NB_IoT_eMTC_enh Work Area
Email Discussion – Phase 1
1	Introduction
Companies are invited to give their preferences among and views on the proposals summarized below for potential inclusion as Rel-17 NB-IoT or LTE-MTC objectives, taken from inputs to RAN#84. Responses until August 31, 2019 will be summarized into a report on the status of the discussion to RAN#85, after which it is anticipated that further refinement of the potential objectives and structuring of the work will be undertaken until RAN#86. 
RAN guided the discussion as follows, according to RP-191551:
· Clarify motivation for further enhancement 
· Enhancements motivated by current commercial deployments 
· Items listed under each Work Area are not exhaustive and may be extended during the email discussion
Note that a proposal to add a Rel-16 objective on supporting 16-QAM for NB-IoT (see section 2.2) was discussed at RAN#84, in response to which this email discussion was started from June instead of September.
2	NB-IoT
2.1	Scheduling and latency enhancements
1. Additional NPDCCH period offsets and k0 values for NPDSCH
2. Reduced paging cycle
3. Multi-TB scheduling for 1 HARQ process
4. Dynamic indication of ACK/NACK repetition number
5. Enhancement to invalid subframe configuration
6. SI change notification and acquisition in connected mode
	Company
	Selection(s)
	Motivation for selection(s)
	Other comments

	MediaTek
	2
	Prioritize reduced paging cycle by UE specific DRX for new use cases – e.g. POS, smart door lock/ unlock.
	UEs can wake up form idle quicker for latency sensitive applications without affecting the setting of cell specific paging cycle.    

	ZTE
	2,6
	Regarding item 2, UE specific enhancement can be considered, while cell specific enhancement should not be considered. This is because NB-IoT is mainly used to transmit small data without latency requirements, and NB-IoT UE should have low power consumption. As for the UE specific paging, it can be considered to reduce the latency without increasing all UE power consumption. But cell specific paging cycle will impact all UE latency and all UE power consumption, so reduced paging cycle is not needed for cell specific paging.
For 6: It is beneficial to improve the  efficiency for SI reception (including ETWS etc) of  UE in RRC_connected state and It can save UE power consumption.

	For 1. Further study is needed to show if any gain exists.

For 3. Multiple TB scheduling for one HARQ process is similar to increasing HARQ process number. But the former is more complex and has no obvious gain. Also, this has not received large support in Rel-16 discussion. If it can be shown there is a need to further improvement, the focus should be on increasing HARQ process number.
For 4. The number of bits for ACK/NACK is fixed and the resources occupied is not big.  Benefit of enhancement is not evident. 
For 5, this should be considered only after the discussion of Rel-16 (co-existence issues).

	Huawei, HiSilicon
	2,3,4,5
	2: One of the original design targets for NB-IoT is to re-farm GSM carriers. Nowadays, NB-IoT module cost is already comparable with GPRS. The evolution needs not only to provide outstanding LPWA service experience, but also to ensure the NB-IoT eco-system is able to provide all existing 2G M2M services in GPRS coverage (normal coverage). NB-IoT has minimum 1.28s DRX cycle while GPRS can typically configure to 0.47s in real deployment. Thus, for replacing GPRS, the minimum DRX cycle of NB-IoT should support values similar to or less than GPRS.

3: In Rel-16, NB-IoT supports one DCI scheduling of 2 TBs for 2-HARQ processes. However, in poor coverage only 1 HARQ process is expected. In Rel-17, it would be good to support one DCI scheduling of multi-TB for 1 HARQ process to save large repetitions for DCI transmissions in poor coverage.

4: The repetition number of ACK/NACK is configured via RRC in current NB-IoT and may not be changed in many cases. Dynamic indication of ACK/NACK would lead to more flexible repetition adjustment for NPUSCH format 2 transmission, and also benefit UE Tx power control which is associated with repetition number.

5: Existing valid/invalid sub-frame configuration bitmap has a periodicity of 10ms and 40mswhich restricts the configuration. Depending on the Rel-16 WI outcome, introducing a more flexible valid/invalid sub-frame configuration in Rel-17 would be useful to avoid unnecessary resource waste and improve resource sharing with others e.g. NR.

	1: Is there any reason for only NPDSCH? We understand the intention of this proposal is to have more flexible time arrangement for TDM scheduling. Considering it would require a new DCI, if there is going to be a new DCI in Rel-17, this proposal can be considered together with that.

6: What kind of SI change should the NB-IoT UE monitor in connected mode? Does it include public safety e.g. ETWS?

	Nokia
	
	Enhancements listed above are mostly continuation from previous WIs, not necessarily seen as critical enhancements.
	It is not clear if the enhancements listed in this section are motivated by current commercial deployments, and they are not considered a priority from our point of view.

	SoftBank
	
	
	Enhancements for scheduling & latency have been discussed intensively, but they have not been ready for the commercial deployments. We need more discussion to identify what the real problem is.

	Deutsche Telekom 
	1
	We agree with MediaTek that only 1 is needed as clear enhancement motivated from commercial feedback we get from vertical. Reducing the DL latency would open up the market of NB-IoT for such segments where “around 1s feedback” is needed (door opener, lock opener etc)
	We do not see much motivations for significant other enhancements as the market such first adopt the various NB-IoT enhancements we have seen from Rel-14 to -16.

	Sierra Wireless
	2
	2: Shorter UE specific paging cycles will better support applications which need lower mobile terminated latency e.g. home automation, public lighting. Other C-DRX optimization for power consumption may also be needed. 
	Others: There is large gap between standardization and commercialization for NB-IOT so the motivation to add new features in Rel 17 is much higher than previous releases and the other feature are not seen as urgently needed.

	Lenovo&MotoM
	2
	For 2, reduced paging cycle could make more flexible UE service, but we need also consider the UE power saving for this item.
	

	Xiaomi
	2
	Reducing the paging cycle is beneficial to broaden the use case of NB-IoT and improve the user experience. This is good from the aspect of commercial NB-IoT. Maybe it is not good for the power saving, but supporting DRX configuration in UE-specific way could provide more choices at least  for UEs don't suffer the power problem

	For 1, 5, 6 we don’t see strong motivation. 
For 3， it  seems this solution is quite similar to supporting multiple  HARQ process. But the risk is retransmission. Once one TB is not decoded correctly, how to handle the retransmission. It seems quite complicated 

For 4, supporting dynamic repetition indication relies on accurate channel status and fast channel status feedback. But for NB-IoT， these two requirements seems difficult to be satisfied. Thus whether the dynamic indication could really work is one  question. 

	Vodafone
	2
	Can be useful as long as it is isolated to UEs that need it, and doesn’t impact other UEs that do not need such services.
	

	Qualcomm
	2
	2. Different applications may have different latency requirements, and it is beneficial that the NB-IoT allows for different cycles for different UEs.
	This should be “smaller DRX cycle” and/or “UE-specific DRX cycle”

	Volkswagen AG
	2
	Reduced paging cycles allow for improved user experience of certain applications like remote unlock.
	UE can wake up quicker.

	NOVAMINT
	
	Not a priority
	Latency is not a priority for NB-IoT use cases

	Philips
	2,4
	Feature 2 is useful to address more use cases with NB-IoT. Feature 4 is useful for power saving and/or enhanced reliability.
	

	Ericsson
	1, 6
	1: Improved scheduling flexibility can improve spectral efficiency by avoiding wasting available subframes. It is important that the control channel (NPDCCH) can be transmitted efficiently and that the data channels (NPDSCH/NPUSCH) can be scheduled at the time when the resources are available. The current timing relationships make it challenging to exploit all available resources in the time domain.

6: By enabling system information change notification and acquisition in connected mode, the need to release UEs to idle mode can be avoided and the signalling load and latency can be reduced. For example, this allows smoother coexistence with other RATs such as LTE and NR in scenarios where resources need to be reconfigured simultaneously in NB-IoT and the other RAT.
	2: It is not clear that the use cases targeted by NB-IoT require a shorter DRX.

3: Multi-TB scheduling for 1 HARQ process would be associated with complicated scheduling and undesired new functionality in L1 or MAC.

4: The UL interference issue might be better improved by introducing an UL TPC command in the DCI as proposed in Section 2.3.

5: This seems to be addressed by the ongoing Rel-16 WI.

	Sequans
	None
	Latency should not be considered for NB-IoT applications and Most enhancements are not justified with a valid use case.





	2) current NB-IoT paging cycles are adjusted to the NB-IoT target applications. Delay sensitive applications can be served by other UE categories

3) agree with ZTE reasoning. Same scenario could be served with multiple HARQ

4)dynamic indication may increase the overhead. Benefit should be well demonstrated.

5) could be reconsidered once Rel-16 coexistence work is done

	GTO
	None
	Latency is not a key aspect, additional enhancements bring less and less benefit and come at higher costs, given implementation, testing.,…
	Devices brought into the field are far behind what is currently standardized. Further enhancements should only be considered where market shows clear need and shortcomings.



2.2	Peak data rate enhancements
1. Introduce 16-QAM UL/DL
2. Introduce 64-QAM UL/DL
3. Support of wider bandwidth/multiple NB-IoT carriers
4. Introduction of  4 HARQ processes 
5. Enhancement for high code rate repetition

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

	MediaTek
	1
	1) Prioritize for higher data rates for new use cases – e.g. FOTA for SW upgrade, VAD, health, POS …This is essential for  NB-IoT replacing GSM/EDGE for IoT in some markets but unable to address all requirements
3) wider bandwidth NB-IoT is a regional requirement with specific spectrum deployments and a specific market. The higher bitrates could enable a multitude of applications that cannot be supported by legacy NB-IoT. With this understanding we are supportive of wider bandwidth/multiple NB-IoT carriers
	1) Minor impact on specifications

	ZTE
	1,3,4
	For 1: Introduction of 16QAM can improve NB-IoT UL/DL transmission efficiency. Also 16QAM can increase the peak rate to approximately 2 times compare to Rel-16 NB-IoT. Hence, 16QAM should be introduced to enhance UL/DL data rate in Rel-17 NB-IoT.
For 3: For higher data rate, wider bandwidth/multiple NB-IoT carriers can be considered.
For 4: It can reduce UL/DL switching time therefore it  can improve the peak rate up to 26.7% .It can also reduce PDCCH overhead if used together with multiple TB scheduling.
For 5: RV is not supported in downlink transmission. For   high code rate repetition, the performance loss is about 2dB. So performance enhancement for high code rate  repetition should be considered

	For 2: NB-IoT is mainly used for low cost and low complexity UEs and   64QAM requires higher complexity. Moreover, 64QAM is not applicable for large coverage scenarios. It can be observed that in eMTC, the maximum TBS of 64QAM is still the maximum TBS corresponding to 16QAM modulation in order to limit UE complexity. So for Rel-17 NB-IoT,  64QAM should not be considered, or  should be  put in low priority.


	Huawei, HiSilicon
	1,3
	We share the view that there are demands from the market to see NB-IoT support more IoT applications related to human experience (e.g. health/fitness, emergency IP based voice, public safety etc.), other than just connecting things. These use cases require a higher data rate and lower latency than metering. In addition, firmware upgrade in FOTA also requires higher data rate to save time which also results in lower UE power consumption. Higher data rate is also good for E2E latency reduction in normal coverage, which benefits some IoT use cases related to human experience in terms of latency e.g. POS machine, smart door lock etc. We also observe that in real deployments many geographical areas are in good coverage with high SNR.

1: 16QAM can be considered as a simple way to support higher data rates than QPSK. We also think that the power offset between NRS and NPDSCH in the downlink should be considered when introducing 16QAM. 

3: Supporting wider bandwidth/multiple NB-IoT carriers is also attractive to support higher data rates. Meanwhile, to achieve same data rate, it can provide scheduling flexibility to get better coverage by using wider bandwidth/multiple NB-IoT carriers. In addition 3 also can be used together with 1.

	2: We think 16QAM + 2 NB-IoT carriers wider bandwidth has the same peak data rate as 64QAM and has better coverage, so 64QAM may have lower priority.

We are taking some more time to consider those new added bullets 4 and 5.

