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Objectives for Rel-16 NB-IoT and LTE-M(eMTC)

[bookmark: _Ref178064866]Introduction
In this document objectives proposed by different companies are listed and companies are encouraged to give their view on whether an objective should be prioritized.
After seeing the interest for different options, taking into account the available time in the working groups, more detailed objectives will be defined for the second round of discussion.
LTE-M(eMTC)
Further improve UL data transmission efficiency
The following options have been proposed:
1. Early data transmission in idle mode
a. Pre-configured grant/assignment; omitting msg1/2
b. Transmit data before msg3 
2. New waveform, e.g. NOMA 
	Company
	Option(s) that should be included
	Comments

	Huawei, HiSilicon
	1
	

	Xiaomi
	1, 2 
	We are OK with1,  2. 
NOMA combined with UL grant free could enable both massive connections and high transmission efficiency. 

	OPPO
	
	Generally, we are open to these techniques to improve the UL efficiency. But they shall be carefully studied, e.g., how to guarantte the data transfer security for 1b and for 2 we suggest to wait for the output in the NR NOMA SI. 

	ZTE
	None
	There has thinking that Rel-16 would be a ‘small’ release with limited new functional features, as we need more time for specifications correction and consolidation. The TU allocated for R16 eMTC and NB-IoT work items would be limited. Moreover, there may have parallel NR-IoT study item that may cause further reduction in available TUs.
For early data transmission, as we know, the EDT introduced in Rel-15 would mainly for restricted use case, e.g., UE only having one UL/DL packet data for transmission. The need of introducing further enhancements for such restricted scenarios is not very persuasive. 
Furthermore, for option 1 of pre-configured grant/assignment, we agree it has benefit for connected mode transmission. However, for using it in idle mode transmission, we have the following concerns:
· It’s some complicated to evaluate whether the gain is worth the complexity. At least with consideration on a large number of UEs, the issues of collision or waste of reserved resources should be carefully considered. 
· Moreover, some previous related discussion have the condition that TA can be maintained in idle mode but we don’t think there has such restriction for R16 enhancements. In other words, if more convincing gains are wanted, more study work on the use cases would be needed, e.g., TA can or cannot be maintained. For example, if the case that TA cannot be maintained should be considered (as we will also consider the mobility enhancement in R16), more complicated solutions need to be considered and evaluated. 
· Accordingly, more standardization work on RAN1/RAN2/RAN3 may be needed. We worry about whether so much work can be completed in limited TU allocation in Rel-16.

For option 2, e.g. NOMA, we think the solution would handle wide range use cases while it would also be complicated. As there already have much discussion in R15 NOMA SI, we should try to avoid overlapped study work in different WI/SI. Therefore, we agree with OPPO that we certainly should wait for the output of NOMA SI. Based on the output of NOMA SI, later we can decide whether NOMA can be used for further early data transmission in eMTC.

Finally, we think in the following sections, we already have much work on R15 leftover, coverage enhancements (e.g., relay), system scheduling efficiency enhancements, stand-alone LTE-M and so on. Introducing complicated solutions of early data transmission before Msg3 for unclear requirements would not provide much benefit but pose a risk to the completion of R16 work items as scheduled.

	Telstra
	1
	Agree with OPPO & ZTE re 2), requires SI first

	SoftBank
	
	Generally speaking, the current commercial network and the latest standard have a very big gap, and we don’t know whether or not the listed technology is really important for the success of 3GPP LPWA technologies. We think we can slow-down our discussion a bit. 

	Sony
	1, 2
	1: We are generally supportive of grant-free if it can reduce latency or improve battery consumption. In addition, to consider the payload transmission with security aspect that may require larger payload size.
2: eMTC / NB-IoT meet the IMT-2020 capacity requirements, as shown in RAN1 contributions on IMT-2020 self-evaluation. However, NOMA can allow those capacity requirements to be fulfilled using fewer LTE resources. Hence the efficiency gains possible with NOMA would be a useful addition in Rel-16.

	Samsung
	NA
	#1, compared with EDT, the gain is not very clear.
#2, NOMA is not a new waveform. To support a new waveform, it will increase UE complexity, which is against the motivation of eMTC. For the support of NOMA, we don’t see the need since eMTC already can meet IMT-2020 requirement. And we share similar view as Oppo and ZTE, we can wait for NOMA SI first.

