH resource is not decoded correctly. And how to identify the retransmission is also difficult if the retransmission is performed over SPS resource.

	Veolia
	The biggest issue is the synchronization aspect – it may become even more critical with UE having a duration of life of 15 years such as water meter.


Discussion point A4. Companies are invited to provide their views on the implications of Solution A.
	Company name
	Solutions/Comments

	Huawei, HiSilicon
	The implications of this solution include:

· This solution is only suitable for stationary UEs who will not change serving cell nor coverage level.

· The eNB needs to know the traffic model of the UE to configure appropriate SPS parameters.

· Subframe level time alignment between the UE and the eNB is needed even in IDLE/PSM mode.
· Timing alignment between the baseband and the application in the UE.
· Impact on the system capacity due to the reservation and potential waste of resources (SPS-RNTI and NPUSCH resources).


	Qualcomm
	Generally same view as Huawei except the last points.

· This solution is only suitable for stationary UEs
· The eNB needs to know the traffic model of the UE to configure appropriate SPS parameters.

· Subframe level time alignment between the UE and the eNB is needed even in IDLE/PSM mode.
We do not think timing alignment between the baseband and the application in the UE is an issue (it is implementation).
Regarding resource wastage: If the traffic characteristics are well known (e.g. metering use case with periodic tx) and UE is timing aligned, we think potential waste of resources are minimal. This is because the likelihood that the UE does not use such resource is only if UE is dead or out of sync due to some reasons. If the UE is dead and didn’t use the resource, it is actually better for the service provider to know this so that human intervention is possible. In case UE went through power cycle and negotiated new SPS with network before next SPS instance, then the network can use the previously allocated resources for other purpose (no waste).

	Ericsson
	This is not only SPS but would require changes that extend beyond scheduling.

	Mediatek
	Mainly for stationary UEs that store and remember the UL TA, as the intended benefit is to Skip MSG1 and MSG2. The main difficulty with dedicated SPS is to apply a suitable SPS configuration. A secondary potential issue is long buffering times in case application and modem cannot synchronize the timing of generation of data vs transmission of data. Dedicated SPS in Idle mode is a somewhat new combination, but there is already connected mode configurations stored in Idle etc so it should be possible to specify this. The main difficulty of common SPS is to achieve a good balance of resource utilization vs collision probability. 

	LG
	Given that the SPS resource need to be allocated to the UE in RRC_IDLE for a long time and there would be many metering NB-IoT UEs, it may not be realistic to allocate the dedicated SPS resource to the UE. We need to consider resource limitation in using SPS in RRC_IDLE for metering purpose.

Considering the number of NB-IoT UEs that report metering results, we may not need to put too much effort on resolving collision/contention/retransmission.

	Telstra
	· SPS for IoT is equally for both NB-IoT and eMTC.   It should not be implemented for one technology type without the other.

· The eNode B needs to be able to maintain SPS scheduling information over extended periods for potentially a large number of UE.   May have implications for eNodeB memory capacity.   Ideally that information should be maintained across restarts or outages.

· An accurate mechanism for time synchronisation of the UE to the eNodeB is required.   SPS needs to be scheduled relative to this time synchronisation.   Candidates may include SIB16, hyperframes or a combination of mechanisms to accurately define and maintain schedules.
· Implementation of SPS for IoT shall be backwards compatible and not impact existing IoT or mobile broadband UE.

	ZTE
	Basically we agree with Ericsson.

We try to list some potential impacts as follows:

RAN1 implication:
1. SPS search space definition

2. HARQ timing definition for the SPS retransmission
RAN2 implication:

1. Hyper-HSFN would be introduced
If the SPS interval of SPS for M2M long-time regular transmissions in Idle/PSM mode is larger than 2.91 hours (the wraparound cycle of H-SFN), new timing mechanism (e.g. Hyper-HSFN) is needed for timing between UE and network.
· UE and eNodeB should maintain the Hyper-HSFN timing.
· The Hyper-HSFN should be broadcasted in MIB or SIB1 for timing synchronization between UE and eNodeB;
· SPS resource interval of of SPS for M2M long-time regular transmissions in Idle/PSM mode should be configured based on timer or SFN/HSFN/Hyper-HSFN, and should be précised to SFN.
2. Configuration of SPS resource.

RAN2 or RAN3 implication:
1. UE geostationary indication is provided to eNB
· In order that the eNB can identify the suitable UE(geostationary, TA unchanged) which can be configure with SPS in Idle/PSM mode, the UE geostationary indication should be reported to eNB by UE or MME.
2. UE communication pattern is provided to eNB
· For the SPS resource configuration, the UE communication pattern should be fixed or can be accurately predicted. The related information also should be provided to eNB by UE or MME.

RAN4 implication:

1. RAN4 needs to evaluate whether TA can be kept the same over many hours.

	Veolia
	We agree with Qualcomm
On the scheduling aspect, we understand it may be not feasible to met the December target for this feature however considering the potential strong benefits, we believe this should be of the utmost interest of 3GPP to pursue this avenue and specify a dedicated IoT SPS


2.2 Solution B
Support NB-IoT SPS for DL transmission of large files in Connected mode, e.g. for firmware updates. This kind of SPS can reduce PDCCH overhead, when a file is transmitted in multiple TBs [4], [5].

Discussion point B1. Companies are invited to provide their views on the use cases of Solution B.
	Company name
	Answer/Comments

	Huawei, HiSilicon
	If SC-PTM is not supported by the network or the UEs, software/firmware update needs to be transmitted by unicast. With dynamic scheduling, NPDCCH is needed for each transport block, which may not be efficient. Thus, SC-PTM for large file transmission can get benefits from SPS.