	Nokia
	
	
	It is not clear if the enhancements listed in this section are motivated by current commercial deployments, and they are not considered a priority from our point of view.

	SoftBank
	
	
	We would discuss more if the peak data enhancements at this late stage really address the market demand. If specified, it should have no impact on UE/eNB cost. 

	Deutsche Telekom
	
	
	We agree with Softbank and Nokia: there is currently no motivation from the market for any of these enhancements.


	Sierra Wireless
	
	
	Methods to increase data rates only in good coverage (e.g. 16/64 QAM) are not useful to our customers. Our customer design the application based on the expected data rates in normal coverage scenarios.

High data rate support was not included in NB-IOT to reduce the complexity of NB-IOT UEs. There is no motivation to increase NB-IOT UE complexity now.

NB-IOT was not designed to be a high data rate technology.   Applications that need higher data rates should use LTE or LTE-M.

	Lenovo&MotoM
	1,3
	For 1, higher modulation scheme is the straightforward way to improve the peak data rate for potential new NBIoT use case, which needs less standard work.

For 3, wider bandwidth support is attractive scheme for higher data rate improvement for sufficient frequency resource, especially for  inband and standalone operation mode.
	

	Xiaomi 
	
	
	From our aspect, we don’t understand what is problem of current NB-IoT in terms of peak data rate and what the target of this improvement is. Thus, before we discuss which technique should be included in R17, we need to be clear what the target of the peak data enhancement is. Then we could pick solutions that have less impact on the complexity and cost. 
 

	Telstra
	1,2,3,4,5
	We do see need higher peak rates to serve new uses cases – we have eMTC for those verticals. 
However, we are seeing many NB-IoT customers attempting over the air firmware upgrades and consuming many years of battery life in the process. 
Higher peak throughputs would help in this situation and lower customer TCO. 
	

	Fraunhofer
	1,2,3
	1,2: We understand the motivation of some companies’ to support 16QAM for NB-IoT, we do not support the introduction of 64QAM. NB-IoT nodes should be low-cost and low-complexity devices and a higher modulation is contrary to this objective.

3: Support of multiple NB-IoT carriers increases data rate, also in areas with bad coverage
	

	Vodafone
	
	
	Still investigating, but similarly concerned about impact on device ecosystem in terms of costs.

	Qualcomm
	1,2,3
	Both higher order modulation and support of multiple carriers allow for 1) Reduced power consumption (higher spectral efficiency and/or data rate reduces the ON time of the UE), 2) Support of new applications (e.g. applications that may require higher data rate)
	

	Volkswagen AG
	1,4
	1: 16QAM offer higher data rates which may allow new approaches to realize some use cases like e.g. SW updates.
4: More efficient HARQ processes also contribute to higher data rates by maintaining a robust communication. 
	

	NOVAMINT
	1
	Agree with Mediatek & Huawei on the rationale
	We support 1 but it is not the absolute priority for verticals’ points of views

	Sony
	
	
	1,2: These features would increase peak throughput in the cell centre, but do not support new applications, since new applications need to work at the cell edge as well as the cell centre.

3: Wider bandwidths for NB-IoT is basically LTE-M. If applications need these wider bandwidths, LTE-M would be a better choice. 

	Reliance Jio
	1, 3
	1: Introduction of 16QAM can be prioritizied to improve NB-IoT UL/DL transmission efficiency and peak rate. 
For 3: For higher data rate, wider bandwidth/multiple NB-IoT carriers should also be considered.

	1 and 3 are priorities for us

	Philips
	3
	Wider bandwidths could be useful for firmware upgrades, and other situations where temporary use of higher datarates may be needed (e.g. alarm/exception situations). 
	Need to take care that this does not lead to much higher complexity of devices.

	Ericsson
	
	
	We are in general not supportive of proposals that increase the UE complexity and/or increase the overlap/blurring between NB-IoT and LTE-M in terms of use cases. The current distinctness of NB-IoT and LTE-M should be maintained.

For the 16QAM/64QAM proposals, we also have additional concerns regarding potential costly undesired renewed base station recertification.

	Sequans
	None
	
	We should maintain the clear differentiation between the different IoT segments. NB-IoT is targeted for the lowest end, lowest complexity, lowest throughput applications

	ORANGE
	
	
	Like Softbank, Nokia and Deutsch Telekom, Orange does not see any real interest for higher data rate / more complex NB-IoT. It seems to us that one of the main value of NB-IoT is its low cost / low complexity and such evolutions could weaken it.
In addition, we consider that LTE-M is already able to address the use cases envisaged with the Rel17 peak rate enhancements for NB-IoT

	GTO
	None
	
	We should not try to close gap towards other categories.
Higher order modulation has also impacts on receiver and transmitter concerning linearity and back off. This may only be needed in view applications, hence causes additional fragmentation or higher costs for unused features in other use cases.



2.3	Interference and load management
1. Prevent NPRACH coverage level ramping in high NRSRP
2. Improve NPRACH opportunity distribution in time domain
3. Introduce Transmit Power Control command in DCI
4. DL power allocation for NPDCCH, NPDSCH
5. Introduce PHR in connected mode
6. Random access carrier selection improvement
7. Paging carrier optimizations

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

	ZTE
	1,3,4,5
	For 1: NPRACH CE level ramping could happen in high NRSRP scenario and affect system resource usage. Methods could be studied on how to avoid this behavior .Specification work can start if gain can be shown.

For 3: In Rel-16 NB-IoT, DL power allocation adopts a fixed ratio of NPDSCH EPRE and NRS EPRE. In Rel-17, configurable ratio of NPDSCH EPRE and NRS EPRE and power boosting can be considered to support higher modulation order and larger TBS.

For 4: UL closed-loop power control can be considered to support higher modulation order and larger TBS.

For 5: Based on current NB-IoT specification, UE can only send Power Headroom level over DPR in Msg3 together with a CCCH SDU. The PHR may be out of date when the UE is assigned to another carrier by Msg4 or RRC reconfiguration. And if 16QAM and/or power control improvement is introduced in Rel-17, more accurate PH value will be needed. Furthermore, considering that the radio condition or even the CEL may be changed for the UE in RRC_CONNECTED state, it  may happen that the reported PHR information in Msg3 is out of date for new data scheduling. Therefore, the Power Headroom level update should be supported in RRC Connected mode.

	For 2: After receiving Paging message, when to send Msg1 to start the random access procedure is UE’s implementation. Furthermore, in current specifications nprach-Periodicity and nprach-StartTime seems flexible Enough. We cannot find any strong requirements to improve NPRACH opportunity distribution in time domain.

For 6: Random access preamble should be selected with equal probability for better preamble resource efficiency, e.g. if some preambles are selected with higher probability, the preamble collision probability will increase when these preamble are used frequently, while the other preambles are seldom used as resource efficiency will be reduced.
Based on the current specification, the preamble can already be selected with equal probability. E.g. eNB can configure the selection probability for the anchor carrier NPRACH resource (nprach-ProbabilityAnchor) to balance the preamble load between anchor carrier and non-anchor carrier. And multiCarrier-NPRACH capable UE will the UE will randomly select one of PRACH resource using the following selection probabilities:
-	the selection probability of the anchor carrier PRACH resource for the given enhanced coverage level is given nprach-ProbabilityAnchor.
-	the selection probability is equal for all non-anchor carrier PRACH resources.
So, improvement is not necessary.


	Huawei, HiSilicon
	3,4,6
	3: Power control enhancement for more efficient resource/interference management is always attractive for real deployment. We can consider it if a new DCI is introduced.

4: As stated in section 2.2 above, we believe at least it must be supported in associated with 16QAM for NPDSCH

6: Current access barring is a cell specific configuration. The intention here is to allow certain NB-IoT carriers to be only used/not used for certain UEs. (e.g. in a factory or campus)

	More clarification for 1 and 2 is needed to understand the background and motivation.

5: We guess it refers to the case that a large size data packet arrives in the UE and cannot finish in Msg5. We would like the proponents to clarify the use case.

	Nokia
	
	
	It is not clear if the enhancements listed in this section are motivated by current commercial deployments, and they are not considered a priority from our point of view.

	SoftBank
	
	
	We would like to firstly understand whether these enhancements are motivated by the problem of current commercial deployments. 

	Deutsche Telekom
	(1), (2) & (6)
	
	Focus should be clearly given on enhancements which come from the market need or operator observation from commercial deployments.

With wider adaption of NB-IoT the load and thus the interference in the network increases. Means to minimise these should be studied based on real scenarios.

	Sierra Wireless
	
	
	There is large gap between standardization and commercialization for NB-IOT so the motivation to add new features in Rel 17 is much higher than previous releases. The main motivation here is to increased capacity but this is not seen as a critical issue so none of these features are seen as urgently needed.

	Lenovo&MotoM
	3,4,5
	For 3, Closed loop power control is beneficial  the interference management and  UE power reduction, especially for UE with good coverage scenarios

For 4, NRS power boosting is beneficial for channel estimation
	

	Xiaomi
	
	
	Don’t see strong motivation for the topics listed above

	Fraunhofer
	2,6
	This can be used for access baring and reliability improvement for services with different latency requirements, e.g. IoT applications related to human experiences require fast access (e.g. health & fitness, POS machine, smart door locks), while metering applications might cope with longer delays.

2: improves the time to access, where

6: can reduce collision probability by load distribution by selection among multiple random access carriers.
	

	Qualcomm
	7
	Rel-16 NB-IoT carrier selection for paging depends only on UE_ID. This can lead to cases of unfairness where one UE may see increased interference in a non-anchor carrier, and may not be able to receive paging. Some mechanisms should be introduced to avoid this scenario.
	

	NOVAMINT
	
	
	Not sure it should be a priority

	Philips
	1,3
	Better control over transmit power is beneficial for energy constrained devices.
	

	Ericsson
	1, 2, 3, 5
	1: Transmissions that use large numbers of repetitions for coverage enhancements can cause excessive resource usage and inter-cell interference if they use the wrong power or repetition levels. Transmissions with the wrong power level or wrong repetition level may also cause unnecessary UE power consumption. The NPRACH CE level determination is sensitive to NRSRP measurement errors as well as load and interference variations in DL and UL. If the MAC random access procedure is adjusted to prevent NPRACH CE level ramping for UEs that experience high NRSRP, the NPRACH CE level ramping can be configured more aggressively than today. 

2: Mobile-terminated (and possibly also mobile-originated) traffic from different UEs can tend to concentrate in the time domain due to e.g. common paging occasions. If the NPRACH attempts from the UEs can be more randomized in time, the resources can be used more efficiently.

3: UL transmission with the wrong power level causes unnecessary interference and power consumption. For UEs in good coverage, closed-loop UL power control is essential. It can be implemented in a similar way as in LTE, with a small TPC command field in the DCI.

5: UL link adaptation and power control can be greatly assisted by a power headroom report in connected mode. This will help UL spectral efficiency and power consumption. The existing power headroom report design used in Msg3 could be reused in connected mode.
	4: This DL power allocation proposal may be of interest only if it avoids regulatory impacts.

6: We currently do not see a need for this.

7: We currently do not see a need for this.


	Sequans
	1 
	1) we support a method to better differentiate between RA failures due to contentions and RA failures due to bad radio conditions

	3) power control in DCI benefit apply only to UEs in good radio conditions and the benefit is questionable. At the same time, it may decrease the range / increase the number of repetitions for UEs in bad radio conditions.
4) use case is unclear

	GTO
	None
	
	We don’t see strong motivation for topics listed above.



2.4	Power consumption reduction
1. Differentiate between escalated and non-escalated paging
2. Relaxed NWUS monitoring requirements
3. Very low UE  power class, e.g. 0 dBm
4. Power consumption reduction for multicast
5. Power consumption reduction for Positioning
6. Relaxed paging monitoring
7. Additional NRS
8. UE relaying
9. PUR leftovers
10. Early UL termination for HD-FDD
	Company
	Selection(s)
	Motivation for selection(s)
	Other comments

	MediaTek
	3
	New power class 0 dBm for pin-sized wearable use cases could allow new NB-IoT deployments – e.g. heath sensors
	Minor impact on specifications

	ZTE
	3,4,5
	For 3: The study should be based on the use case and IoT domain requirement. E.g. if UE with lower UL coverage range and lower power cost exists, it is necessary. 

