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1.	Introduction
[bookmark: _Hlk67504958]The work item for additional enhancements for NB-IoT and LTE-MTC was approved at TSG RAN#88-e [1]. One of the objectives of this work item is:
· For UEs supporting PUSCH sub-PRB resource allocation, study and if found feasible, specify support power reduction for PRACH, PUCCH, and full-PRB PUSCH, with a maximum reduction of e.g. 3 dB below sub-PRB PUSCH power.
Two interpretations of this objective were discussed at TSG RAN4#98-bis-e but no conclusion was made [2]:
· Interpretation 1: One interpretation of the WID is to maintain the max output power for sub-PRB transmissions as per UE power class while relatively reducing the max output power for PRACH, PUCCH and full-PRB PUSCH transmissions. The impact on both network and UE including pros and cons shall be discussed.
· Interpretation 2: The other interpretation of the WID is to maintain the max output power for PRACH, PUCCH and full-PRB PUSCH transmissions as per UE power class while relatively boost the max output power for sub-PRB transmissions. The validity of this interpretation should be checked across companies. If agreed, the impact on both network and UE shall be discussed.
This contribution provides some information on the related moderated email discussion in RAN and proposes the WF to complete this objective in RAN4.

2.	Discussion
The following is extracted from the summary of moderated email discussion on Rel-17 NB-IoT and LTE-MTC at RAN#85 [3], with discussion related to this objective highlighted in yellow for ease of reference:
<Start of extraction>
3.7	Others
1. LTE-MTC within smartphones
2. Enhancements to asynchronous shared PUR (pre-configured uplink resources)
3. Transmit power boosting above power class maximum
4. Application-layer response enhancement
5. LTE-M via satellite

	Company
	Selection(s)
	Motivation for selection(s)
	Other comments

	Eutelsat
	5
	LTE-M is wildly deployed but only reachable from terrestrial network areas. A complementary networks (NTN and TN) would address properly verticals needs that require an E2E IoT service without interruption.
Extension of LTE-M to NTN networks and in particular satellite connectivity will offer a true intrinsic worldwide coverage with a seamless integration for hybrid objects.  The combination of both networks unlocks new uses cases, especially oriented towards mobility, bringing the capability to communicate even in remote/rural areas.
	Same chipset used for TN and NTN  communications 

Satellite infrastructure and in particular LEO constellation is a mature  and efficient technology to  provide global reach to the LPWA IoT networks


	ZTE
	1
	For 1:  It can utilize LTE-MTC resource and save UE power consumption(e.g. for dual mode UE, it can camp on LTE-MTC mode in enhanced coverage or only monitor LTE-MTC signals in Idle mode to save UE power).
	For 2: Receiver performance in this scenario need further study. Overall performance gain need to be evaluated.  Also, this has big impacts on   specification so it’s better to study in later release.
For 3: Some further clarification is needed, e.g. whether new power class should be defined.
4: Further clarification is needed. If this refers the higher data rate to enable more demanding applications and lower response times, the “Introduce 16-QAM UL/DL” and “Introduce 64-QAM UL/DL” in section 2.2 have already covered.  If it refers to differentiation and enhancement of the application layer response packet, it can be performed by eNB implementation. So, clarification for this objective is necessary before any further considerations.

	Huawei, HiSilicon
	
	
	1: We understand LTE-MTC already supports this with non-BL UE.

More clarification is needed for 2 and 4 to understand the background and motivation.

3: We don’t think transmit power can be boosted above the power class maximum, it is not allowed.


	Nokia
	3
	Coverage enhancement
	Clarification needed on use cases and application to related commercial deployments. 

	 Ligado
	 5
	1. LTE-M will be carried into 5G in order to address mMTC.
2. Wider/fuller geographic coverage and very high network reliability are paramount customer requirements for wireless services generally, but for mMTC in particular. 
3. A multi-network approach—multiple RANs united by common standards and ecosystem—strengthens the standard by widening its reach and applicability and allowing end users to meet all, not most, of their connectivity requirements on its basis.
4. LTE-M is well suited to satellite adaptation, which will likely require only a minimal number of adaptations
a. Expected to be limited to addressing timers and timing issues due to longer Round-Trip Time, addressing repetitions, HARQ, random access and Doppler
5. Focus should primarily be on geostationary systems with bent pipe architecture,
a. Geostationary orbit and static beam patterns most closely mimic terrestrial cells, allowing the use of standard device and antenna configurations.
6. Standards based protocols can be implemented quickly without the deployment of new satellite systems
	Same chipsets can be used for terrestrial and satellite LTE-M devices.
Doppler in GEO systems is easily manageable.
Ligado and infrastructure partners have validated the adaptation of LTE-M over GEO satellite and standardization can be easily accomplished.
 