	VEOLIA
	1, (2)
	We believe R16 should be the “ultimate” release for NB-IoT & eMTC in the continuity of Release 15 with a continuous strong focus on battery consumption including grant free transmission like approach and relays/hop capabilities in order to be competitive with the non 3GPP technologies which by the end of Release 16 will have progressed too and will likely to offer much more than that.
Therefore, we believe that it would be a tremendous draw back for 3GPP to consider Release 16 as a small release with minor improvements as it would endanger the whole perspective and future of eMTC and NB-IoT.
Quite the opposite, we would strongly encourage 3GPP to reinforce its IoT stake by creating a dedicated IoT stream which should include a strong R16 NB-IoT & eMTC and NR-IoT study and any other IoT discussion.

	Deutsche Telekom
	1
	We proposed this already initially for Rel-13 NB-IoT, but it was not considered important enough as the companies wanted to keep the SR/SG based mechanism. So, no it is really time introducing it (for eMTC and NB-IoT).
We prefer a solution based on 1)

	Qualcomm
	1,2
	For 2, we can leverage the outcome of the NR SI on mMTC.

	Intel
	1, 2 (2 with comments)
	NOMA and UL grant free benefit UE power saving, latency reduction, and massive connectivity. NOMA schemes discussed in Rel-15 NR NOMA SI can be the starting point for LTE-M NOMA. 
NOMA is not a new waveform. We suggest to change the wording on the 2nd bullet to “New multiple access” rather than “New waveform”.

	Sierra Wireless
	2
	#1 Assume this means grant free with OMA possibly with MU MIMO
No very supportive as we have SPS already. However, an idle mode SPS is something that could be studied and if found beneficial move to normative.
#2 Assume this means grant free with NOMA
Would support looking into grant free with NOMA but with a study phase to make sure this save DL resources and doesn’t impact UE battery life negatively. Given a study is needed and the gains are unclear, If TUs are tight, this is a lower priority 

	Thales
	1
	We share the views that grant free access needs to be introduced to reduce power consumption of devices which is key for verticals.

	Ericsson
	1
	We are positive to studying #1.

	OMESH
	1?
	UL efficiency can be improved by UE to network relay as well, which is discussed in 2.5. We believe this would provide much higher gain potentially. We are generally positive on 1, but with lower prioritization depending on the projected work load; for 2, we share the view of OPPO and ZTE.  

	Hughes
	2
	Asynchronous NOMA Grant-Free will have better transmission efficiency

	Sequans
	1.a, 2
	We support enhancements to improve UL transmission, both pre-configured and grant free as it may address different use cases.
NOMA is indeed a promising technique that can be used to implement grant free and perhaps also pre-configured access but at the same time we need to make sure the UE complexity is not significantly increased, therefor NOMA techniques that reuse the current waveform are preferred. A study phase may be needed, as it is not sure the NOAM SI would achieve specific recommendations for LTE IoT enhancements.
We are not clear on the details of the proposal in 1b

	TM R&D
	1a
	Grant free transmission mechanism is useful for sensors that have preconfigured with specific UL reporting traffic pattern. Most of the static IoT applications are designed for that and this is critical to further reduce the power consumption and latency. We have no strong opinions for other proposals but think that they should be de-prioritized in this release and also to avoid redundancy in other SI/WI.

	Orange
	1.2
	OK with option 1 and 2
NOMA should be combined with UL grant free access to take advantage of NOMA for massive UL capacity (in terms of number of connected devices)
NOMA is not necessarily associated to a new waveform but relies on advanced receiver capability at the network side to solve as many “collisions” as possible. For example, well separated  DMRS may be considered as a first step to solve collisions.



DL transmission improvement
The following options have been proposed:
1. Data in Msg 2/4 
2. CSI-RS support 
3. MPDCCH enhancement, e.g. based on CRS 
4. Paging enhancement for static or semi-static UEs 
	Company
	Option(s) that should be included
	Comments

	Nokia
	1 (Data in Msg 4), 2, 3
	In our view DL data in MSG4 is sufficient and no strong need to have data in MSG2 which seems quite complex.
CSI-RS support is important for beamforming based operation.

	Huawei, HiSilicon
	
	Of these, #1 seems the most useful, but it should be listed in section 2.8 as a Rel-15 ‘leftover’. 

	Xiaomi 
	--
	For 1, we show negative view. Dada in Msg.4 was already supported. As for data in Msg.2, we are concerned about  the increased complexity. 
For 2, we show negative view. Firstly we don’t see strong benefits brought by CSI-RS. On the other hand, some additional complexity would be incurred on the UE side. 
For 3, we show negative view on the CRS utilization. We are not clear about the motivation of utilizing CRS. If CRS is utilized for the channel estimation enhancement, we have some concern on the impact on the increased complexity on the device side due to additional use of CRS. If channel estimation for MPDCCH is one issue, some other solution can be considered. For example PRG bundling. This solution could improve the channel estimation with little impact on the complexity.
 For 4, no strong view

	OPPO
	
	For 1, how to guarantee the data transfer security is the key point. Especially for data in Msg2, there is no reliable method up to now.  
For 2/3, we needs to evaluate whether the gains is worthwhile compared with the increased UE’s complexity.  