For 4: Because UE only receives multicast service in idle state, in order to ensure that all UEs can receive multicast service, Enb will send multicast service repeatedly and periodically. Because it is impossible to identify new multicast data or retransmitted multicast data, UE that has successfully received multicast data will continue to receive duplicate multicast data, so power consumption reduction for multicast should be studied.

For 5: Based on the current specification, NB-IoT positioning can only be performed in idle mode,e.g. when positioning is configured for a UE in RRC connected state, the UE will enter into idle mode to perform the positioning measurement and then establish an RRC connection to report the positioning results. This procedure costs higher UE power consumption. And the positioning delay is also very long with this procedure. Therefore it should be improved.  
	For 1: This should be based on the Enb implementation. E.g. Enb can paging the UE based on the Assistance Data for Paging by escalated paging or non-escalated paging. 
For CSS-paging detection, UE will monitor the search space candidates gradually. The monitoring can be stopped based on UE SNR, which will not consume UE power much.

	Huawei, HiSilicon
	
	
	1: More clarification is needed to understand the background and motivation.
2: If Rel-15/Rel-16 already supports this, what does the relaxation in Rel-17 mean?
3: 14dBm UE was introduced in Rel-14, we haven’t seen mature applications in real deployment. If there are market demands for 0 dBm UE, we are open to consider it. 

We are taking some more time to consider those new added bullets 4 and 5.

	Nokia
	
	
	It is not clear if the enhancements listed in this section are motivated by current commercial deployments, and they are not considered a priority from our point of view.

	SoftBank
	
	
	1.Same view as Huawei. Motivation is not clear
2.4.5 We should be careful to enhance these functionalities, which are not currently deployed.
3.clarification is necessary: motivation & use case is not clear

	Deutsche Telekom
	
	

	Power consumption is always an issue and should be improved. We are unsure if this really motivates work in Rel-17 as most of the deployments have not yet been updated to all the Rel-14 to Rel-16 improvements

	Sierra Wireless
	1,5 for study
	Better battery life is always requested by our customers so some improvements could be considered here. 

1 and 5 should be studied and if found beneficial, they can be specified.


	2- there is already some relax monitoring in Rel 15/16 and any additional relaxation will likely not provide much power saving gain 

3 – this will not reduce power but only decrease peak power which is not seen as a priority. Very small Integrated solutions can be produced at 14 dBm already.

4- Multi-cast commercialization is limited and very few customers are asking for this. 


	Lenovo&MotoM
	1,2
	For  1, The feature may reduce the paging alarm probability, it is aligned to key purpose of WUS grouping design,

For 2,  Based on the Rel.15/16 WUS design, NWUS monitoring could be further optimized to reduce NB-IOT UE power saving on  false alarm and UE grouping.
	It should consider the current WUS grouping rule, the complexity of different WUS grouping rule working together is foreseeable.

	Xiaomi 
	3
	 At least we could study this topic considering the wearable use case as mentioned by MTK
	

	BT
	
	The topics to achieve power consumption reduction should be chosen after the trade-offs are well established for choosing one topic over the others. 
	Power consumption (consequently battery life) in NB-IoT is always a topic of discussions when assessing a wide range of LPWAN technologies for IoT solutions. It will be desirable to have a battery life for NB-IoT based field devices that are very closely comparable to other LPWAN technologies. 

	Fraunhofer
	3
	A new power class will be necessary for the following use cases:
· Reduced Range devices
· Relaying Devices
· Wearables
	Even though Relaying is a separate topic, the low-power-UE will benefit this use case due to interference improvements.

	Vodafone
	3
	We proposed 3 in the workshop so should explain a bit more. We see that there is a whole range of sensors (particularly wearables) that require background or event reporting that will require very small form factors, and the available peak current level of the battery would limit the available output power to something like 0-3dBm. If NB-IoT can be incorporated into such “very small form factor” devices, then there are opportunities for them to connect to cellular networks, and a new power class matching such output power limits would enable a smaller modem size and cost appropriate for such a use case. Whilst a relay would be useful for battery life for frequent reporting, we don’t think it is essential for e.g. for alarms/events, where a relay may not be there, but you still want to get information to a network. Also, for local area networks there would be opportunities.
	Similar comments to DT on 1,2,4,5.

	Qualcomm
	6,7
	6. We observe that, for meeting the paging requirements of 1% BLER, the UE has to be awake for a very long time to account for the possibility of very strong fading. The lack of diversity means that the repetitions to achieve 1% are much higher than that for 10%. We propose to allow for 10% BLER in paging monitoring, which can be combined with reduced paging cycle to achieve the same delay with significant power savings (e.g. monitor paging with 1.28s@10%BLER vs 2.56s@1%BLER).

7. In low SNR regimes, we observe that it would be beneficial to have additional reference signals - the performance is limited by channel estimation, and having additional NRS can greatly improve the performance in enhanced coverage conditions.
	Not clear what 2 is

	Volkswagen AG
	5
	Many NB-IoT applications require positioning and will benefit from enhanced power savings.
	

	NOVAMINT
	4,5,8
	8. The most important power consumption reduction is expected to come from UE relaying. This is especially relevant for Logistics/asset tracking and utilities when power consumption is considered not device by device but as a whole for all devices involved and where relaying (and all mechanisms involved to support that) is consuming less than if all devices were communicating directly with the network.
In all use cases (logistics, utilities…), which are representing potential billions of devices, this is what will make the difference to use cellular IoT instead of other technologies as this will provide significant power consumption for all devices particularly for the devices that are not in good coverage (CE level 2 or 3, harsh environment…).
4,5. These are issues for improvements that are important for verticals but not as important than UE relaying
	We urge companies to consider additional significant power consumption reduction features as first priority for Release 17 and not minor improvements which will not make a huge difference for verticals that have millions of devices with strong constraints on the battery life.

	Sony
	
	
	1: It is not clear to us that there is a *significant* power saving gain. If a UE can skip receiving escalated paging, it seems to only be able to skip decoding the NPDSCH associated with the escalated paging

2: Reducing the NWUS monitoring requirements allows the BLER operating point for NWUS to be increased (e.g. to 10%) and the ensuing paging miss rate for NWUS can be compensated by operating with more frequent DRX. We think this can already be achieved in R15/R16 by network implementation. What needs to be done?

3: Operation of NB-IoT / LTE-M with coin cell size batteries is an important feature, but it is not clear that a 0dBm transmit power is the suitable level.


	Reliance Jio
	3, 5
	3. New power class 0 dBm will cater to new use cases 

5: Power consumption for Positioning is a concern. Currently, NB-IoT positioning can only be performed in idle mode, leading to switching between Idle and connected modes for Positioning configuration and reporting.
	

	Philips
	3
	Reduction of peak power is essential to enable coin-cell based wearable devices, which are important for the healthcare industry.
	For topic 8, added by Novamint, we refer to Section 2.5

	Ericsson
	1
	1: When there are many UEs in the network, there will be many paging attempts, not only the initial paging attempts in the last known cell, but also escalated paging attempts in other cells. All these escalated paging attempts will cause UEs to read the paging records in the NPDSCH. It would help reduce power consumption if UEs that know that they have not moved from the last known cell would only be required to monitor for initial paging attempts, not escalated paging attempts. The separation can be done e.g. using different P-RNTIs.
	2: We do not want to see degraded paging robustness.

3: If a very low UE power class is specified, it is important that the network can control whether the device is allowed to access a cell.

4: We currently do not see a need for this.

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

6: We do not want to see degraded paging robustness.

7: Introduction of additional NRS would require a strong motivation. Earlier RAN1 studies have indicated that e.g. channel estimation over multiple subframes can achieve the required coverage at least for the initially targeted scenarios. In the special case when NB-IoT is deployed using the “in-band deployment mode” within an NR carrier when there is no LTE carrier present, we may be open to repurposing the LTE CRS REs, though. The repurposes REs could either be used for NRS or for data.

8: See Section 2.5.

	Sequans
	9, 10
	9) pending the conclusion of Rel-16, some PUR enhancements / leftovers shall be considered e.g. CFS PUR, improved UL transmission avoidance
10) EDT for FDD & TDD is already defined however, market detects a strong need for similar support for HD-FDD 
	1) it can be further discussed, considering the power consumption impact on mobile NB-IoT applications e.g. tracking devices. 
2) a lot of standard work had been done on WUS and further benefit is not clear
3) it is not clear if the UE complexity could be further decreased by further lowering the power class

	GTO
	1,5
	
	We believe 1 and 5 are issues worth to be studied as we see applications that could benefit from improved power saving/power saving and positioning.



2.5	Relaying
Companies consider two categories of relay solutions in general: a UE-based relay or a NW-based relay, and within this there are solutions which could be L1, L2, and/or L3 relay. In this first phase of email discussion, companies are requested to set out their views on what requirements a relaying function should meet, and the moderator will present a consolidated requirements set to RAN#85. The second phase of email discussion will, if appropriate, engage in further refinement towards potential WID objective(s).
	Company
	Requirements for relaying
	Motivations
	Other comments

	MediaTek
	L1 relay
	Uu-based smart repeater, minor impact on specifications, no impact on NB-IoT device HW as L1 repeater can be transparent to UE. The eNB can configure L1 repeaters in a smart way to mitigate interference between repeaters.
	UEs in coverage black hole or lower power class UEs

	ZTE
	
	All R14/15/16 evolution solutions are helpful for  IoT devices of later version. But they don’t work for legacy IoT devices on the market while IoT devices are supposed to work around 10 years. Furthermore the basic idea to extend coverage for IoT system is through channel repetition. However the more the channel repetition , the more power is consumed.  The repetition scheme also cause shortage of radio resource and leads to much less network capacity.
So an invisible relay node, which is transparent to UE and can also help legacy IoT devices, should be considered.

However, considering the relative independent scope of this study, also the available TU for the IoT WID, it should be considered together (not separated for NB-IoT and eMTC) and studied in another dedicated SID with its own TU. 
It is not appropriate to be included here.

	The IoT relay should be based on the following consideration:
· Can be used by legacy IoT devices
· Extend the UL coverage.
· Improve  radio resource efficiency(e.g. less repetition number) and reduce UE power consumption
· Does not increase the UE complexity.


	Huawei, HiSilicon
	Uu based IoT relay is preferred including repeater, then existing devices in the field can also benefit from relay deployment.
	In some places e.g. basement, the coverage may be poor due to the limitation of setting up a base station (location, power supply, deployment cost, or other aspects). Thus, a low-cost and easy set-up relay is desired to provide further coverage extension.
It also can save repetitions and hence improve battery life for devices in poor coverage. In some locations e.g. home, all devices are in the coverage of eNB. If a hub-like relay can gather the transmission and forward from/to eNB, the battery life of the end devices as well as NW resources can be saved.
	The relay can be controlled by the eNB.

	SoftBank
	Support of legacy NB-IoT UEs
	
	It is not clear whether standardization support is needed or not, though. 

	Deutsche Telekom
	
	 
	There is no need for sophisticated L2/3 relaying, UE-2-UE sidelink or whatever.

We see L1 relays – similar to MediaTek – as an attractive solution in case of deep coverage needs.
 

	Sierra Wireless
	
	If a Uu based IoT relay is specified – the relay feature should be able to be added to all NB-IOT UEs without substantial increasing the cost of the NB-IOT UE.  
Coverage extension should not be the priority but reduce repetitions and improved battery life for UE in deep coverage is the main motivation.


	

	Lenovo&MotoM
	
	Relay is most important feature supported in Rel.17 for UE coverage enhancement and UE power consumption reduction, Uu based IoT relay is preferred
	

	Xiaomi
	
	Relay is beneficial to the coverage extension and power saving from the aspect UE. For the NW aspect, supporting relay is good fo the resource efficiency improvement. We consider relay is one important feature in R17

But on the hand, we don’t expect significant cost and complexity increase on the device side. 