	SoftBank 
	
	
	3. More clarification is necessary what this specifically means… in any case it shall not violate the regulatory.


	Deutsche Telekom
	
	 
	Agree with Nokia

Especially we do not see “LTE-MTC” in Smartphones (what is needed on top of what is available today ?)

We don’t see “LTE-MTC via Satellite”


	Sierra Wireless
	3
5 Study
	3: Due to the lower PAPR for sub-PRB transmission specified in Rel 15, UEs may be able to transmit higher power for sub-PRB transmission which will increase the data rate and increase spectral efficiency (i.e. less repeats are needed) or coverage. This can increase coverage for especially for VoLTE when the data rate can’t be lower.

5: If this can be done without increase complexity of UE (ideally no hardware changes) and little or no physical layer changes, then this could be specified. 

	1: Most LTE-M features like CE can already be included in smartphones. More detail is needed here.

2: It is assumed that this is referring to CBS (contention based shared) PUR. Depending on outcome of Rel 16 PUR, this could be considered.

4: more information is needed.

	Telstra
	1
	A smartphone supporting LTE-MTC would extend its coverage massively over eMBB. For example, a customer in an emergency situation could use reduced capability, eg PTT, SMS, etc to call for help - this could be the difference between life & death 
	

	ESA
	5
	ESA supports this proposal. Following its many contacts with industry, ESA can confirm that there is a broad interest to see LTE-M working over satellite, either geostationary or non-geostationary, processed or transparent architectures, or even HAPS.

NTN LTE-M would enable to augment the geographical coverage of terrestrial NB-IoT networks and act as a back-up for terrestrial LTE-M networks.

Furthermore, ESA considers that NTN’s can exploit the current and future LTE-M multicast, positioning and localisation features in a very efficient manner, leveraging on the large geographical coverage and broadcast capabilities of NTN’s.

NTN’s would allow very fast deployment of LTE-M services over large geographical areas.

	Integration with eMBMS to support efficiently the broadcast/multicast feature of NTN desired.

Seamless interworking of NTN-enabled LTE-M networks with regards to network management capabilities (eSIM, OTA updates, … ) desired due to (very) remote installations.



	KPN
	6
	This should be combined with UE based relaying. For devices that do not have direct line of sight to satellite, UE relaying e.g. from one container to the next, increases applicability.
	See SA1 FS_REFEC work in 22.866v040 to be approved at next SA plenary. This includes a use case of container tracking via satellite.

	Fraunhofer
	1, 2
	1: MTC power saving technologies could be used to increase the lifetime of the devices on times when the smartphone is not in use and e.g. could cope with a higher paging delay. 

2: The standardisation impact of LTE-M via satellite is considerably larger than for NB-IoT. In addition coexistence of LTE-M and NR NTN has to be studied
	The benefit of LTE-M via satellite is not clear and should be further discussed; compared to NR NTN and NB-IoT via satellite.

	Vodafone
	
	
	Extended coverage is already supportable in “normal” LTE device categories. What is proposed here?

	Intelsat
	5
	Intelsat supports this proposal. 

NTN can provide an integrated global hybrid solution with terrestrial networks for end-to-end LTE-MTC services accessing multi-ran space-based Platforms (GEO, NGSO & HAPS) connectivities.



	
NTN will leverage TN chipset design & economy of scale for LTE-MTC.


.



	Qualcomm
	2
	Similar to section 2.9.
	Other Rel-16 leftovers / things dropped due to lack of time can be added closer to the closure of the WI.

	NOVAMINT
	5
	Huge demand for Satellite for asset tracking and other use cases
	Same as NB-IoT



	Sony
	3,4,5
	3: Current power amplifiers can already support this feature, so RAN specifications should support this. A UE operating with a “simpler waveform”, e.g. sub-PRB transmissions can operate with a lower backoff and still meet ACLR requirements. The lower backoff leads to a higher transmit power.

This feature can be considered as “power boosting”, where a 20dBm power class UE can be boosted to 23dBm; and a 23dBm power class UE can be boosted to 26dBm.