This solution is for connected mode and DL only. We do not see any uplink large file transmission in NB-IoT.

	Qualcomm
	Same view as Huawei, Also, it is not clear how the HARQ retransmissions would be handled.

	Ericsson
	This is a likely scenario and should be supported. Whether large DL transmissions occur often enough to provide the feature can be discussed. However, whenever there are large DL file transfers SPS will potentially provide large savings of resources (esp. NPDCCH) which results in power saving.

	Mediatek
	Similar view as above. However, we guess that the use case involves TCP and it might not be immediately obvious to the eNB that it should use SPS. 

	LG
	It is claimed that SPS for SC-PTM is beneficial for large downlink firmware updates. However, SPS results in continuous PDSCH monitoring/decoding, which would increase UE power consumption.

	Telstra
	We don’t see much call for large file downlink for NB-IoT.

With many vendors producing dual mode Cat M1/NB1 radio modules, we think it would be better for a device to shift gear and change from NB1 mode to M1 to perform a firmware update.   The increased throughput available from M1 would speed up the transfer and as a result achieve power savings that are likely to exceed any saving that may be achieved through the use of SPS on NB-IoT.

	ZTE
	Only the large files whose size can be predicted by eNB are suitable for Solution B and the advantages of SPS is not evident for transmission of small files. Moreover, the most common case for large files transmission would be firmware downloading. Such transmission is more suitable to use SC-PTM mechanism, which is more efficient than point-to-point transmission, even with SPS.

	Veolia
	Firmware update by multicast is very important for large deployment such as meters. A concern has always been the impact on the power consumption. Therefore, it would be very beneficial to study how SPS can improve SC-PTM in this context. We also believe this should be discussed in the context of the SA4 Study on “MBMS User Services for IoT” as it is specifically targeting to reduce power consumption and is looking into SC-PTM for NB-IoT. A LS could be sent out to SA4 to ask for their views. 


Discussion point B2. Companies are invited to provide their views on the benefits of Solution B.
	Company name
	Solutions/Comments

	Huawei, HiSilicon
	The maximum downlink TBS for Cat. NB1 UE and Cat. NB2 UE are 680 bits and 2536 bits. Taking a software package of 50 kbytes as an example, at least 588 transport blocks for Cat. NB1 UE and 158 transport blocks for Cat. NB2 will be needed.
Downlink SPS can avoid having one NPDCCH for each transport block. From the network perspective, radio resources can be saved, especially for the deep coverage case. From the UE perspective, not monitoring these saved NPDCCH is beneficial for power consumption (assuming that the UE does not need to monitor NPDCCH for other reasons at the same time).
On the other hand, software / firmware download are rare events (e.g. once a year) and the overall gain might not be that big.

	Qualcomm
	We anticipate such software upgrades are very rare. While the gain per event may be significant, because such events are rare, the overall gain may be very low. Also, in most cases the software upgrade may be delivered by using SC-PTM (solution E), thus further reducing the benefits of this solution.

	Ericsson
	There are clear benefits for the UE since there is less need to continuously monitor NPDCCH. For the UE this possibility for DRX of NPDCCH results in reduced power consumption. 

Solution B would allow UE to operate with very high BLER (or low SINR) as it would result in the most efficient way to use radio resources: NPDCCH could be used to start the SPS and the UE could do repeated NPUSCH transmissions until it receives NPDCCH which stops the SPS (i.e., an ACK). This would allow operation in high BLER situations without the need to send multiple NPDCCHs.
In general, the possibility to reduce the transmissions on NPDCCH is beneficial for the network; especially when the UE is in a location where it requires a large number of repetitions.

	Mediatek
	We assume that the main gain is for UEs in the very worst radio conditions, e.g. conditions that SC-PTM will not cover even if used in the network.

	LG
	SC-PTM allows UE not to monitor/decode PDSCH based on SC-MCCH. However, the UE should monitor PDSCH at every SPS resource because the UE doesn’t know whether there is scheduling at the SPS resource or not. It would increase UE power consumption.

	ZTE
	The benefits of Solution B depend on the size and transmission frequency of the file.
1. The benefit of using SPS for transmission of large files with certain frequency can be seen. But if the file can be sent with little amount of TBs, e.g. less than 10 TBs, the benefit of using SPS is not evident;
2. If transmission of files is not frequent, e.g. once per month, the benefit of using SPS may be very small. 
The benefits of Solution B depends on the NB-IoT SPS mechanism in connected mode:

1. Legacy LTE SPS mechanism can reduce PDCCH resource overhead, but cannot reduce UE power consumption

· Since only the resource of first transmission is semi-persistent configured and the resource of re-transmission is dynamically scheduled by PDCCH, UE should monitor the USS all the time.
2. With some enhancements for legacy LTE SPS mechanism are, UE power consumption maybe reduced.
· If some enhancements for legacy LTE SPS mechanism are introduced for NB-IoT, PDCCH resource overhead and UE power consumption may be both reduced. For example, ack/nack for different DL processes would be sent in the same UL subframe. The retransmissions would be performed on the SPS resource and new DCI format would be introduced to indicate the information for different processes, etc.

	Veolia
	Could be extremely beneficial as power consumption for firmware update is a strong area of concern.


Discussion point B3. Companies are invited to provide their views on the impacts of Solution B.
	Company name
	Solutions/Comments

	Huawei, HiSilicon
	The scheduling flexibility is impacted by using SPS. 