	

	Telstra
	
	Completely agree with Huawei comments, a NW based relay is needed
	

	TIM
	Uu based solutions supporting existing devices in the field
	Very attractive solution to extend coverage and battery life
	Important to minimise the impact on specifications and support existing devices

	KPN
	UE relay prefered as more flexible option
	UE relay has advantage that no specific relay/repeater device is needed. UEs can act as relay for other UEs. 
Furthermore, relay should also be possible when mobile or deployed in different countries (e.g. in train, ship, car, plane). Therefore the relay should not be assumed to broadcast location/country based information (e.g. MCC/MNC as in SIB from a base station).
	See SA1 REFEC work on multi-hop relays (TS22.866v040) to be aproved at next SA plenary. This also includes requirements and traffic scenarios for IoT applications such as metering, tracking/tracing, and factory of the future.

	Fraunhofer
	· Scheduling of Relay-Uplink Resources directly by RelayUE
· Scheduling of Relay-Uplink Resources by eNB via RelayUE
· Need for contention-based RelayRACH
	· Coverage Enhancement/Indoor penetration
· Wearables
· Reducing power consumption
· Aggregation devices (NW and UE-based) for residential buildings
· UE-based Relays for consumer use cases
	A relayed device is called an Orphan Device or Orphan UE in other standards



	Vodafone
	Support to existing devices.
	Simple approach to cover UL power limitations, i.e. to allow a lower power class device to transfer more frequent traffic on NB-IoT without limiting battery life too much.
	

	Qualcomm
	UE-based relay
	Allow for relays that don’t need to be deployed by the operator (e.g. a company that provides utility metering services should be able to install this device without having to involve an MNO). Both uplink-only, downlink-only and/or both directions can be considered.
	Mainly for coverage extension. We acknowledge that the decision of L1/L3/network/UE relay is very controversial (from Rel-16 experience), we think we may need additional discussion among companies to converge on the details.

	NOVAMINT
	UE-based relay
	UE based relay are flexible solutions that are sought by many verticals to address coverage issue as well as to optimize power consumption.
Additional power consumption savings in relay can be done by supporting aggregation
	Uu based relays will never resolve use cases where the IoT devices are not in a fixed stationary position all the time and/or harsh conditions (such as container, logistics…).
For such use cases, UE based relay as part of the IoT communication system is the most flexible solution.
For container use cases, shipping line companies have estimated that they will need between 60 to 100 “fixed” repeaters on a containership to be able to cover all containers on board due to the ship environments but such solution is not viable as it will be costly and not future proof (if any fixed repeater is not working the whole system is not working anymore).
However, they have estimated that if all containers were able to be as well UE relay, there will be no need for on board other equipment (beside a gateway) and this could be done with an overall optimization of the power consumption of all devices (statistically from a travel to another a container is not occupying the same position all the time).
Utilities are looking for UE relays to address coverage issue as well as power consumption for devices that are CE level 2.
Verticals (utilities, logistics…) that have not/cannot deployed yet NB-IoT and are seeking/expecting UE relay will not accept solutions bringing additional devices that are not even deployed by them.
On complexity: the eventual additional complexity is at chipset/device level and not at the network level. It could be envisaged to have 2 classes of NB-IoT devices: one super simple without relay for simple usage and one a bit more advanced and this should not be an issue to find a market for it as it is the market demanding for such features – it will not affect network deployment (may be in some cases relays will be even beneficial for network optimization: on a port for example it is better to have 200 containers to communicate at the same time from the same place than 20.000). At the end, the traffic will go to the operators anyway. On the long run considering verticals expecting UE relay and the volume represented, it is expected to lower drastically the cost of the device and bring it back close to simple one.


	Sony
	Lower UE power consumption

Improved coverage

No UE hardware changes

Lower UE TX power
	Power consumption is reduced by the improved pathloss to the relay node (compared to the pathloss to the eNB). The pathloss leads to a lower number of repetitions or higher MCS, both of which reduce the time duration of transmissions. The reduced pathloss could alternatively be used to close the link budget for lower UE TX power devices.
The improved pathloss could alternatively be used to improve coverage.
Relaying should be backwards compatible from the hardware perspective, in order to allow deployed devices to take advantage of the feature (via a software update).  For this reason, we think that a Uu relay or repeater is the preferred solution in Rel-17.
	In the left-hand column, we have listed our views in the “requirements” for relaying. We think that the “functionality” to meet these requirements would either by a Uu relay or a repeater.

While a UE relay is interesting for the perspective of ease of deployment, there is likely to be a significant amount of work required. UE relaying might end up being an NR-Light feature, rather than an eMTC / NB-IoT feature.
We would be OK to consider relaying in an independent SID. We have a preference for a network relay or repeater.

	Reliance Jio
	UE Based Relay
	Sufficient to support UE based relay
	

	Philips
	UE based relay
	Relaying a wearable by using a more powerful device in vicinity (e.g. mobile phone, or device with more battery capacity) as relay can significantly reduce the energy usage of such wearable to connect to the network, in particular in areas with poor coverage. Probably more so than many of the other improvements proposed in this document for release 17. Since this requires some exchange of UE capabilities, this implies a L2/L3 type of relay. The use of relays also helps devices in poor coverage/out-of-coverage (e.g. deep indoors) to get in coverage.
	Care should be taken that the solutions do not add too much complexity, in particular to the remote UE. 

	Ericsson
	If work on relays is needed, the focus should be on NW-based relays that provide backwards compatible services over the Uu interface without increasing UE complexity.
	3GPP should, if anything, focus on adding support for NB-IoT
repeaters in TS 36.106 and TS 36.143. In that case, a short study may be motivated to identify the impact on the NW relay specifications TS 36.116/36.117.

Work on sidelink-based relays for IoT should be down-prioritized due to the impact on UE complexity and the lack of backwards compatibility
	We currently do not see a need for IoT relaying. Our thoughts on IoT relaying are outlined in RP-181189 which was submitted during the Rel-16 scoping process.

	Sequans
	UE-based relay
	L2 UE based relay is already studied and is the most promising solution in terms of power consumption reduction as well as range extension while keeping the same level of security and serviceability,
	

	GTO
	UE-based relay
	An approach to reduce power consumption by relaying information via devices having better coverage conditions. 
	




2.6	Mobility enhancements
1. Enhancements to intra-RAT mobility triggers and measurements
2. Inter-RAT mobility NB-IoT to/from NR
3. Reduced reading of neighbor cells’ SI
	Company
	Selection(s)
	Motivation for selection(s)
	Other comments

	MediaTek
	1
	Prioritize enhanced cell re-selection in connected mode. Keep the UE connected to the best cell radio-wise e.g. cell re-selection with RRC re-establishment in connected mode. A UE staying for longer times in connected mode might go very far into a neighbor cell with the current RLF mobility, causing neighbor cell interference and experiencing low bitrates.
	Specify mobility trigger other than RLF in connected mode based on measurements. 
Specify measurements in gaps e.g. DRX gaps, extended DL/UL transmission gaps (no new HW requirement)

	ZTE
	1,2,3
	For 1:  This enhancement is to improve the NB-IoT mobility procedure for RRC connected UE. Taken into account that only RRC re-establishment triggered by RLF is supported for NB-IoT mobility in RRC Connected state, the mobility performance is not satisfactory, e.g. UE stays in the old cell until RLF is triggered, which impacts traffic performance, especially in EC mode.
If intra-RAT measurement and mobility mechanism is introduced for RRC Connected UE, mobility can be triggered before RLF occurs, which can save UE power consumption and improve the service performance.
For 2:  To guarantee that UE can camp on a more suitable cell and can obtain better service, inter-RAT mobility NB-IoT to/from NR is necessary for NB-IoT/NR dual mode UEs.
For 3: Reduced reading of neighbor cells’ SI can save mobility UE’ power consumption. E.g. if the SI of new cell is the same as the source cell, UE can avoid to read the new cell’s SI when it re-selects to a new cell.
	

	Huawei, HiSilicon
	1,2,3
	1: We understand this can reduce time for performing RLF procedure.

2: Inter-RAT mobility to/from NR is not supported in Rel-16. NB-IoT can connect to 5GC in Rel-16. We believe it is the right time to add inter-RAT mobility to/from NR in Rel-17.

3: We understand in some cases the SI of different cells in certain area maybe common, it would be good to have this to reduce UE power consumption on SI reading when entering a new cell.
 
	

	Nokia
	
	
	It is not clear if the enhancements listed in this section are motivated by current commercial deployments, and they are not considered a priority from our point of view.

	SoftBank
	
	
	Our understanding is that mobility functionalities are intentionally dropped from Rel-15 to achieve very low-cost system. If we specify something, it should have no impact on UE/eNB cost. 

	Deutsche Telekom
	
	
	1) What is needed and missing ?

2) NB-IoT was developed to be a cheap technology for the LPWA segment … there is absolutely no need to develop an interworking with NR as part of Rel-17.

3) Benefits questionable



	Sierra Wireless
	3 study
	3: If this substantially reduces UE power consumption and is not adding complexity to the UE, this could be included.


	1: Intra-RAT mobility was not including in NB-IOT to reduce the complexity of NB-IOT UEs. There is no motivation to increase NB-IOT UE complexity.  

2: We do not see customer demand for dual mode NR and NB-IOT.


	Lenovo&MotoM
	2,3
	For 2, it is fine for NB-IOT UE to connect to 5GC cell. 

For 3, similar discussion has been used in other type of UE, it is fine to be applied in NB-IOT UE.

	

	Xiaomi
	
	
	Don’t see strong motivation considering the pain and gain

	Vodafone
	
	
	Similar to others, unclear gains. Probably best to wait for commercial products to catch up with previous Release features to see where the gaps are.

	Volkswagen AG
	1,2
	Current LTE NBIoT is too static for applications with moving devices. Enhancements are needed which also account for realistic deployment scenarios of multiple RATs.
	

	NOVAMINT
	
	General mobility improvement to support speed up to 350 km/h (car, train…
	If possible but not priority 

	Sony
	
	
	2: No strong motivation for a dual-mode NB-IoT / NR device, given complexity targets of NB-IoT   

	Philips
	
	
	We don’t see a strong need to work on the proposed mobility enhancements.

	Ericsson
	
	
	1: We are not supportive of introducing handover support in NB-IoT. We are in general not supportive of proposals that increase the UE complexity and/or increase the overlap/blurring between NB-IoT and LTE-M in terms of use cases. The current distinctness of NB-IoT and LTE-M should be maintained.

2: We do not see a use case for this. It may become more relevant in combination with NR-Light.

3: We currently do not see a need for this.

	Sequans
	1
	Leftovers  from Rel-16 can be considered
	

	GTO
	None
	
	NB-IoT mobility was designed based on RLF, introducing handover based mobility would impact device complexity, as also measurements, reporting and other procedures would be needed. For applications relying on handover mobility Cat-M is already suitable solution. Inter-RAT mobility by network assistance information supporting UE autonomous decision was just introduced and is believed to be sufficient once coming into the field.



2.7	Further improved multi-carrier operation
1. Coverage level or service association to NB-IoT carrier
2. Non-anchor carrier with configurable NRS pattern
3. Support no gap between anchor and non-anchor carrier in standalone operation mode
4. Frequency hopping between NB-IoT carriers
5. Synchronization/System Information on non-anchor carriers
6. Cross-carrier scheduling
	Company
	Selection(s)
	Motivation for selection(s)
	Other comments

	MediaTek
	1
	Prioritize per carrier coverage level differentiation, to avoid head of line blocking, for reduced latency for UEs in normal coverage. Enhance at least for paging
	Paging / RACH configuration optimization for UEs in good coverage

	ZTE
	3,4
	For 3: it can improve radio resource efficiency (e.g. the GAP resource can be used) .
For 4: Hopping can brings the frequency diversity gain, which is very important for enhancement coverage UE. 

	For 1: Based on the current specification:
· For NPRACH carrier, NPRACH-Parameters for different CEL can already be configured per non-anchor carrier, and equal probability selection of non-anchor NPRACH carrier is supported. 
· For  paging, UE’s CEL may change and UE can only monitor one paging carrier, it is not feasible to configure different paging CEL's resource to different carrier. 
· For dedicated carrier, eNB can configure UE to carrier per CEL.
So, the Coverage level association to NB-IoT carrier is already supported well in NB-IoT, and enhancement is not necessary.