This feature will lead to lower UE power consumption and higher spectrum efficiency, through shorter transmissions. 

4: In previous releases, a UE can efficiently send data to the RAN network via features like EDT or PUR. However once data has been transmitted to the network, there may be a relatively long application-layer response time in the cloud, which may potentially be known to the network and UE.  When paging cycles or DRX cycles are long, the application response can be severely delayed. Hence we think it is necessary to better support application layer responses, e.g. by adding one or more additional paging opportunities for the network after an application layer message or by adding additional search space windows. 

5: IoT via satellites is an important market feature. We understand that the LTE-M link budget would be suitable for various satellite deployment scenarios. The substantial progress in NR-NTN can help to accelerate this feature.

	1: Already supported in LTE-M. The proposal needs to be clarified.




	Philips
	1,3
	1: a smartphone supporting LTE-MTC could be used as relay device for LTE-MTC based wearables (i.e. for battery saving), and extend the coverage of devices in poor coverage areas (such as deep indoors). Also, as mentioned by Telstra, it extends the coverage of smartphones which may be critical in emergency situations. 
3: transmit power boosting above power class maximum is useful in situations where additional coverage is needed (e.g. critical communication in areas with very poor coverage)..
	Topics 2 and 4 need some further clarification. 

Topic 5 may be useful if it does not lead to any additional device complexity. Unclear to us if that is feasible. 

	 Hughes Network Systems
	
5
	We propose that the studies be part of NTN.
The motivations to integrate satellite and terrestrial IoT applications:
· Coverage extension beyond terrestrial coverage
· Offloading delay tolerant IoT traffic using satellite asset
· Same chipsets can be used for terrestrial and satellite NB-IoT devices  
· Global coverage along with ubiquity 
· Enhanced reliability 
· Deployment Immediacy: There are other options for remote areas, but they come with significant time and expense requirements for new infrastructure.
Most IoT use cases do not have There are many reasons why satellite will be increasingly used for IoT.
	· Our sister company EchoStar Mobile (EML) owns an MSS band licence in Europe and authorised to deploy satellite and CGC (complementary ground component). The MSS band is already part of 3GPP band 65 and nr65. Same chipsets for terrestrial and satellite will enable the deployment of MTC service via satellite and its terrestrial component (CGC). EML satellites in MSS band have the advantage of large satellite antennas that compensate for link loss.  
· In the US market, fleet asset management is one of the best examples of Satellite IoT. The highway system passes through many remote, hard to cover, and vast rural areas.  Satellites have been used to track trucks and high-value cargo during transit. Other examples include farming, agriculture, manufacturing and public safety. 





	Ericsson
	
	
	1: We assume this is already possible.

2: This proposal seems to require an undesired costly new base station receiver.

3: We may be open to proposals on reduced UE power back-off.

4: The introduction of any feature that requires increased cross-layer interaction would need a strong motivation.

· 5: We currently do not see a need for this.

	Sequans
	5
	
	Same as for NB-IoT

	ORANGE
	2, 3
	2: Current PUR is almost limited to predictable periodic traffic. Extending use of PUR to aperiodic asynchronous traffic is useful to reduce overhead / latency of such kind of traffic.

3: Agree with Sierra that it could be beneficial for sub-PRB


	1: Agree with Telsra on the interest of LTE-M in smartphone for emergency situation, however Coverage Extension mechanisms have been enhanced in Rel16 already. Not sure what enhancements could be proposed in Rel17.

3: Possible interest but should remain compliant with regulation


	GTO
	5
	
	Same motivation as for NB-Iot, tracking and trace applications can benefit.  



<End of extraction>
It can be seen from the extraction that the discussion on this objective was begun as ‘Transmit power boosting above power class maximum’, with the potential of lower power back-off for sub-PRB transmission resulting in higher UE transmit power.
This objective was further discussed after RAN#85 on the RAN_DRAFTS reflector, the following emails are extracted from this reflector, with discussion related to this objective highlighted in yellow for ease of reference: 
<Start of extraction – 1st email>
From: Gus Vos 
Sent: Wednesday, December 11, 2019 10:12 AM
To: 3GPP_TSG_RAN_DRAFTS@LIST.ETSI.ORG
Subject: RE: [NB_IoT_eMTC_enh] WID scoping

Hi Matthew,

Thanks for the update.