Using PDCCH to activate/re-activate/de-activate SPS like legacy LTE can achieve scheduling flexibility. However, in this case, although SPS scheduling is PDCCH-less, the UE still needs to keep monitoring PDCCH for SPS re-activation and de-activation. In this case, SPS is only beneficial to network resource usage, not to UE power consumption.

Thus, using a single NPDCCH to schedule several transport blocks can be considered. 

	Qualcomm
	Using NPDCCH based deactivation/reactivation may not be feasible for the reason as explained by Huawei. However, activation may need to be NPDCCH based. While we think this is not needed, if this is to be defined, it should be based on one NPDCCH scheduling multiple TBS; however, that impacts scheduling flexibility and may have more impact in RAN1 (e.g. handling of multiple HARQ).

	Ericsson
	A new DCI is needed as well as an SPS RNTI.

Procedures for configuration of SPS needs to be discussed. Especially so that a UE can be configured with both SPS and dynamic scheduling. 

E.g. since firmware updates are expected to occur seldom, the dynamic scheduling will be used most of the time.

	ZTE
	The impacts of Solution B depend on the size and transmission frequency of the file.
1. The retransmission delay will be larger with SPS mechanism, which discounts the UE power saving.

2. Without any optimization for the legacy SPS mechanism, PDCCH monitoring is still needed that will cause UE power consumption.
3. Although the PDCCH overhead can be saved with SPS mechanism, the UE complexity is increased.
4. Legacy UE scheduling and control information transmission will be affected.
· Dedicated resource scheduling for the legacy UE and transmission of control information should not be overlapped with SPS resources. If too much SPS resources are configured, there may be risks that legacy UEs cannot get enough dedicated resources.


	Veolia
	To discuss this with SA4 in the context of the Study on “MBMS User Services for IoT”


Discussion point B4. Companies are invited to provide their views on the implications of Solution B.
	Company name
	Solutions/Comments

	Huawei, HiSilicon
	A new DCI needs to be designed by RAN1 to schedule several transport blocks with one NPDCCH.

	Qualcomm
	While we think this is not needed, if this is to be standardized, it should be based on one NPDCCH scheduling M TBS which requires RAN1 to define new DCI and HARQ timelines.

	Ericsson
	A UE that requests SPS resources may receive a grant (signalled via the new DCI mentioned above) that schedules several transport blocks. Providing a new DCI needs input from RAN1.

	ZTE
	The implications of Solution B are as follows:
1. The legacy LTE SPS mechanism should be used as the baseline. 
2. Some enhancements could be introduced to reduce the UE power consumption. E.g.

a) The ack/nack for different DL processes may be sent in the same UL subframe; 
b) The retransmissions may be performed on the SPS resource.
c) A new DCI format may be introduced to indicate the information for different processes, etc.
Then for RAN1:

1. The timing relation between SPS resource and ack/nack may be specified.
2. A new DCI format may be introduced to indicate the information for different processes.
3. SPS search space definition
For RAN2:

1. SPS resource configuration
For RAN3:
1. Large file information would be provided to eNB.

	Veolia
	To discuss this with SA4 in the context of the Study on “MBMS User Services for IoT”


2.3 Solution C
Consider UL SPS support with skipUplink for NB-IoT, to be used as a “scheduling request” + BSR channel [4], [5]. 

Discussion point C1. Companies are invited to provide their views on the use cases of Solution C.
	Company name
	Answer/Comments

	Huawei, HiSilicon
	Initiating random access in connected mode to request UL grant for BSR transmission is not efficient. Using SPS uplink resource to transmit BSR is beneficial for reduction of power consumption and latency.
This solution is for connected mode and UL only.

	Qualcomm
	We do not see a benefit of allowing skipUplink for NB-IoT. In fact, we think this should be avoided.

skipUplink with short SPS interval was originally intended for latency reduction for connected mode UEs. We think the use case of SPS in NB-IoT is different: (1) latency is not of prime concern, (2) as also discussed in other solution, our view is UL SPS for large file transfer is not a targeted use case. So, the case that there is no UL data but there is UL SPS grant should be avoided for NB-IoT.

Moreover, it may actually be beneficial to NOT allow skipUplink for NB-IoT such that the network knows if the UE is alive or dead.

Therefore, skipUplink should not be allowed for NB-IoT SPS.

	Ericsson
	This is a likely scenario for NB if the files are larger than what the first grant provides. According to the current version of the specification the UE will need to initiate an RACH-SR in order to receive the grant to send the BSR. Hence, using SPS for the transmission provides opportunity for reducing the power consumption and possibly also latency.

	Mediatek
	Support of dedicated scheduling request is mentioned in the WID. If it is found that it has to be supported, support by SPS could be a reasonable approach. 

	LG
	We think solution C (skipping uplink transmission + SPS only for BSR) is for

- UE in RRC_CONNECTED;

- Uplink only

	Telstra
	We don’t see much call for SPS with large file uplink for NB-IoT.

With many vendors producing dual mode Cat M1/NB1 radio modules, we think it would be better for a device to shift gear and change from NB1 mode to M1 to perform a large file uplink.   The increased throughput available from M1 would speed up the transfer and as a result achieve power savings that are likely to exceed any saving that may be achieved through the use of skipUplink on NB-IoT.