For 2: whether it is necessary depends on the Rel-16 outputs on non-anchor carrier paging and non-anchor measurement.

For 5: If NPSS/NSSS, NB-SI are transmitted on non-anchor carrier, more common channel resource will be used. So, whether it is necessary should be further evaluated.

	Huawei, HiSilicon
	1,2,3,4,5
	1: Some of the existing RRC IDLE related cell specific parameters would lead all NB-IoT carriers within one cell having the same configuration (e.g. paging etc.) It results in mixed services running on one carrier with the same configuration. In that case, the system efficiency may suffer if those service requirements are diverse. In fact, there are a lot of IoT services running in the network. Different services have different requirements in terms of coverage, latency tolerance, battery life etc. We understand it is important to support changing some procedures from being cell-specific to NB-IoT carrier-specific. With this enhancement, operators can handle different services with different requirements on different NB-IoT carrier in a more efficient way.

2: NRS was designed using a concept similar to LTE CRS. Assuming in the future that eMBB services are re-farmed to NR, new configurable NRS pattern on non-anchor carrier would lead better resource sharing with NR. Also, it would be beneficial for overhead and network power saving when traffic is low.

3: In Rel-15 TDD NB-IoT, some new EARFCN values were introduced and it allows a NB-IoT anchor carrier and non-anchor carrier to be deployed in adjacent 180 kHz NB-IoT carriers with no gap. In Rel-17, introduction of similar values for FDD stand-alone case is recommended. (The other two operation modes already support no gap)

4: NB-IoT supports multi-carrier operation within a single cell. Existing NB-IoT transmission is always allocated on the same carrier. The potential frequency diversity between different carriers is not exploited. In Rel-17, frequency hopping between NB-IoT carriers is expected to obtain more diversity gain which can save repetition and reduce interference in general.

5: Anchor carriers are busy in terms of common signals including SI. Allowing sync signals/SI transmission on non-anchor carriers can not only obtain frequency diversity gain but also avoid congestion on the anchor to decrease DL interference of anchor carrier, especially if any new SI is introduced.


	

	Nokia
	
	
	It is not clear if the enhancements listed in this section are motivated by current commercial deployments, and they are not considered a priority from our point of view.

	SoftBank
	
	
	We would like to firstly understand whether these enhancements are motivated by the problem of current commercial deployments.

	Deutsche Telekom
	
	
	Agree with Softbank and Nokia

	Sierra Wireless
	
	
	There is large gap between standardization and commercialization for NB-IOT so the motivation to add new features in Rel 17 is much higher than previous releases and it is not clear that these features listed are motivated by current commercial deployments and thus are not considered urgent.

	Lenovo&MotoM
	1, 4,5
	For 1, more efficient scheduling could be applied based on the carrier specific CE level and service.

For 4, Frequency hopping is the important feature for narrowband system, which brings the frequency diversity gain.  Frequency hopping can work with wider bandwidth transmission in support of multiple carriers.

For 5, if multiple carriers are supported in Rel.17 NBIoT, the corresponding enhancement of non-anchor carrier should be further studied, for example, synchronization and SI acquisitions, etc
	

	Xiaomi
	1, 4
	For 1, support more efficient scheduling 

For 4, frequency hopping is already supported in MTC and we see considerable gain
	

	 Fraunhofer
	1, 4
	1: During the discussion of service-based grouping for GroupWUS, a grouping of NB-IoT devices based on the coverage level was mentioned a few times.
We do see benefits of separate NB-IoT carriers for coverage levels and associated repetitions on control channels.

4: The benefits and impact of frequency hopping should be studied in the context of NB-IoT but the increase in complexity of the NB-IoT devices needs to be taken into account.
	

	Vodafone
	
	
	We should let commercial deployments catch up with standards before adding even more flexibility without clear problems being identified.

	Qualcomm
	4
	Needs to be carefully designed to avoid implementation complexity. Also related to the input in section 2.3 regarding paging carrier selection.
	

	Volkswagen AG
	4
	Frequency hopping can give extra diversity gain which increases the robustness and spectrum efficiency. 
	

	NOVAMINT
	4
	4. May be beneficial 
	To be considered 

	Philips
	
	
	We don’t see a strong need to work on the proposed multi-carrier operation improvements.

	Ericsson
	1, 6

	1: We are open to this proposal if impact is isolated to RAN2.

6: Cross-carrier scheduling would help to quickly balance load between carriers and may be more straightforward than the other proposed non-anchor carrier enhancements. It can also provide some frequency diversity if the initial HARQ transmission and any HARQ retransmissions are scheduled to be transmitted on different carriers.
	2: We are not supportive of introducing a new carrier type.

3: We are not supportive of introducing a new carrier type.

4: When the potential gains from frequency hopping are judged, it is important to note that the frequency diversity gains are typically mainly seen when there are no other diversity gains. When HARQ is used with a BLER target >>1%, there may not be much frequency diversity gain from frequency hopping.

5: We are not supportive of introducing a new carrier type.

	Sequans
	1


	A dedicated carrier per service/coverage level may improve resource utilization in highly dense NW 
	

	GTO
	None
	
	We don’t see a need to work on multicarrier solutions. Devices should stay in their sweat stop, and differentiator between device categories should remain.



2.8	NB-IoT working with NR/5GC
1. Multicast/broadcast with connection to 5GC
2. UE switching between NB-IoT and NR procedures
	Company
	Selection(s)
	Motivation for selection(s)
	Other comments

	MediaTek
	1
	Multicast / broadcast deployment
	Support connection to 5GC essential to NB-IoT evolution

	ZTE
	1,2
	For 1: SC-PTM has already been supported when NB-IoT UE is connected to EPC. And UE cannot connect to EPC and 5GC simultaneously. The UE connected to 5GC should be able to obtain the same service as connected to EPC, the SC-PTM reception should also be supported when NB-IoT UE is connected to 5GC

For 2: It is beneficial for NB-IoT/NR dual mode UE, which can improve the user experience and reduce the UE power consumption,e.g. UE can camp on NB-IoT cell in idle mode to save UE power consumption and fast switch to NR access if the upcoming service is not suitable to be carried in NB-IoT.
	

	Huawei, HiSilicon
	1, 2
	1: NB-IoT is able to connect to 5GC in Rel-16. As 5GC is going to support multicast/broadcast in Rel-17, coordination with 5GC multicast/broadcast discussion may be needed.

2: Further clarification is needed as to the difference is with inter-RAT mobility between the two. We understand one possible difference might be the operator who provides both NB-IoT and NR coverage in same area. An UE camps in idle mode on RAT e.g. NB-IoT and for some reason it needs to access using NR SSB with pre-acquisition knowledge (faster than cell re-selection) and vice versa.

	

	Nokia
	
	
	It is not clear if the enhancements listed in this section are motivated by current commercial deployments, and they are not considered a priority from our point of view.

	SoftBank
	
	
	1.this is not urgent: we can wait for NR broadcast/multicast discussion & the commercial deployment of NB-IoT broadcast/multicast with EPC
2.we would firstly discuss the use case & scenario of NB-IoT/NR dual mode UE

	Deutsche Telekom
	
	
	Agree with Softbank and Nokia

	Sierra Wireless
	
	.
	1: It is not clear that these features listed are motivated by current commercial deployments.

2: We do not see customer demand for dual mode NR and NB-IOT UEs as they cover very different use cases. If battery savings for NR is the motivation, then this should be done in power saving WI for NR.


	Lenovo&MotoM
	2
	For 2, it is fine to make UE switch fast and power saving between NB-IoT and NR.
	

	Xiaomi
	
	
	For 1, same view with Softbank. We could start this work after the NR multicast/broadcast discussion
For 2, more clarification is needed

	Telstra
	1
	Multicast/broadcast support with connection to 5GC is necessary
	This would potentially help with NB-IoT devices attempting OTA FW upgrades

	Fraunhofer
	1
	Firmware and configuration updates for a large number of devices is best done via broadcasting/multicasting. Especially for the limited NB-IoT channel, updates via unicast connections clog the network and deteriorate network service quality.
	This is related to the NR Broadcast/Unicast discussion. The network should also have the possibility to dynamically decide if multicast or unicast it used – similar to the LTE-based broadcasting.

	Vodafone
	1
	Multicast with NB-IoT device connected to 5GC will be needed, but we think we can reuse the existing MBMS core network architecture as the 5GC-MBMS solution to provide MBMS to such devices.
	

	Qualcomm
	1
	Multicast/broadcast is one of the key enhancements introduced very early for NB-IoT (Rel-14). This should also be supported when the functionality is introduced in 5GC.
	

	Volkswagen AG
	1, 2
	1: Different applications will face different deployment scenarios like e.g. 5GC in manufacturing environments and NSA for logistic applications. 
2: Our interpretation is that this is about dual mode UE (NB-IoT and NR). Such UE is interesting for the automotive sector. 
	

	NOVAMINT
	
	SC-PTM is too power consuming for IoT devices and is not going to be used so multicast/broadcast need to be supported only if everything is drastically changed in the SC-PTM to much much less power consuming  
	Not a priority as long as SC-PTM is not optimized for power consumption

	Sony
	1
	1: Given that NB-IoT supports connection to 5GC in Rel-16 and 5GC may support multicast / broadcast in Rel-17, necessary enhancements to allow NB-IoT to support multicast / broadcast when connected to 5GC should be supported
	[bookmark: _Hlk17995683]2: proposal is unclear

	Philips
	
	
	No need to work on this. It is likely to only increase the complexity of NB-IoT devices, with no apparent benefit.

	Ericsson
	
	
	1: We currently do not see a need for this.

2: We do not see a use case for this. It may become more relevant in combination with NR-Light.

	GTO
	(None)
	For the time being.
	1) Multicast broadcast for 5G not currently seen as an urgent issue. Remark: the support of multicast/broadcast in LTE for NB-IoT became rather complex solutions, once topic started in 5G should be simpler and more straight forward. 
Unclear, does this mean UE moves to new cell not supporting previous core? And procedures or such cases to be defined?



2.9	Others
1. NB-IoT within smartphones
2. Small message transmission to groups of UEs
3. Finer-grained channel quality reporting in normal coverage
4. Enhancements to asynchronous shared PUR (pre-configured uplink resources)
5. Application layer response enhancement
6. NB-IoT via satellite
7. Support of private networks

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

	Eutelsat
	6
	Eutelsat supports this proposal. NB-IoT 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 NB-Iot 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.
	Limited specification impact expected.

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

NB-IoT link budget compatible with LEO satellites



	MediaTek
	6
	NTN is an important deployment option for LPWA IoT allowing to reach remote areas not otherwise covered by terrestrial networks and for which clear market demand exists (e.g. shipping, asset tracking, oil platforms, solar or wind farms etc). The ability to offer IoT on a true global scale, complementing terrestrial IoT deployments with no negative impact on devices’ cost and energy consumption will provide a significant boost to the NB-IoT market and competitiveness, esp. considering non-3GPP LPWA IoT technologies are already being adapted for satellite use. . Due to the very nature of NB-IoT, low-hanging fruits exist allowing NTN support with simple adjustments.
	Very limited specification impact expected (please see RP-191105 for more details):
-System information, paging, TAU [RAN2, RAN3]
-Mobility [RAN1, RAN2, RAN4]
    Idle mode beamspot / cell re-selection
-Initial access [RAN1,RAN2]
    Timing advance acquisition and update
    New RACH preamble format
    4-step RACH
-RRM/RF performance requirements [RAN4]

	ZTE
	1,3
	For 1:  If specified, normal UE can use the NB-IoT resource and save UE power consumption(e.g. for dual mode UE, it can also camp on NB-IoT mode in enhanced coverage or only monitor NB-IoT signals in Idle mode to save UE power).