WRT 16QAM:
UL was added back in but after some research on GPRS/EDGE UL data rates, I don’t see the justification. The GSM/EDGE Multi-slot class 10 (max 2 UL slots) only provides UL max data rates of 118.4kbps which is less than NB2 at 158.5kbps so there is no need to increase NB2 UL data rate to compete with GPRS/EDGE. Also , due to additional linearity for 16QAM, additional back-off be needed so RAN4 will very likely increase the MPR (max power reduction) for UL 16QAM which will reduce peak speeds in most coverage scenarios.

We don’t feel there is enough support for the cross carrier objective so we suggest this can be deleted.
· Specify support for DCI formats N0 and N1 transmitted on a given carrier to be able to schedule NPUSCH and NPDSCH respectively, on the same or another NB-IoT carrier. [NB-IoT] [RAN1, RAN2]

We agree that some other items could be added.

Our 1st priority to add would be “Sub-PRB tx power boosting” this would be for LTE-M only as this is already done for NB-IOT. This was discussed in the email thread and there was some misunderstand but no objections so perhaps I can try to explain this. For NB-IOT, the power class is based on single tone output power and then RAN4 has defined MPR when multi-tone is sent. Basically, this objective would be to provide the same functionality for LTE-M. There are at least two ways RAN4 can do this: Same as NB-IOT (define MPR for PUCCH,PRACH, and full-PRB), or define some TX power boosting levels for PUSCH sub-PRB allocation. The latter we feel is less confusing to the market but can be left for RAN4. The amount of MPR or increase can be left to RAN4 or we can cap it in RAN PL e.g. 3dB. Here is some wording for the objective:
Option1
· Support higher tx power for PUSCH Sub-PRB allocations vs full PRB PUSCH allocation. [Maximum increase of [3]dB above Full-PRB PUSCH] [LTE-MTC] [RAN4]
Option2 
· Support enhanced power reduction for PRACH, PUCCH, and full-PRB PUSCH. [Maximum reduction of [3]dB below Sub-PRB PUSCH] [LTE-MTC] [RAN4]

We also support the idea of some UE relay study or work.

We also feel some left overs on PUR would be useful. Specifically, we feel PUR is a bit limited since only 1 TB can be allocated which is a small amount of data. The idea to support MTBG with PUR was very briefly discussed but due to time was not added. Here is some wording for the possible objective:
· Support scheduling of >1 TB with pre-configured UL resource (PUR) allocation [LTE-MTC] [NB-IOT][RAN1, RAN2]

Thanks,
Gus
<End of extraction – 1st email>

<Start of extraction – 2nd email>
From: 3GPP_TSG_RAN_DRAFTS <3GPP_TSG_RAN_DRAFTS@LIST.ETSI.ORG> On Behalf Of Johan Bergman
Sent: miércoles, 11 de diciembre de 2019 11:56
To: 3GPP_TSG_RAN_DRAFTS@LIST.ETSI.ORG
Subject: Re: [NB_IoT_eMTC_enh] WID scoping

Hi Matthew and all,

Thanks for the draft WID. Here are some comments from our side.

16QAM:
· We are fine to keep the note “Regarding the objective to specify 16-QAM for NB-IoT, the purpose is to have a peak data rate increase whilst retaining differentiation between LTE-MTC and NB-IoT”.
· As pointed out by Gus below, the 16QAM objective, if included, should only be for DL, not for UL. The firmware upgrade argument may be valid for DL but not for UL. The NB-IoT UL data rates are already comparable with the GSM UL data rates, as explained by Gus below. The required UL power back-off and other means to cope with the required linearity for UL 16QAM also speaks against the usefulness and feasibility of supporting UL 16QAM in NB-IoT UEs.

Paging:
· RAN2 is still working on Rel-16 UE-group WUS and it has not yet been agreed to introduce the mobility-based UE-group WUS. If, when RAN2 has finalized its work, it turns out that the proposed objective is already adequately supported in Rel-16, we will agree to removing the objective from the Rel-17 scope in March, otherwise the proposed objective as formulated in the draft WID will be appropriate to ensure that we get either mobility-based UE-group WUS or mobility-based P-RNTI, whichever RAN2 thinks makes more sense. I agree that if we have one of them, it may be overkill to specify support for both of them, although it can be argued that one may be better than the other depending on the scenario.

Power class:
· We are fine with the proposed objective on a new power class of e.g. 4 dBm.
· We are also fine with the Cat-M power class proposed by Gus, to help extract the potential PAPR benefits of the Rel-15 sub-PRB feature, and there we prefer Gus’ option 2 over option 1. The impact should be restricted to RAN2 and RAN4.