	ZTE
	For the uplink data transmission, with the UL SPS with skipUplink for “scheduling request” + BSR channel, the PRACH procedure for SR can be saved. But if there has no uplink data after SPS configuration, the UL SPS resource would be wasted.
Furthermore, once the dedicated SR is introduced in RAN1, the Solution C has no advantages and is not necessary since the dedicated SR costs less resource than UL SPS for SR. 

	Veolia
	Not sure of the use case


Discussion point C2. Companies are invited to provide their views on the benefits of Solution C.
	Company name
	Solutions/Comments

	Huawei, HiSilicon
	· Power consumption:
Uplink SPS can avoid random access caused by periodic or non-continuous data in connected mode, which is beneficial for reducing UE power consumption.
· Latency:

The earliest opportunity for the eNB to provide an uplink grant in random access is during contention resolution with MSG4, i.e. with a NPDCCH scrambled with C-RNTI. Before contention resolution, preamble, RAR and Msg3 are exchanged between the eNB and the UE. However, with support of uplink SPS, the UE will be able to send a BSR directly using the SPS uplink grant. Thus, considering the number of messages needed before an uplink transmission, uplink SPS can reduce the latency also.
RAN1 is discussing dedicated SR which addresses the same use case and has the same benefit. The benefit of UL SPS for BSR only exists if dedicated SR is not agreed.

	Qualcomm
	While power consumption and latency may be reduced if UL skipping is allowed, we think UL skipping should not be allowed (see response in C1).

	Ericsson
	Since with dynamic scheduling a BSR is preceded by a RACH-SR the gain (primarily reduction of power consumption) of providing an SPS grant for BSR without having to first execute a random access procedure is relatively large.



	LG
	Skipping uplink transmission is beneficial for power saving because it allows UE to skipping transmission when there is no data to transmit. 

Also, limiting the size of SPS resource to the size of BSR would be helpful for network to manage the radio resource efficiently so that many UEs are allocated with SPS for BSR.

	ZTE
	For the uplink data transmission, with the UL SPS with skipUplink for “scheduling request” + BSR channel, the PRACH procedure for SR can be saved.

	Veolia
	Only for connected mode – not sure of the immediate benefits.


Discussion point C3. Companies are invited to provide their views on the impacts of Solution C.
	Company name
	Solutions/Comments

	Huawei, HiSilicon
	· The resource efficiency may be impacted by using SPS.
Configuring large SPS UL grant will cause waste and fragmentation of NPUSCH resources. Considering the use cases, UL grant in SPS for NB-IoT shall only be for sending BSR. The scheduling flexibility may be impacted by using SPS. 

Using PDCCH to activate/re-activate/de-activate SPS like legacy LTE can achieve scheduling flexibility. However, in this case, although SPS scheduling is PDCCH-less, the UE still needs to keep monitoring PDCCH for SPS re-activation and de-activation. In this case, SPS is only beneficial to network resource usage, not to UE power consumption.

In NB-IoT, the primary traffic model is small packets, which means the duration of connected mode is not long compared with LTE. During connected mode, the radio conditions are not assumed to change frequently and, as proposed, the UL SPS grant is for BSR transmission, which is small. Thus, the need for scheduling flexibility in SPS is small for NB-IoT UEs in connected mode.

	Qualcomm
	Potential resource wastage to keep scheduling SPS for the purpose of sending BSR without prior knowledge of traffic pattern. If traffic pattern is known, the SPS resource can be used directly for UL data transmission (which then becomes solution A).

	Ericsson
	We assume that SPS is used only for sending BSR.

The BSR will only use the SPS resource when there is data; controlled by the skipUplink-feature UEs would not have to transmit anything (i.e. padding) unless new data arrives in the UL buffer. If needed, the SPS grant can be cancelled once the timeAlignmentTimer expires. That is, once the UE is no longer considered to be uplink time aligned the SPS grant will be released and the UE reverts to using RA when SR is triggered as agreed by RAN1.

	LG
	We think the impact would be very small, i.e., reusing LTE SPS with restriction of BSR size by the network implementation. If network allocates the SPS resource with the size only for BSR transmission, there would be no impact to the UE side.

	ZTE
	The impacts of Solution C:

1. Waste of UL resource

· The UL SPS would waste the UL resource when there is no data for transmission in uplink.

2. There is not advantage over dedicated SR.

· The Solution C has no advantages over dedicated SR and may be useless once the dedicated SR is introduced in RAN1, because the dedicated SR costs less resource than UL SPS for SR.


Discussion point C4. Companies are invited to provide their views on the implications of Solution C.
	Company name
	Solutions/Comments

	Huawei, HiSilicon
	The implications of this solution include:

· Considering the use cases, to avoid waste and fragmentation of NPUSCH resource, UL grant in SPS for NB-IoT shall only be for sending BSR.

· To get the benefits on the power consumption, NPDCCH-based SPS activation/re-activation/de-activation is not supported.
· For the eNB to know when to configure SPS grant for BSR transmission, a request from the UE in Msg3 would be useful.

	Qualcomm
	Potential resource wastage to keep scheduling SPS for the purpose of sending BSR without prior knowledge of traffic pattern. If traffic pattern is known, the SPS resource can be used directly for UL data transmission (which then becomes solution A).

	Ericsson
	There has to be some method to configure the UE (and eNB) so that it is clear that there will be a need for several BSRs during the ongoing transmission. 

Whether this is signalled in e.g. MSG3 or pre-configured is FFS.

	ZTE
	The implications of Solution C are as follows:
1. The LTE UL SPS mechanism should be used as the baseline. 
RAN2 implications:

1. UL SPS resource configuration.


2.4 Solution D 
SPS for media type applications or similar (in connected mode), where the SPS resource is used during limited time. This kind of SPS can reduce PDCCH overhead and SR overhead (e.g. by RACH) [6].