For 3: In Rel-16 NB-IoT, the downlink transmission adopts one modulation mode of QPSK. Since modulation mode and TBS span are limited, CQI feedback may not be necessary. However, if 16QAM is introduced, there will be more modulation and coding schemes in NB-IoT. In this case, the CQI feedback can ensure that the eNB is able to more easily   configure a suitable downlink MCS to improve transmission efficiency. So CQI report should be supported in Rel-17 NB-IoT.
	[bookmark: OLE_LINK1]For 2: In NB-IoT, MO-EDT, MT-EDT, D-PUR are already supported to transmit small data effectively, and SC-PTM has already be supported to transmit group message. So, the gain of small message transmission to groups of UE should be further evaluated. 

For 4: 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 5: Further clarification is necessary. If it 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 it.
 If it refers to differentiation and enhancement of the application layer response packet,it can be performed by eNB implementation. So, clarification for specification is necessary before any further consideration.

For item 6 NB-IoT via satellite, we think it should be delayed, for example to Rel-18, especially given that NTN is only going to be started in Rel17.

	Huawei, HiSilicon
	1,2,3
	1: We understand it may be one use case of the 2nd candidate in section 2.8? We are willing to discuss more.

2: We understand this is not same as the 1st candidate in section 2.8.  In Rel-16, one DCI scheduling multiple TBs for a single UE is supported. We think if it could be extended to a group of UEs, it can save more DCI overhead.

3: We believe this needs to be supported in association with peak date rate enhancement in section 2.2, since in good coverage finer-grained channel quality is valuable to support higher MCS when repetition is 1.

	More clarification for 4, 5 and 6 is needed to understand the background and motivation.

	Nokia
	
	
	It is not clear if the enhancements listed in this section are motivated by current commercial deployments, and they are not considered a priority from our point of view. In particular for NB-IoT via satellites the use case and implications to radio design need to be further elaborated. 


	 Ligado
	 6
	1. NB-IoT 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. NB-IoT is by design able to support challenging coverage requirements and long delays. Many features are inherently well suited to satellite.
5. Satellite adaptation 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
6. Use cases for NB-IoT are generally latency tolerant, thus well suited to being served by satellite networks
7. 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. 
b. Standards based protocols can be implemented quickly without the deployment of new satellite systems
	NB-IoT is the ideal technology to validate 3GPP standardization of NTN.

Same chipsets can be used for terrestrial and satellite NB-IoT devices, 

Doppler in GEO systems is easily manageable.

Ligado and infrastructure partners have validated the adaptation of NB-IoT over GEO satellite and standardization can be easily accomplished.
 


	Deutsche Telekom
	
	
	Agree with Nokia
In particular:

1) No
2) Maybe – more details needed on motivation and solution
3) Maybe – more details needed on motivation and solution
4) Maybe – more details needed on motivation and solution
5) Maybe – more details needed on motivation and solution
6) No

	Sierra Wireless
	6 Study
	6: 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. 
	Others: There is large gap between standardization and commercialization for NB-IOT so the motivation to add new features in Rel 17 is much higher than previous releases and it is not clear that these features listed are motivated by current commercial deployments.

	Telstra
	1
	A smartphone supporting NB-IoT 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
	6
	ESA fully supports this proposal. Following its many contacts with industry, ESA can confirm that there is a broad interest to see NB-IoT working over satellite, both geostationary or non-geostationary, processed or transparent architectures, or even HAPS.

NTN NB-IoT would enable the augmentation of the geographical coverage of terrestrial NB-IoT networks and also act as a back-up for terrestrial NB-IoT networks.

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

NTN’s would allow very fast deployment of NB-IoT services over large geographical arreas.
	Limited specification impact expected.

Support for other bands (in addition to n65) is beneficial. 

Synergies with ongoing SA1 ATRAC (asset tracking) requirements definition.

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


	Fraunhofer
	1, 4, 6
	1: NB-IoT in smartphones could be used for coverage enhancements to allow small data reception/transmission even if eMBB is not possible. This may be especially interesting for emergency scenarios.

4: Asynchronous contention based access in 3GPP is currently limited to the PRACH but low-energy/low-complexity/low-data rate devices would benefit from this option and it would offer a competitive solution to customers currently looking into proprietary telemetry solutions.

Low complexity devices with very small data packets benefit from asynchronous access due to the limited requirements on synchronisation.

6: IoT is a valid and important use case for satellites. NB-IoT via satellite can also be beneficial for IoT networks, because of the ability to extend the coverage dramatically. 
Beneficial Use Cases:
· Coverage extension for out of terrestrial coverage areas
· Supplementary global coverage for extreme wide area tracking/monitoring (ocean, desert, etc.)
· Infrastructure-independent connectivity for NB-IoT devices, i.e. in undeveloped countries
	4: The resources necessary for this asynchronous access can be shifted to low-traffic times during the day to limit the impact on regular traffic.

Asynchronous access may be a solution mainly for stationary devices with limited MT data.

6: Identify technology gaps of current NB-IoT specification to enable satellite deployments by also considering minimum impact to the standard itself. The extension of NB-IoT does only make sense if almost the same chipset as in terrestrial applications can be used.
NB-IoT will potentially coexist well with NR NTN and extend NR NTN for low data rate use cases.


	Vodafone
	1
	We think this is possible today, but if there are some issues then would be good to solve them.
	

	Intelsat
	6
	Intelsat supports this proposal. 

NTN can provide an integrated global hybrid solution with terrestrial networks for end-to-end NB-IOT service

GEO in particular can expand reach of 5G IoT applications & provide extension of coverage for massive NB-IOT in rural locations without requiring costly updates to terrestrial network infrastructure

NB-IOT services are not sensitive to latency and well suited for GEO and other space-based Platforms (NGSO & HAPS).


	NTN will leverage TN chipset design & economy of scale.

Impact on specification is limited 

Intelsat worked on a GEO design for end-to-end IOT service & validated the performance.



	Qualcomm
	3, 4, 7
	3. To support introduction of higher order modulation, this may be needed (e.g. some sort of faster CQI feedback).
4. Support of asynchronous transmission (without valid TA, and potentially contention-based) in PUR is one last step that NB-IoT would need to have similar protocol overhead as non-3GPP competitors (e.g. SIGFOX).
7. Introduce RAN signalling to enable support of private networks
	Other Rel-16 leftovers / things dropped due to lack of time can be added closer to the closure of the WI.

	NOVAMINT
	6, 7, 8
	6. Strong demand for logistics, asset tracking especially as latency is not really an issue 
7. agree with Qualcomm but less priority than the other 2
8. In asset Tracking and other contexts, current size limitations of NB-IoT is an issue as it could force to send several messages instead of one which is more power consuming (for example, to save power an asset can record its position each 15 minutes (26 bytes record) and and send the collected information with one connection per day (which will be 2500 bytes then).
	Satellite is the second most demanded feature by many verticals (after UE relay) to be able to have one chipset that could allow cellular and satellite IoT (and relay). This will make 5G IoT the most advanced and most relevant technology for verticals.

1.  on NB-IoT for smartphone
anything that is not the primary target of an IoT context should not be a priority (similar to voice over NB-IoT) – no demand from verticals

	Sony
	5,6
	5: 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.


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


	1: Proposal needs to be clarified. What are the standards aspects and why can’t this feature just be an implementation issue? 


	Philips
	1, 7
	1: A smartphone supporting NB-IoT could be used as relay device for NB-IoT 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. 
7: Agree with Qualcomm that this is a useful addition.
	Topic 5 needs some further clarification. 

Topic 6 may be useful if it does not lead to any additional device complexity. Unclear to us if that is feasible. 

Others are less relevant to us.

	Hughes Network Systems
	
6
	We propose that this studies be part of NTN.
There are many reasons why satellite will be increasingly used for IoT and as such 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 NB-IoT use cases do not have extreme latency requirements so satellite can play important roles in supporting NB-IoT usage scenarios.

	· 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 NB-IoT operating and nr65. Same chipsets for terrestrial and satellite will enable the deployment of NB-IoT service via satellite and its terrestrial component (CGC). 
· 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 agriculture, manufacturing, etc.




	Ericsson
	3
	3: We are open to this proposal if impact is isolated to RAN2.
	1: We assume this is already possible.

2: The existing SC-PTM feature should be suitable for such use cases.

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

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

6: We currently do not see a need for this.

· 7: More information is needed about this proposal and its use cases.

	Sequans
	6
	Agree with Eutelsat
	To be scoped with study phase followed with a specification phase both in Rel-17.

	GTO
	6
	
	NTN connectivity for NB-IoT has interesting aspects especially for tracking and tracing. Not sure whether this should be addressed in an NB-IoT Wi or whether this should not be integral part of the NTN Rel.-17 WID.




3	LTE-MTC
3.1	Scheduling and latency enhancements
1. Additional MPDCCH period offsets
2. Higher PDSCH code rates in 1-6 PRBs
3. Same-subframe scheduling in bundling
4. SI change notification and acquisition in connected mode
5. Further enhancement of Multiple-TB scheduling
6. Smaller Idle DRX values

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

	ZTE
	1,4,5
	For 1:For unicast, the offset is not supported in previous version. Therefore, it can be considered to improve the scheduling flexibility.

For 4: It is beneficial to improve   efficiency for SI reception (including ETWS etc) of  UE in RRC_connected state and it can reduce UE power consumption.

For 5: Some scenarios for this enhancement will be not supported in R16 due to TU constraint, e.g. 10 HARQ processes. So further enhancement can be continued in Rel-17.
	For 2: In Rel-15 eMTC, the maximum TBS for 64QAM has been discussed and it was agreed to reuse the Rel-14 maximum TBS of 16QAM in order to limit UE complexity. So,  it is low priority

For 3: Higher requirements for UE processing capacity, so it is low priority

	Huawei, HiSilicon
	
	
	1: Is there any reason only for MPDCCH? We understand the intention of this proposal is to have more flexible time arrangement for TDM scheduling. Considering it would require a new DCI, if there is going to be a new DCI in Rel-17, this proposal can be considered together with that.

More clarification for 2 and 3 is needed to understand the background and motivation.

4: In Rel-16, MTC already has similar feature to support connected mode SI reading, what is the difference?

We are taking some more time to consider the new added bullet 5.

	Nokia
	
	
	It is not clear if the enhancements listed in this section are motivated by current commercial deployments, and they are not considered a priority from our point of view.

	SoftBank
	
	
	We would like to firstly understand whether these enhancements are motivated by the problem of current commercial deployments.

	Deutsche Telekom
	
	
	Agree with Softbank and Nokia

	Sierra Wireless
	6
	6: Shorter UE specific paging cycles will better support applications which need lower mobile terminated latency e.g. home automation, public lighting. Other C-DRX optimization for power consumption may also be needed.
	Others:  There is large gap between standardization and commercialization for LTE-M so the motivation to add new features in Rel 17 is much higher than previous releases and it is not clear that these features listed are motivated by current commercial deployments

	Lenovo&MotoM
	
	
	The priority of the enhancement listed above is low.

	Xiaomi
	6
	Agree with Sierra Wireless
	

	Qualcomm
	
	
	May be supportive of 5, but unclear at the point since it would be Rel-16 leftover.

	NOVAMINT
	
	
	No feedback by verticals on improvement needed there

	Sony
	2, 3
	2: Support of high code rates is important as it improves power consumption in good coverage, which we think is important for mobile devices. The general issue of “Improved support for UEs in good coverage” is important. This would include looking at TBS tables in CE Mode A, where currently only small transport block sizes can be supported in small PRB allocations.  In addition to PDSCH, we should also improve the PUSCH throughput, particularly also allowing large TBS in a single PRB to maximise the Power Spectral Density.

3: HD-FDD is an important duplexing mode for eMTC. Same sub-frame scheduling improves throughput. Increased throughput will lead to lower UE power consumption.
	1: We are OK to support this feature as it improves scheduling flexibility

3: Rel-15 eMTC devices already support same-subframe scheduling. Supporting same-subframe scheduling with bundling will not have a significant impact on UE complexity.

4: Given that the UE does not often need to read SI, methods for the UE to read SI more optimally seem to be a low priority
5:  We need to see what the outcome of the Rel-16 work on multi-TB scheduling is before considering enhancements

	Philips
	
	
	We don’t see a strong need to work on the proposed scheduling and latency enhancements.