	ZTE
	2, 4
	For option 1, it should be a Rel-15 leftover issue and be suitable in section 2.8.
For option 2, supporting CSI-RS can make full use of the gain of multi-antenna in eNB and increase DL transmission efficiency. Therefore, we think it’s needed.
For option 4, it would be an option for further reducing UE power consumption, e.g., for semi-static or intermittently stationary Ues. So it’s also needed.

	SoftBank
	
	Generally speaking, the current commercial network and the latest standard have a very big gap, and we don’t know whether or not the listed technology is really important for the success of 3GPP LPWA technologies. We think we can slow-down our discussion a bit.

	Sony
	3, 4
	1: Consider payload with security aspect that may require larger payload size.
2: Not support. Getting the UE to do more measurements and reporting those measurements in the UL is not the way to reduce power consumption.
3: Use of CRS will improve channel estimation performance. Since Rel-13, our view has consistently been that MPDCCH should support CRS and we still have this view.
4: Early data transmission via paging message. This will avoid having the UE to perform RRC connection for small data transmission. We would also be interested in e.g. delay tolerant paging and temporary paging limitations for UE power saving

	Samsung
	NA
	#1 is Rel-15 leftover. 
#2, 3 may increase UE complexity, which is not aligning with the main use case/purpose of eMTC. If CRS-RS, CRS based DCI is important,  LTE Cat 1/0 can be used.
#4,Rel-15 already introduce WUS to reduce UE power consumption. The motivation is not very clear. 

	Deutsche Telekom
	1
	Improving the DL in this sense will help enabling new use cases for eMTC

	Qualcomm
	1,3
	1 is a leftover of Rel-15.
For 3, at least enabling CRS-based channel estimation for warm-up before MPDCCH subframes would bring benefits (even without changing the MPDCCH itself)

	Intel
	1
	For 1, this can be considered as “leftover” from Rel-15.
For 2 and 3, the benefits versus increase in UE complexity are not clear. 
For 4, UE stationary information is not fully reliable for network as UE may move anytime or CE level may change.

	Sierra Wireless
	1 – Msg4
2

	#1 Data in Msg 2/4 – I agree with Nokia, doing this in msg2 is very complex. Msg4 is acceptable and then is a left over from Rel 15
#2 CSI-RS support – Supportive but should not increase UE complexity too much.
#3 MPDCCH enhancement, e.g. based on CRS – Low priority and vague
#4 Paging enhancement for static or semi-static Ues – This is too vague – not sure what would be enhanced

	Ericsson
	3
	Comment on #1: If Msg2 EDT were to be specified, it should be limited to stationary Ues. However, this is not a natural evolution path for RRC Suspend & Resume.

	OMESH 
	4
	DL transmission can be improved by network to UE relay as well, which is discussed in 2.5. Out of the items listed above, we are mostly positive on 4, in terms of the fact that static or semi-static UE can be further saved power consumption by reducing overheads. Here “static” suggests being static in both the position and traffic patterns of the UE, We agree that 1 is a leftover of R15.

	Sequans
	1, 2, 4
	Data in msg2/4 could be attractive as long as the solution bears low complexity on the UE side.
CSI-RS support can improve the operation for applications that are on the higher range of the throughput requirements e.g. voice related applications. At the same time, the feature use should be very selective to make sure other applications don’t experience increased power consumption.
Large portion of the eMTC (& NB-IoT) applications could be static or semi static which could be leveraged to signalling and power reduction

	TM R&D
	1
	DL improvement should focus on the leftover from Rel-15.

	Orange
	2, 4
	2: CSI-RS could be interesting for beamforming.
4: Paging enhancement have already been made in Rel-15 with WUS but could probably be yet more optimized for static device (who are the most challenging ones)
3: MPDCCH enhancement could also make sense for Ultra Low Cost networks where downlink capacity requirements could be much higher.



Scheduling enhancement
The following options have been proposed:
1. DCI scheduling multiple PDSCH/PUSCH transport blocks
2. Dynamic HARQ timing 
3. Improved measurement abilities
	Company
	Option(s) that should be included
	Comments

	Nokia
	1
	In our view this can reduce DCI overhead significantly for certain use cases.