Discussion point D1. Companies are invited to provide their views on the use cases of Solution D.
	Company name
	Answer/Comments

	Huawei, HiSilicon
	· Use case: media type applications or similar
The typical traffic model of NB-IoT is small packet transmission. We do not see any media type applications with a fixed periodicity and a fixed data rate in NB-IoT by now.



	Qualcomm
	Same view as Huawei, we do not foresee such use case for NB-IoT

Furthermore, it seems Solution D is essentially same as Solution B. See our responses in B1 to B4 above.

	Ericsson
	NB-IoT has been developed primarily for application sending occasional small data packets. For a use case with periodic transmissions (e.g. media) it may be better to use another method to transport or air interface. 

In the “limited time” mentioned is limited enough such situations may possibly be handled with multiples grants from one DCI mentioned above.

	Mediatek
	We haven’t identified any particular use case that should be highly prioritized, but such usage should of course not be precluded if it comes more or less for free, e.g. due to supporting case B for DL, case C for UL. There are IoT devices where support for low rate/non real time media is desired, e.g. gate audio.

	LG
	Solution D is totally different from Solution B. The point of Solution D is to provide pre-determined time duration using the SPS. It means that the eNB provides the pre-determined time duration using the SPS, and the UE deactivates the configured SPS resource after the pre-determined time even without SPS deactivation command from the network. 

In this sense, the Solution D is applicable to the use cases:

- Network initiated deep monitoring/inspecting a target object. For example, the network may want to collect data in order to carefully investigate some problem for a limited time duration, e.g., irregular situation/reporting due to natural disaster such as flood, heavy rain, or accident, traffic jam.

- Power limited UE

	Telstra
	We don’t see much call for NB-IoT in support of media applications.

With many vendors producing dual mode Cat M1/NB1 radio modules, we think it would be better for a device to shift gear and change from NB1 mode to M1 to support media applications.   The increased throughput available from M1 would speed up the transfer and as a result achieve power savings that are likely to exceed any saving that may be achieved through the use of NB-IoT for media applications.

	ZTE
	Only when the service pattern of the media type applications or similar is fixed or can be predicted, the transmission interval is small, and the service duration is long, the SPS is useful. But up to now, no such application is foreseen. 

	Veolia
	NB-IoT is not really adapted for this use case (no real demand to support media applications).


Discussion point D2. Companies are invited to provide their views on the benefits of Solution D.
	Company name
	Solutions/Comments

	Huawei, HiSilicon
	If there were regular applications with a fixed data rate and a fixed periodicity, the benefits is the network resource efficiency, just like SPS in legacy LTE. However, we don’t see such use cases.

	Qualcomm
	It seems Solution D is essentially same as Solution B. See our response B1 to B4 above.

	Ericsson
	See above (D1)

	LG
	For irregular situation/reporting, network can allocate SPS resource to the UEs with less management of radio resource, i.e., no need of SPS deactivation.

Also the UE can benefit from power saving by not receiving repetition of SPS deactivation commands.

	ZTE
	If the service pattern of the media type applications or similar is fixed or can be predicted, the transmission interval is small, and the service duration is long, the benefits of solution D is similar as solution B.


Discussion point D3. Companies are invited to provide their views on the impacts of Solution D.
	Company name
	Solutions/Comments

	Huawei, HiSilicon
	We do not see the use cases. The impacts of the solution should be discussed according to the use cases.


	Qualcomm
	It seems Solution D is essentially same as Solution B. See our response B1 to B4 above.

	Ericsson
	See above (D1)

	LG
	We think the impact would be very small, i.e., reusing LTE SPS with pre-determined time duration.

	ZTE
	If the service duration is short and the service can be sent with little amount of TBs, e.g. less than 10 TBs, the benefit of using SPS is not evident.


Discussion point D4. Companies are invited to provide their views on the implications of Solution D.
	Company name
	Solutions/Comments

	Huawei, HiSilicon
	We do not see the use cases. The implications of the solution should be discussed according to the use cases.

	Qualcomm
	It seems Solution D is essentially same as Solution B. See our response B1 to B4 above.

	Ericsson
	See above (D1)

	LG
	The network needs to configure pre-determined time duration when configuring SPS resource, or activating SPS resource. Given that the main use case is network initiated deep monitoring/inspecting, the network would have a proper time duration in advance depending on the target object to investigate.

	ZTE
	Same or similar as solution B.


2.5 Solution E
SPS for SC-PTM in IDLE mode, to reduce PDCCH load for SC-MTCH, and SC-MCCH [5].
Discussion point E1. Companies are invited to provide their views on the use cases of Solution E.
	Company name
	Answer/Comments

	Huawei, HiSilicon
	Large files such as software/firmware update can be transmitted to the UEs by multicast (SC-PTM). With dynamic scheduling, NPDCCH is needed for each transport block, which may not be efficient. Thus, SC-PTM for large file transmission can get benefits from SPS.
This solution is for IDLE mode and DL only.

	Qualcomm
	Same view as Huawei. In addition, the handling of HARQ retransmissions for each TBS with dynamic scheduling or legacy SPS will involve more work (including RAN1).

	Ericsson
	This is similar to solution B; the main benefit being that transmissions are possible in idle mode in DL. A drawback compared to solution B is that to be able to use this solution the entire SC-PTM framework is needed. Further, solution B would be needed anyway for cells where MBMS is not available.