	Ericsson
	1, 2, 4
	1: Improved scheduling flexibility can improve spectral efficiency by avoiding wasting available subframes. It is important that the control channel (MPDCCH) can be transmitted efficiently and that the data channels (PDSCH/PUSCH) can be scheduled at the time when the resources are available. The current timing relationships make it challenging to exploit all available resources in the time domain.

2: DL spectral efficiency can be improved if UEs in good coverage can be scheduled with a more appropriate modulation and coding scheme. This can be achieved by supporting TBS closer to the maximum TBS when a UE is allocated with a small number of PRBs. No UE peak rate increase is required, just some modifications to the selection of MCS and/or TBS.

4: By enabling system information change notification and acquisition in connected mode, the need to release UEs to idle mode can be avoided and the signalling load and latency can be reduced. For example, this allows smoother coexistence with other RATs such as LTE and NR in scenarios where resources need to be reconfigured simultaneously in LTE-M and the other RAT. (There is a related Rel-16 WI objective, but it only concerns ETWS/CMAS, not other system info.)
	3: Same-subframe scheduling would require undesired UE complexity increase.

5: Hopefully the Rel-16 multi-TB scheduling feature will be adequate so that no further multi-TB scheduling enhancement is needed in Rel-17.

6: We may be open to this proposal if the need can be demonstrated.

	ORANGE
	6
	Agree with Sierra : this feature is useful for UE requiring lower latency, for instance those requiring human interaction
	

	GTO
	
	
	Agree with Philips. No strong need seen.



3.2	Interference and load management
1. Prevent PRACH coverage level ramping in high RSRP
2. Improve PRACH opportunity distribution in time domain
	Company
	Selection(s)
	Motivation for selection(s)
	Other comments

	ZTE
	1
		For 1,PRACH CE level ramping could happen in high RSRP scenario and affect system resource usage. Methods could be studied on how to avoid this behavior .Specification work can start if gain can be shown.

	For 2, after receiving Paging message, when to send Msg1 to start the random access procedure is UE’s implementation. Furthermore, in current specifications, PRACH resource allocation seems enough flexible. We don’t see any strong requirement to improve PRACH opportunity distribution in time domain.

	Huawei, HiSilicon
	
	
	More clarification for 1 and 2 is needed to understand the background and motivation.


	Nokia
	
	
	It is not clear if the enhancements listed in this section are motivated by current commercial deployments, and they are not considered a priority from our point of view.

	SoftBank
	
	
	More clarification necessary: RACH is a very fundamental feature. Why are such changes necessary for the late stage?

	Deutsche Telekom
	(1)
(2)
	
	Agree with Softbank but want to understand limitations of current system better before deciding on such improvements.

	Sierra Wireless
	
	
	There is large gap between standardization and commercialization for LTE-M so the motivation to add new features in Rel 17 is much higher than previous releases and it is not clear that these features listed are motivated by current commercial deployments

	Lenovo&MotoM
	2
	For 2, for MTC UE, the more PRACH opportunity distribution in time domain could give UE more opportunity to access the network; it is benefit to massive MTC scenario.
	

	Xiaomi
	
	
	Not clear about the motivation, more clarification is needed 

	NOVAMINT
	
	
	Do not understand the motivation

	Sony
	
	
	More clarification on 1 and 2 are needed.

	Philips
	
	
	Topic 1 seems useful, but more clarification is needed.

	Ericsson
	1, 2
	1: Transmissions that use large numbers of repetitions for coverage enhancements can cause excessive resource usage and inter-cell interference if they use the wrong power or repetition levels. Transmissions with the wrong power level or wrong repetition level may also cause unnecessary UE power consumption. The PRACH CE level determination is sensitive to RSRP measurement errors as well as load and interference variations in DL and UL. If the MAC random access procedure is adjusted to prevent PRACH CE level ramping for UEs that experience high RSRP, the PRACH CE level ramping can be configured more aggressively than today. 

2: Mobile-terminated (and possibly also mobile-originated) traffic from different UEs can tend to concentrate in the time domain due to e.g. common paging occasions. If the PRACH attempts from the UEs can be more randomized in time, the resources can be used more efficiently.
	

	Sequans
	1 
	1) we support a method to better differentiate between RA failures due to contentions and RA failures due to bad radio conditions

	

	ORANGE
	
	
	1 - can make sense to prevent unwanted Coverage Extension level ramping as seen in NB-IoT, but we need to understand how likely this event is with LTE-M
2 – Orange agrees with Lenevo that this would be beneficial for massive MTC, but this remains  of low priority for now.

	GTO
	(1)
	
	Topic 1 may be useful, but more clarification needed.



3.3	Power consumption reduction
1. Differentiate between escalated and non-escalated paging
2. Relaxed MWUS monitoring requirements
3. Power consumption reduction for multicast
4. Power consumption reduction for positioning
5. Relaxed paging monitoring
6. Additional reference signals
7. Neighbor cell information for fast acquisition
8. Front-loaded DMRS for MPDCCH monitoring
9. Non-contiguous mapping
10. UE relaying
11. Early termination / resource re-assignment in HD-FDD mode
12. PUR leftovers



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

	ZTE
	3,4
	For 3: Because UE only receives multicast service in idle state, in order to ensure that all UEs can receive multicast service, eNB will send multicast service repeatedly and periodically. Because it is impossible to identify new multicast data or retransmitted multicast data, UE that has successfully received multicast data will continue to receive duplicate multicast data, so power consumption reduction for multicast should be studied.

For 4: Based on the current specification, eMTC positioning can only be performed in idle mode. E.g. when positioning is configured for a UE in RRC connected state, it will enter into idle mode to perform the positioning measurement and then establish an RRC connection to report the positioning results. This procedure costs higher UE power consumption. And the positioning delay is very long with this procedure. Therefore it should be improved.   

	For 1: It should be based on the eNB implementation. E.g. eNB can paging the UE based on the Assistance Data for Paging by escalated paging or non-escalated paging.
For CSS-paging detection, UE will monitor the search space candidates gradually. The monitoring can be stopped based on UE SNR, which will not consume UE power much.

For 2: Relaxed MWUS monitoring requirements will increase paging miss detection rate, which will lead to traffic delay and the probability of sending paging in multiple cells may increase.

	Huawei, HiSilicon
	
	
	More clarification is needed for 1 to understand the background and motivation.
2: If Rel-15/Rel-16 already supports this, what does the relaxation in Rel-17 mean?

We are taking some more time to consider those new added bullets 3 and 4.

	Nokia
	
	
	It is not clear if the enhancements listed in this section are motivated by current commercial deployments, and they are not considered a priority from our point of view.

	SoftBank
	
	
	1.we would understand the background and motivation for this proposal.
2.3.4. not urgent: we can discuss the necessity of enhancements after MWUS/multicast/positioning are commercially deployed

	Deutsche Telekom
	
	
	Power consumption is always an issue and should be improved. We are unsure if this really motivates work in Rel-17 as most of the deployments have not yet been updated to all the Rel-14 to Rel-16 improvements

	Sierra Wireless
	
	Better battery life is always requested by our customers so some improvements could be considered here. 

1: More information is need


	2- there is already some relax monitoring in Rel 15/16 and any additional relaxation will likely not provide much power saving gain 

3 - Multi-cast commercialization is limited and very few customers are asking for this. 


	Lenovo&MotoM
	1,2
	For  1, The feature may reduce the paging alarm probability, it is aligned to key purpose of WUS grouping design,

For 2, Based on the Rel.15/16 WUS design, NWUS monitoring could be further optimized to reduce NB-IOT UE power saving on false alarm and UE grouping.
	It should consider the current WUS grouping rule, the complexity of different WUS grouping rule working together is foreseeable.

	Xiaomi
	
	
	For 2 some relaxation was already supported in previous release. 

For 3 and 4, since multicast and positioning is not always used. We don’t see much improvement for the overall power comusption. 

	Qualcomm
	5,6,7,8,9
	5 Same as for NB-IoT (higher BLER requirement, e.g. 10% to reduce power consumption).
6 Same as NB-IoT, additional reference signals may significantly improve performance in low SNR regimes, where performance is limited by channel estimation.
7 When detecting and/or measuring neighbour cells, in low SNR conditions, it is beneficial if the search of the UE can be limited to a subset of cell IDs, and also if timing information is available.
8 When the UE is in good SNR conditions, it should be able to detect whether MPDCCH (single repetition) is present or not. Unfortunately, with the current DMRS placement at the end of every slot, the UE has to wait until the end of the 1st slot to determine with accuracy whether MPDCCH is present or not. Front-loading the DMRS would enable the UE to perform quick detection and go to sleep if no MPDCCH is present (similar concept as microsleep in wideband LTE).
9 For small allocations (e.g. 1 PRB), enable spreading the transmission Res in multiple PRBs (e.g. using only 1 out of every 6 REs) to achieve frequency diversity.
	

	Volkswagen AG
	4
	Many MTC applications require positioning and will benefit from enhanced power savings.
	

	NOVAMINT
	4, 10
	Similar to NB-IoT
	

	Sony
	11
	11: Early termination is supported in TDD mode and FD-FDD mode. However HD-FDD mode is an extremely important duplexing mode for eMTC.

As an example of resource re-assignment, consider the case of a frequency hopped PUSCH transmission. In a frequency selective channel, the eNB may observe that one of the frequency hops is faded. In this case, there is no point having the UE continue to transmit on this frequency. That frequency hop can be de-assigned from the UE. This will save UE power consumption. Resource re-assignment can provide a gain for either repeated transmissions or multi-TB transmissions. 
	1: It is not clear to us that there is a *significant* power saving gain. If a UE can skip receiving escalated paging, it seems to only be able to skip decoding the PDSCH associated with the escalated paging

2: Reducing the MWUS monitoring requirements allows the BLER operating point for MWUS to be increased (e.g. to 10%) and the ensuing paging miss rate for MWUS can be compensated by operating with more frequent DRX. We think this can already be achieved in R15/R16 by network implementation. What needs to be done? More clarifications are needed for No.2

	Philips
	
	
	For 10, we refer to Section 3.4. 
For 1 through 9 and 11: Some further clarification is needed as to how much power saving gains can be achieved with these proposals.

Next to proposals 1 through 11, it may be useful also for eMTC to consider support for very low UE  power class, e.g. 0 dBm, as proposed for NB-IoT (section 2.4).

Also, in general, methods to reduce peak power for eMTC would be very welcome.

	Ericsson
	1
	1: When there are many UEs in the network, there will be many paging attempts, not only the initial paging attempts in the last known cell, but also escalated paging attempts in other cells. All these escalated paging attempts will cause UEs to read the paging records in the NPDSCH. It would help reduce power consumption if UEs that know that they have not moved from the last known cell would only be required to monitor for initial paging attempts, not escalated paging attempts. The separation can be done e.g. using different P-RNTIs.
	2: We do not want to see degraded paging robustness.

3: We currently do not see a need for this.

4: We currently do not see a need for this.

5: We do not want to see degraded paging robustness.

6: Introduction of additional reference signals would require a strong motivation. Earlier RAN1 studies have indicated that e.g. channel estimation over multiple subframes can achieve the required coverage at least for the initially targeted scenarios. Also, additional reference signals for LTE-MTC may cause complication to coexistence between NR and LTE-MTC (Rel-15 NR UEs can map around the CRS which is used in LTE and LTE-MTC but will be unaware of any new additional reference signal for LTE-MTC).

7: We may be open to this proposal if impact is isolated to RAN2.

8: We currently do not see a need for this.

9: We currently do not see a need for this.


	Sequans
	11,12
	11) EDT for FDD & TDD is already defined however, market detects a strong need for similar support for HD-FDD 
12) pending the conclusion of Rel-16, some PUR enhancements / leftovers shall be considered e.g. CFS PUR, improved UL transmission avoidance

	1) it can be further discussed, considering the power consumption impact on mobile NB-IoT applications e.g. tracking devices. 
2) a lot of standard work had been done on WUS and further benefit is not clear


	ORANGE
	4
	Orange agrees with Sierra that UE power consumption remains a key factor and that optimisation on this topic is always very useful.
Positioning is also a key feature, and the less power it requires the more use cases it can allow.
	4 remain a low priority topic as, for now, Orange does not have that much detailed feedback from the field with the current release.