	Huawei, HiSilicon
	3
	The value of these proposals needs to be expanded upon. For example, is #1 intended for SC-PTM where it was originally proposed in Rel-14? Dynamic HARQ timing was considered at least in part in Rel-13, so whether there is a big gain needs to be understood. Improved measurements can be useful, but the eMTC UE’s measurement is already aided by having between 6 and 25 PRBs bandwidth together with frequency hopping, so if there is a deficiency needs to be established first.

	Xiaomi
	--
	For 1, we show negative view. We don’t see very concrete use case for it. Since in most cases, the packet size in MTC is small, one-shot transmission may be sufficient. Moreover, we are also concerned about this kind of operation would tighten the processing time on the device side. 
For 2&3， we don’t have strong view

	ZTE
	1, 2
	For option 1, it would be used for unicast transmission and has benefit of reducing DCI overhead and improving radio resource efficiency. 
For option 2, as current fixed UL/DL scheduling timing has negative impacts on system scheduling performance, introduction of dynamic scheduling timing during HARQ processes can be helpful to reduce blocking and improve resource utilization.
As more IoT applications are deployed, needs for system capacity and scheduling efficiency further increase. Then it’s worth studying the above options in Rel-16. 

	Sony
	--
	1: not support. Rel-15 has tried to make eMTC more responsive during ongoing transmissions through early termination mechanisms. Making scheduling decisions for multiple PDSCH / PUSCH transport blocks in the future seems to go against this direction.
eMTC is also useful for larger packet sizes, so we wouldn’t base arguments for / against proposals based on assumptions that eMTC transmits small packets.

	Samsung
	1 for group ACK/NACK for PUSCH

	In Rel-15 leftover, there are group DCI to provide ACK/NACK for PUSCH, which can be treated as scheduling multiple UL TB.
For more general one DCI scheduling multiple UL/DL transport blocks, we need to understand the different between SPS.


	Qualcomm
	1
	At least for SC-PTM, this brings clear benefits and doesn’t have much impact in general procedures, since SC-PTM does not require HARQ-ACK.

	Intel
	--
	For 1, the use case and scope should be clarified. For instance, is it only for SC-PTM use case? What is the motivation for the DCI scheduling multiple PUSCH TBs?
For 2, it is not clear what kind of dynamic HARQ timing enhancement is considered. 
For 3, the need and benefits of the improvement in measurement abilities should be clarified. 

	Sierra Wireless
	1 
	1.	DCI scheduling multiple PDSCH/PUSCH transport blocks
LPWA includes a wide variety of applications and use case which send a wide variety of transmission sizes. Many applications, including metering, often send ~1KByte transmission which at 1000bits per transport block, currently takes 8 grants and that’s in good coverage. Also, this feature provides the ability to interleave TB when repeats are used which increases time diversity. The improvement in time diversity reduces the numbers of repeats needed which further improves spectral efficiency and more importantly improves UE battery life.
2.	Dynamic HARQ timing - With HARQ Ack bundling, some dynamic HARQ timing is already included so the gains here need to be shown.
3.	Improved measurement abilities- Depending on what gets included in Rel15 for RSS, there might be some work to aid a UE to better utilize RSS for measurement purposes.

	Ericsson
	1, 3
	Regarding #3, the following solutions may be considered.
· Consider a more compact UL PHR format (e.g. similar to NB-IoT) for smaller overhead in CE
· Early reporting of DL RSRQ (or CQI) in Msg3 or Msg5 for improved link adaptation in CE
· Improved DL RSRP measurement accuracy e.g. through use of other signals than CRS

	Sequans
	
	We see no justification for these enhancements at this time

	TM R&D
	3
	We do see the benefits of improving the measurement abilities but need to consider the power consumption at the same time.

	Orange
	1
	1: Interesting for increasing downlink capacity / reducing overhead.
3: improved measurement could be of interest in large coverage extension areas where they are less accurate than under normal coverage but the cost (complexity and power consumption) needs to be carefully evaluated and balanced.



System information improvement
The following options have been proposed:
1. Common system information parameters for group of cells 
	Company
	Option(s) that should be included
	Comments

	Nokia
	1
	In our view this can reduce system acquisition time for the UE.

	Huawei, HiSilicon
	N/A
	SI enhancement should focus on the use case for CE mode improvements for non-BL UEs in section  2.5, where we have listed some aspects. This should be a Y/N choice like other single-entry items.

	ZTE
	FFS
	Common system information parameters for group of cells need new SI structure, which is not compatible with legacy UEs.
Common system information parameters for group of cells can only provide benefit to new UEs in the cells supporting this new feature. To support the legacy UEs, the legacy SIs should still be broadcasted in the cell. Then two sets of SIs are needed in the cell, which will cost extra radio resource.
Therefore, we need more evaluation about the pros and cons for this option.