	LG
	It is claimed that SPS for SC-PTM is beneficial for large downlink firmware updates. However, SPS results in continuous PDSCH monitoring/decoding, which would increase UE power consumption.

	Telstra
	We don’t see much call for large file transfers using SC-PTM in IDLE mode for NB-IoT.

With many vendors producing dual mode Cat M1/NB1 radio modules, we think it would be better for a device to shift gear and change from NB1 mode to M1.   The increased throughput available from M1 would speed up the transfer and as a result achieve power savings that are likely to exceed any saving that may be achieved through the use of SC-PTM on NB-IoT.

	ZTE
	Taken into account the compatibility for legacy Rel-14 UEs, the PDCCH load for SC-MTCH and SC-MCCH cannot be reduced. This solution can only reduce the PDCCH monitoring for Rel-15 UEs with restriction on resource scheduling for legacy R14 UEs.

By the way, such solution has been discussed and rejected in R14 NB-IoT.

	Veolia
	It could be very beneficial for firmware update in multicast – same comment than for solution B – to be studied further in liaison with SA4 study on “MBMS User Services for IoT”


Discussion point E2. Companies are invited to provide their views on the benefits of Solution E.
	Company name
	Solutions/Comments

	Huawei, HiSilicon
	See our reply on Solution B.

	Qualcomm
	While we anticipate such software upgrades are very rare but the gain per event may be significant and given that a large number of UEs are likely to be upgraded at the same time in a particular area, we agree on handling such use case by SC-PTM multicast instead of unicast SPS.

	Ericsson
	See discussion for Solution B. The gain is large when there is a need to transmit large files in the DL.

	LG
	SC-PTM allows UE not to monitor/decode PDSCH based on SC-MCCH. However, the UE should monitor PDSCH at every SPS resource because the UE doesn’t know whether there is scheduling at the SPS resource or not. It would increase UE power consumption.

	ZTE
	This solution can reduce the Rel-15 UE power consumption by reducing the PDCCH monitoring for Rel-15 UEs.

	Veolia
	Could be significant gain in power consumption reduction for SC-PTM. See comment solution B.


Discussion point E3. Companies are invited to provide their views on the impacts of Solution E.
	Company name
	Solutions/Comments

	Huawei, HiSilicon
	See our reply on Solution B.

	Qualcomm
	Since PDCCH based deactivation/reactivation of SPS can be power consuming for UE to keep monitoring the PDCCH and handling of retransmissions for dynamic allocations involves more RAN1 work, SC-PTM should be better for such use case.

	Ericsson
	See discussion for Solution B.

	ZTE
	There has impact on the SC-MTCH and SC-MCCH resource scheduling flexibility.

	Veolia
	See discussion for Solution B.


Discussion point E4. Companies are invited to provide their views on the implications of Solution E.
	Company name
	Solutions/Comments

	Huawei, HiSilicon
	See our reply on Solution B.

	Qualcomm
	Since PDCCH based deactivation/reactivation of SPS can be power consuming for UE to keep monitoring the PDCCH and handling of retransmissions for dynamic allocations involves more RAN1 work, SC-PTM should be better for such use case.

	Ericsson
	See discussion for Solution B.

	ZTE
	SC-MTCH and SC-MCCH resources are semi-persistent configured.

	Veolia
	See discussion for Solution B.


2.6 Other related aspects
Please indicate any other related aspects not covered in this document.
	Company name
	Comments

	Telstra
	SPS for IoT should be considered in the context of both eMTC and NB-IoT.   To implement SPS for one technology type and not the other is unacceptable.

eMTC and NB-IoT were stripped of features to allow for low cost and low complexity UE.   If we keep bundling additional features back into these technologies, from a commercial perspective, will we be injecting cost and complexity back into the UE.   Seems a bit counter intuitive.


3 Summary of email discussion
There are 8 companies participated in the email discussion: Huawei/HiSilicon, Qualcomm, Ericsson, Mediatek, LG, Telstra, ZTE and Veolia.
3.1 Solution A
SPS for M2M long-time regular transmissions 

Discussion point A1. Companies are invited to provide their views on the use cases of Solution A.

· 5 companies think the use case of solution A is for metering report with large reporting interval. This solution is used for IDLE/PSM mode only, UL only and stationary UEs only.

· 2 companies think the such discussion is not limited to “just SPS” but requires significant updates to the specifications and inputs from other working groups.
Discussion point A2. Companies are invited to provide their views on the benefits of Solution A.
· 7 companies think the benefit can be power saving.

· 4 companies think that the benefit depends on the feasibility of TA maintenance
· 3 companies think that the benefit depends on whether the eNB can know the traffic characteristics.

· 2 companies think this solution is also beneficial to smooth traffic peaks and optimize network resource.
Discussion point A3. Companies are invited to provide their views on the impacts of Solution A.
Network resource:
· 4 companies think there are impacts on the network capacity since the resources (e.g. SPS-RNTI) need to be reserved for a very long time and for many IDLE/PSM UEs.

· 2 companies think there is no problem on SPS-RNTI.

· 1 company thinks only the IDLE/PSM UEs using SPS needs SPS-RNTI, not all IDLE/PSM UEs.

· 1 company thinks SPS-RNTI is not needed for IDLE/PSM solution because activation/deactivation/reactivation is not needed.

· 2 companies think contention based resource can be considered so that several UEs can share the same resource.
TA maintenance (e.g. several hours):
· 5 companies think there are impacts on UE complexity caused by TA maintenance for such long interval (e.g. several hours).
· 2 companies think TA maintenance can be handled by the UEs with acceptable complexity.