	GTO
	4, None of the others
	Except 4 , none for the time being
	Power consumption for positioning we see as interesting.
Power consumption reduction is always an issue, but so far none of the techniques introduced in R.-15/R.-16 is seen in the field.
Currently there are other issues i.e. inter-working with application being driver in power consumption. 



3.4	Relaying
Companies consider two categories of relay solutions in general: a UE-based relay or a NW-based relay, and within this there are solutions which could be L1, L2, and/or L3 relay. In this first phase of email discussion, companies are requested to set out their views on what requirements a relaying function should meet, and the moderator will present a consolidated requirements set to RAN#85. The second phase of email discussion will, if appropriate, engage in further refinement towards potential WID objective(s).
	Company
	Requirements for relaying
	Motivations
	Other comments

	ZTE
	
	All R14/15/16 evolution solutions are helpful for brand new IoT devices. But they don’t work for legacy IoT devices on the market while IoT devices supposed to work around 10 years. Furthermore the basic idea to extend coverage for IoT system is through channel repetition. However the more the channel repetition is, the more power is consumed.  The repetition scheme also cause shortage of radio resource and leads to much less network capacity.
So an invisible relay node,which is transparent to UE and can also help legacy IoT devices, should be consider.

However, considering the relative independent scope of this study, also the available TU for the IoT WID, it should be considered together (not separated for NB-IoT and eMTC) and studied in another dedicated SID with its own TU. 
It is not appropriate to be included here.
	The IoT relay should be based on the following consideration:
· Can be used by legacy IoT devices
· Extend the UL coverage.
· Improve  radio resource efficiency(e.g. less repetition number) and reduce UE power consumption
Does not increase the UE complexity.

	Huawei, HiSilicon
	Same as in section 2.5
	Same as in section 2.5
	Same as in section 2.5

	SoftBank
	Support of legacy eMTC UEs
	
	It is not clear whether standardization support is needed or not, though. 

	Deutsche Telekom
	Same as in section 2.5
	Same as in section 2.5
	Same as in section 2.5

	Sierra Wireless
	
	Same as in section 2.5
	

	Lenovo&MotoM
	
	Relay is most important feature supported in Rel.17 for UE coverage enhancement and UE power consumption reduction, Uu based IoT relay is preferred
	

	Xiaomi
	
	Relay is beneficial to the coverage extension and power saving from the aspect UE. For the NW aspect, supporting relay is good fo the resource efficiency improvement. We consider relay is one important feature in R17

But on the hand, we don’t expect significant cost and complexity increase on the device side. 

	

	Telstra
	
	Same as in section 2.5
	

	TIM
	Same as in Section 2.5
	
	

	KPN
	UE relay prefered as more flexible option
	UE relay has advantage that no specific relay/repeater device is needed. UEs can act as relay for other UEs. 
Furthermore, relay should also be possible when mobile or deployed in different countries (e.g. in train, ship, car, plane). Therefore the relay should not be assumed to broadcast location/country based information (e.g. MCC/MNC as in SIB from a base station).
	See SA1 REFEC work on multi-hop relays (TS22.866v040) to be aproved at next SA plenary. This also includes requirements and traffic scenarios for IoT applications such as metering, tracking/tracing, and factory of the future.

	Fraunhofer
	Both, UE-based and NW-based relays should be considered
	Relaying is a good way to enhance the coverage, especially for in-house or basement deployment. Similar to NB-IoT in the section above, relays can help reduce transmit power and increase battery lifetime.
For UE-based relays, the increase in power consumption needs to be addressed but might be beneficial for the overall installation, i.e. having a relay UE that is easy to maintain and distributed devices that are not.
	

	Qualcomm
	Same as in Section 2.5
	
	

	NOVAMINT
	UE relay
	Same as in Section 2.5
	

	Sony
	Lower UE power consumption

Improved coverage

No UE hardware changes

Lower UE TX power
	Power consumption is reduced by the improved pathloss to the relay node (compared to the pathloss to the eNB). The pathloss leads to a lower number of repetitions or higher MCS, both of which reduce the time duration of transmissions. The reduced pathloss could alternatively be used to close the link budget for lower UE TX power devices.
The improved pathloss could alternatively be used to improve coverage.
Relaying should be backwards compatible from the hardware perspective, in order to allow deployed devices to take advantage of the feature (via a software update).  For this reason, we think that a Uu relay or repeater is the preferred solution in Rel-17.
	In the left-hand column, we have listed our views in the “requirements” for relaying. We think that the “functionality” to meet these requirements would either by a Uu relay or a repeater.

While a UE relay is interesting for the perspective of ease of deployment, there is likely to be a significant amount of work required. UE relaying might end up being an NR-Light feature, rather than an eMTC / NB-IoT feature.
We would be OK to consider relaying in an independent SID.

	Philips
	UE relay
	Same as in section 2.5
	

	Ericsson
	Same as in Section 2.5
	Same as in Section 2.5
	Same as in Section 2.5

	Sequans
	UE-based relay
	L2 UE based relay is already studied and is the most promising solution in terms of power consumption reduction as well as range extension while keeping the same level of security and serviceability,
	

	ORANGE
	UE based relay is preferred, and  
compatibility with legacy UE (at least in UL)
	Relaying is seen as an important feature for Rel17. It is an efficient way to improve coverage and optimise UE power consumption. It also improves system spectral efficiency by reducing the need of large numbers of repetitions. 

UE-based relaying is seen as a more flexible option than network-based relaying.

Network-based relaying is seen as less flexible and more costly option due to the constraints of deployment, need for radio design, site acquisition and possibly rental, and integration into the operational network.

UE-based relaying is seen as beneficial both in UL and DL, with a higher priority to the UL.
Our view would be to have a three-tier classification of UEs:
· UEs (inc. legacy UEs) without relaying capabilities
· UEs with UL relaying capabilities
· UEs with both DL & UL relaying capabilities to address specific situations with poor coverage.

	Compatibility with legacy BL-UEs is seen as a priority, at least for UL-only relays. 

Agree with KPN that relay should be able to be mobile and operated across borders.


	GTO
	
	Same as indicated in 2.5
	



3.5	Mobility enhancements
1. Inter-RAT mobility LTE-MTC to/from NR
	Company
	Selection(s)
	Motivation for selection(s)
	Other comments

	ZTE
	1
	For 1: To guarantee that UE can camp on a more suitable cell and can obtain better service, inter-RAT mobility LTE-MTC to/from NR is necessary for LTE-MTC/NR dual mode UEs..

	

	Huawei, HiSilison
	1
	1: Inter-RAT mobility to/from NR was not supported in Rel-16. LTE-MTC can connect to 5GC in Rel-16. We believe it is the right time to add inter-RAT mobility to/from NR in Rel-17

	

	Nokia
	
	
	It is not clear if the enhancement listed in this section is motivated by current commercial deployments, and they are not considered a priority from our point of view.

	SoftBank
	
	
	We should firstly discuss the use case & scenario for eMTC-NR dual mode UE.

	Deutsche Telekom
	
	
	We don’t see a need for this in Rel-17

	Sierra Wireless
	
	
	We do not see customer demand for dual mode NR and LTE-M UEs as they cover very different use cases. If battery savings for NR is the motivation, then this should be done in power saving WI for NR.



	Lenovo&MotoM
	1
	For 1, it is fine for MTC UE to camp on a cell of LTE or NR, this could help MTC UE choose a more suitable cell to camp.

	

	Xiaomi
	
	
	Don’t see strong motivation

	Volkswagen AG
	1
	Rel-17 is a good time to introduce this functionality.
	

	NOVAMINT
	(1)
	TBD
	Mobility is the strength of LTE-M but this feature is not demanded at this stage by verticals

	Sony
	1
	1: It is important that LTE-M UEs can move to and from NR cells as more NR networks are deployed.
	

	Philips
	
	
	No need to work on this. It is likely to only increase the complexity of eMTC devices with no apparent benefit.

	Ericsson
	
	
	1: This proposal may become more relevant in combination with NR-Light.

	ORANGE
	
	Not of a very high priority but could be interesting for IoT devices that occasionally require high throughput but remain on low activity most of the time (e.g. CCTV cameras). Such devices could remain connected to LTE-M when activity is medium/low and handover to NR / NR-Light when high throughput is required
	Could be limited to mobility between LTE-M and NR-Light.


	GTO
	
	
	Agree with Ericsson, rather interesting for NR-Lite.



3.6	LTE-MTC working with NR/5GC
1. Multicast/broadcast with connection to 5GC
2. LTE-MTC – NR coexistence in a PRB (note: to be clarified if an LTE-MTC or NR WI objective)
	Company
	Selection(s)
	Motivation for selection(s)
	Other comments

	ZTE
	1
	For 1: SC-PTM is already supported when eMTC UE is connected to EPC. And UE cannot connect to EPC and 5GC simultaneously. The UE connected to 5GC should be able to obtain the same service as connected to EPC, the SC-PTM reception should also be supported when eMTC UE is connected to 5GC.
	For 2:  Firstly details should be clarified as is currently written, secondly, whether it is necessary to be further enhanced should be based on the output of Rel-16 eMTC WI.

	Huawei, HiSilicon
	1
	1: LTE-MTC is able to connect to 5GC in Rel-16. As 5GC is going to support multicast/broadcast in Rel-17, coordination with 5GC multicast/broadcast discussion may be needed.

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


	Nokia
	
	
	It is not clear if the enhancements listed in this section are motivated by current commercial deployments, and they are not considered a priority from our point of view.

	SoftBank
	
	
	2. eMTC-NR coexistence should be done in the early release, if any. Rel-17 is too late, we should do it under Rel-16 WI as a baseline.

	Deutsche Telekom
	
	
	Agree with Softbank

	Sierra Wireless
	
	
	1: There is large gap between standardization and commercialization for LTE-M so the motivation to add new features in Rel 17 is much higher than previous releases and it is not clear that this feature is motivated by current commercial deployments

2: More details needed 

	Lenovo&MotoM
	1
	For 1, it is fine for MTC UE to connect to 5GC cell over multicast/broadcast.

	

	Xiaomi
	
	
	For 1: we could start this work after the NR multicast/broadcast discussion
For 2 more clarification is needed 

	Telstra
	1
	Multicast/broadcast support with connection to 5GC is necessary
	This would potentially help with devices attempting OTA FW upgrades

	KPN
	1
	KPN sees opportunities with MTC applications (e.g. triggering) for multicast/broadcast in targeted geographic areas. 
	From customer perspective, same functionality should be available via EPC and 5GC

	Fraunhofer
	1
	Similar to NB-IoT the multicasting/broadcasting features have huge benefits for firmware/configuration updates and should be considered for 5GC.
	

	Vodafone
	
	
	Same approach as for 2.8 proposed.

	Qualcomm
	1
	Similar to 2.8
	

	NOVAMINT
	
	Same as 2.8
	

	Sony
	1
	1: Given that LTE-M supports connection to 5GC in Rel-16 and 5GC may support multicast / broadcast in Rel-17, necessary enhancements to allow LTE-M to support multicast / broadcast when connected to 5GC should be supported
	2: LTE-M already co-exists with NR. We are open to coexistence enhancements, but feel like the proposal needs to be clarified. The proposal should also be re-visited in the light of the output of the Rel-16 work on LTE-M to NR coexistence.

	Philips
	
	
	No need to work on this. It is likely to only increase the complexity of eMTC devices without any apparent benefit.

	Ericsson
	
	
	1: We currently do not see a need for this.

2: We do not see a use case for this. It may become more relevant in combination with NR-Light.

	ORANGE
	
	
	2: need to understand how different it is from the work already on-going in Rel-16 WI. 

	GTO
	
	Same as 2.8
	No strong need/demand seen currently.



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


	[bookmark: _GoBack]GTO
	5
	
	Same motivation as for NB-Iot, tracking and trace applications can benefit.  
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