RLF:
· Our understanding is that already a Rel-13 NB-IoT UE implementation should be able to gather information regarding suitable carriers to search for after a potential RLF, and the UE can also take into account the cell- and carrier-related information in SIB3-NB, SIB4-NB, and SIB5-NB, so we are not convinced about the need for this proposed objective. It also seems to go against the established mobility framework for NB-IoT. Further motivation would be needed in order to consider it at this point.

Quality reporting:
· The proposed objective on quality reporting seems to go hand in hand with DL 16QAM, so it should be included if DL 16QAM is included, otherwise not.

Carrier selection:
· We are fine with the proposed objective with the current wording. We do not want to mention services in the objective. RAN2 can still consider services as part of the “e.g.”.

Cross-carrier scheduling:
· We prefer to remove the cross-carrier scheduling objective and possibly replace it with some other, more attractive objective. The proposal seemed to have limited support and the overall scope of the WI seems unbalanced with respect to NB-IoT and LTE-MTC enhancements.

BR,
Johan
<End of extraction – 2nd email>
<Start of extraction – 3rd email>
From: 3GPP_TSG_RAN_DRAFTS <3GPP_TSG_RAN_DRAFTS@LIST.ETSI.ORG> On Behalf Of Matthew Webb
Sent: Wednesday, December 11, 2019 12:23 PM
To: 3GPP_TSG_RAN_DRAFTS@LIST.ETSI.ORG
Subject: Re: [NB_IoT_eMTC_enh] WID scoping

Dear all,

Axel and Volker are right. There have been 2 phases of email identification of commercially motivated objectives, in common with other WIs. A large number of companies contributed, and all took great care in their statements in that process. We are not running an on-the-fly creation process again now with purpose of TU-filling on things that few or no companies viewed as priorities in the months leading up to today.

16-QAM and CQI
We heard at some length from NB-IoT operator(s) yesterday, and again below, about their uses for UL 16-QAM. If the concern is differentiation between NB-IoT and LTE-MTC then (i) there’ll be the TSG-level statement included in the justification section. And (ii) perhaps the compromise is to do UL 16-QAM without TBS extension, but DL 16-QAM with TBS extension? Indeed as others mentioned, the CQI proposal is basically linked to 16-QAM. I wrote a merge of this proposal with some trimming of Alberto’s point.

RLF enhancements
It provides a further network tool to control the existing NB-IoT mobility framework. It is a prime example of RAN being able to improve the system in response to field experience. If truly there cannot be any benefit to this, RAN2 will decline to specify.

Tx backoff for LTE-MTC
This is a bit of a (RAN4) time-filler, but it did have some support during email discussion, with concerns/confusions about apparently tx’ing higher than power class maximum. Option 2 of Johan’s text could deal with those concerns: Support enhanced power reduction for PRACH, PUCCH, and full-PRB PUSCH. [Maximum reduction of [3]dB below Sub-PRB PUSCH] [LTE-MTC] [RAN4]. Note: not added yet due to […] for comment, etc.

Relay
I do note that two operators – TIM (for L3 NW-based) and Orange (for L2 UE-based) – have been quite clear they want it. But the multiple points of view have not come closer together. The only possibility to do so was the study phase, but that appears also not acceptable. Thus, the viability is not changed.

Regards,
Matthew
<End of extraction – 3rd email>
It can be seen from the extraction that the discussion on this objective was then changed to ‘Tx back-off for LTE-MTC’, with concerns/confusions about apparently the UE is transmitting higher than the power class maximum.
To summarize, although the discussion seems to begin in the context of interpretation 2, it appears that later there were some preferences on interpretation 1, which is the option the wording in the WID objective is more closely aligned with.
Therefore, to complete this objective in RAN4, it is proposed to follow the NB-IoT method to define the MTC UE power class using the maximum output power for sub-PRB transmissions and define MPR for PUCCH, PRACH, and full-PRB transmissions (interpretation 1).

3.	Conclusion
This contribution has provided some information on the related moderated email discussion in RAN and proposes the WF to complete this objective in RAN4.
Proposal: To follow the NB-IoT method to define the MTC UE power class using the maximum output power for sub-PRB transmissions and define MPR for PUCCH, PRACH, and full-PRB transmissions (interpretation 1).
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