· 1 company thinks even if TA cannot be maintained, a simple solution can be considered, i.e., Msg1 and TA only Msg2.
Other impacts:
· 1 company thinks IDLE/PSM SPS allocation should be taken down if the UE has left the cell.

· 1 company thinks SPS information should be stored in eNB and UE, which have more requirements on the buffer size.
· 1 company thinks CEL change will impact the use of IDLE/PSM SPS.
· 1 company thinks there would be impacts on the legacy UE dedicated resource configuration (SR resource and/or USS resource)
Discussion point A4. Companies are invited to provide their views on the implications of Solution A.
· 5 companies think this solution is only suitable for stationary UEs.
· 1 company thinks the UE stationary indication needs to be provided to the eNB by UE or MME.
· 5 companies think this solution needs the eNB to know the traffic model of the UE to configure appropriate SPS parameters.

· 1 company think the traffic model needs to be provided to the eNB by UE or MME.
· 6 companies think subframe level time alignment between the UE and the eNB is needed even in IDLE/PSM mode.
· 1 company thinks Hyper-HSFN would be introduced for TA the traffic model needs to be provided to the eNB by UE or MME.
· 1 company thinks RAN4 needs to be involved to evaluate whether TA can be kept over many hours.
· 1 company thinks SIB16, hyperframes or a combination of mechanisms may be helpful.
· 3 companies mention timing alignment between the baseband and the application layer (transmission of data v.s. generation of data).
· 2 companies think this timing alignment needs to be kept. Hyper-HSFN would be introduced for TA the traffic model needs to be provided to the eNB by UE or MME.
· 1 company thinks this is not an issue (it is implementation).
· 2 companies think this is not only SPS but would require changes that extend beyond scheduling.
· 2 companies think larger buffer/memory is needed to store SPS scheduling information over extended periods for potentially a large number of UEs.
· 1 company thinks dedicated resource is not realistic considering the long period of time and the number of UEs.
Based on the above outcomes of the discussion, the following observations on Solution A are made:

Observation A1:  The majority of companies confirm the use case of Solution A, i.e. long interval uplink report for stationary UEs in IDLE/PSM.

Observation A2:  The majority of companies think the benefits on power consumption and latency depend on whether TA maintenance can be kept for several hours and whether the eNB can know the traffic characteristics.
Observation A3:  To make Solution A work and get the benefits, TA maintenance and how the eNB knows the traffic model need more discussions.

Observation A4:  There are some concerns on network capacity, memory/buffer size of eNB/UEs, mobility, etc.
3.2 Solution B
DL transmission of large file in connected mode
Discussion point B1. Companies are invited to provide their views on the use cases of Solution B.

· 4 companies think the use case of solution B is software update, in connected mode only and DL only. This solution is only useful when SC-PTM is not supported by the network or the UE.
· 3 companies think SC-PTM is more suitable for software update case.
· 1 company does not see much call for large file downlink for NB-IoT.
Discussion point B2. Companies are invited to provide their views on the benefits of Solution B.
· 1 company thinks the benefit is very clear.

· 3 companies think the benefit might not be that big considering software update is rare.

· 1 company thinks the benefit on power consumption only exists if enhancements to legacy LTE SPS are introduced.
Discussion point B3. Companies are invited to provide their views on the impacts of Solution B.
· 3 companies indicate impact on scheduling flexibility.

· 2 companies indicate RAN1 impact since new DCI is needed.

· 2 companies indicate impact on HARQ feedback.

Discussion point B4. Companies are invited to provide their views on the implications of Solution B.
· 4 companies think a new DCI is needed to schedule several transports with one NPDCCH.

· 2 companies think the timing relation between SPS resource and HARQ feedback needs to be discussed and specified by RAN1.
Based on the above outcomes of the discussion, the following observations on Solution B are made:

Observation B1:  Companies have different opinions on the use case and benefit. Some companies think software update is rare and SC-PTM is more appropriate for software update.

Observation B2:  The major impacts and implications are scheduling flexibility and DCI/feedback design in RAN1.

3.3 Solution C
UL transmission of “scheduling request” + BSR with support of skipUplink
Discussion point C1. Companies are invited to provide their views on the use cases of Solution C.

· 5 companies think this solution is SR+BSR transmission without random access for UL only and connected mode only.
· 3 companies think this solution and dedicated SR have the same use case.
· 3 companies are not sure about the use case.
Discussion point C2. Companies are invited to provide their views on the benefits of Solution C.
· 4 companies think this solution is beneficial for power consumption.

· 3 companies think this solution is also beneficial for latency reduction.
· 1 company is no sure about the immediate benefits of a solution only for connected mode.
Discussion point C3. Companies are invited to provide their views on the impacts of Solution C.
· 4 companies think the impact is potential resource waste.

· 3 companies think since the UL resource is only used for BSR transmission, the potential resource waste may not be so big.
· 1 company thinks the impact would be very small.

Discussion point C4. Companies are invited to provide their views on the implications of Solution C.
· 3 companies think the eNB needs to know whether the UE needs UL SPS to avoid resource waste.

· 2 companies think the UE can request the UL SPS resource by Msg3.
· 1 company thinks NPDCCH-based SPS activation/re-activation/de-activation is not supported in order to get the benefits of power consumption.
· 1 company thinks LTE UL SPS mechanism should be used as the baseline.
Based on the above outcomes of the discussion, the following observations on Solution C are made:

Observation C1:  The majority of companies confirm the use case and benefits of Solution C, i.e. using UL SPS resource to send SR/BSR in order to avoid RA in connected mode. Some companies think dedicated SR has the same use case.

Observation C2:  The major impact of this Solution is resource waste but the majority of companies think the potential resource waste may not be so big.
Observation C3:  How the eNB knows the need for SPS UL resource from UE is the most important implication.
3.4 Solution D
Media type or similar applications during limited time
Discussion point D1. Companies are invited to provide their views on the use cases of Solution D.

· 7 companies think we do not foresee such use case for NB-IoT, i.e. application with fixed interval and size.
· 1 company thinks the use case can be network initiated deep monitoring/inspecting.
Discussion point D2. Companies are invited to provide their views on the benefits of Solution D.
· 3 companies think if such use case exists, the benefit is network resource efficiency.

· 1 company thinks there is also benefit on power consumption since the UE does not need to monitor NPDCCH for SPS deactivation.
Discussion point D3. Companies are invited to provide their views on the impacts of Solution D.
· 3 companies think the impacts are similar to Solution B.

· 1 company thinks the impact would be very small.

Discussion point D4. Companies are invited to provide their views on the implications of Solution D.
· 3 companies think the implications are similar to Solution B.

· 1 company thinks the network needs to configure pre-determined time duration when configuring SPS resource, or activating SPS resource.
Based on the above outcome of the discussion, the following observations on Solution D are made:

Observation D1:  The majority of companies do not see the use case of applications with regular interval and size.

Observation D2:  The impacts and implications are similar to Solution B, i.e. scheduling flexibility, RAN1 impacts and how to configure.
3.5 Solution E
DL transmission of large file in IDLE mode (SC-PTM)
Discussion point E1. Companies are invited to provide their views on the use cases of Solution E.

· 5 companies think the use case of solution E is for software update using SC-PTM in IDLE mode.
· 1 company proposes to study this solution in liaison with SA4 study on “MBMS User Services for IoT”
· 1 company thinks using SPS for SC-PTM would increase UE power consumption because the UE needs to decode NPDSCH no matter whether downlink data is transmitted.
· 1 company does not see the use case of large file transfers using SC-PTM in IDLE mode for NB-IoT.
Rapporteur’s comments: 
· There is a study item “Study on MBMS User Services for IoT” in SA4, whose objective is to investigate and make recommendations on MBMS User Service profiles and optimizations to provide for IoT [7].
· SC-PTM is also supported by eMTC and software update is one of the major use cases.

Discussion point E2. Companies are invited to provide their views on the benefits of Solution E.
· 5 companies think the benefit is power consumption. 

· 1 company thinks this solution can only reduce the Rel-15 UE power consumption.
· 1 company thinks using SPS for SC-PTM would increase UE power consumption because the UE needs to decode NPDSCH no matter whether downlink data is transmitted.
Discussion point E3. Companies are invited to provide their views on the impacts of Solution E.
· 3 companies think the impacts are similar to Solution B.

· 1 company thinks the impact is scheduling flexibility.
Discussion point E4. Companies are invited to provide their views on the implications of Solution E.
· 3 companies think the impacts are similar to Solution B.

Based on the above outcomes of the discussion, the following observations on Solution D are made:

Observation E1:  The majority of companies confirm the use case and benefit of Solution E, i.e. improving power consumption of software update via SC-PTM.
Observation E2:  The impacts and implications are similar to Solution B, i.e. scheduling flexibility and RAN1 impacts.
3.6 Other related aspects
Only one comment in this section:
· 1 company thinks SPS for IOT should be considered in the context of both NB-IoT and eMTC. Bundling additional features to NB-IoT and eMTC will increase cost and complexity back in  the UEs.
4 Conclusion
Based on the outcome of the email discussion, the corresponding observations for each solution are listed below.
For Solution A:

Observation A1:  The majority of companies confirm the use case of Solution A, i.e. long interval uplink report for stationary UEs in IDLE/PSM.

Observation A2:  The majority of companies think the benefits on power consumption and latency depend on whether TA maintenance can be kept for several hours and whether the eNB can know the traffic characteristics.

Observation A3:  To make Solution A work and get the benefits, TA maintenance and how the eNB knows the traffic model need more discussions.

Observation A4:  There are some concerns on network capacity, memory/buffer size of eNB/UEs, mobility, etc.

For Solution B:

Observation B1:  Companies have different opinions on the use case and benefit. Some companies think software update is rare and SC-PTM is more appropriate for software update.

Observation B2:  The major impacts and implications are scheduling flexibility and DCI/feedback design in RAN1.

For Solution C:

Observation C1:  The majority of companies confirm the use case and benefits of Solution C, i.e. using UL SPS resource to send SR/BSR in order to avoid RA in connected mode. Some companies think dedicated SR has the same use case.

Observation C2:  The major impact of this Solution is resource waste but the majority of companies think the potential resource waste may not be so big.
Observation C3:  How the eNB knows the need for SPS UL resource from UE is the most important implication.
For Solution D:

Observation D1:  The majority of companies do not see the use case of applications with regular interval and size.

Observation D2:  The impacts and implications are similar to Solution B, i.e. scheduling flexibility, RAN1 impacts and how to configure.
For Solution E:

Observation E1:  The majority of companies confirm the use case and benefit of Solution E, i.e. improving power consumption of software update via SC-PTM.
Observation E2:  The impacts and implications are similar to Solution B, i.e. scheduling flexibility and RAN1 impacts.
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