	Sony
	1
	Reduction of system acquisition time and UE can benefit by having knowledge about neighbour cell SI.

	Deutsche Telekom
	
	The topic and potential realisations should be understood better before deciding on a particular solution. The help of having “common system information for a group of cells” is questionable, as often the (neighbouring) cells have different properties, which require different SI. 

	Intel
	--
	For HO, common system information is provided in RRC reconfiguration message. And now there is already possibility that UE stores SIBs of visited cell and if MIB indicate no change bit then UE can skip SIB of the cell. The additional gain by supporting this compared to complexity is not clear.

	Sierra Wireless
	N?
	We are not sure of the UE power savings as e.g. SIB3/4 neighbour lists will likely change when going to a new cell so this needs to be decode for each cell anyways.

	Ericsson
	1
	NR has adopted a concept of “System Information Area”. Something similar can be consider for LTE-M.

	Sequans
	1
	The power reduction benefit justifies the additional complexity / signalling

	Orange
	1
	It could reduce power consumption for UE moving inside this group of cell



Coverage enhancement
The following options have been proposed:
1. Extreme long range, including multi-hop network relay link
2. In-band UE relay 
3. CE mode improvements for non-BL UEs
4. Support of non-terrestrial networks
	Company
	Option(s) that should be included
	Comments

	Nokia
	1
	Extreme long range can be supported using existing eMTC techniques with possible small modifications.

	Huawei, HiSilicon
	1, 3
	It seems that #3 is actually the solutions for the use case of #1, so some re-structure would be useful here. There are a few components to #3, some are summarized in RP-172497. They include mobility enhancement and system information delivery to non-BL UEs in CE modes, connected mode support for ETWS/CMAS, and DL 2x2 MIMO in CE modes.

	Xiaomi
	2 & (1)
	For 2, We are interested. Considering the benefits of further power saving and possible wide availability of UE-relay in future, UE relay enable more flexible deployment. In addition, for the UE relay type, it could be smart-phone like UE and could also be the NB-IoT like device. For example, some NB-IoT devices could also be utilized as relay for the nearby NB-IoT devices. 
For 1,  if further coverage enhancement is needed, both data channel and broadcast channel such as PBCH should be considered to keep consistent coverage 

	OPPO
	2
	Relay between smartphone and IoT UEs is one promising technique to expand the IOT application. It is very clear that it is beneficial to the IoT UE’s power saving, coverage and can greatly improve the user experience.  

	ZTE
	1
	Our thinking about extreme long range is network relay. Network relay would be useful for UEs deployed in deep coverage hole, which can extend the NW coverage and save UE power consumption. 
To minimize impacts on legacy network, it’s suggested to consider single-hop network relay. 
For option 3, it can be considered together with CSI-RS support in section 2.2.

	LG
	2
	In-band UE relay with side link should be included. At least short study phase is necessary to study deployment scenarios and potential changes to the physical layer design

	Telstra
	1, 2, 3
	We see 1) & 3) being somewhat related but seeking to address the same problem. For 2) it’s clear a solution is needed.
Telstra is also interested in enhancing coverage by improving UL link budget through the introduction of Power Class 1 and/or Power Class 2. 
While data repetitions aim to address the same problem, it comes at the expense of network resources, data rate, latency and battery life.

	Sony
	1, 2
	1: Also useful for NTN. Coverage is not the issue for extreme long range, given than eMTC supports 164dB MCL. We expect issues to revolve more around dealing with propagation delay.
2: Reduces power consumption and can simplify handover when eMTC devices are moving together (e.g. on train, in car, where the train / car acts as an in-band relay). In-band relaying is applicable for both stationary devices (utility meters) and for mobile devices (e.g. wearables). An eMTC device can be either an end-device or act as a relay. We would also support a “smartphone” LTE device acting as an in-band relay. Work in feD2D study item can be used as a start point.

	Samsung
	2 (to reduce UE power consumption rather than coverage enhancement)
	#1, no motivation to support it.
#2, We don’t see the motivation to support more than 155dB MCL with eMTC, especially with UE relay. 
However, we think UE relay can reduce UE power consumption in extended coverage, although some other relay UEs may sacrifice more power consumption as relay. In some use cases, it is fine since it is easy for some UE to get recharge or power line.
On the other hand, this feature shall target to also benefit for legacy UE.

	VEOLIA
	1, 2, 3
	To be discussed further

	Deutsche Telekom
	
	These aspects are totally mixed !
Extreme long converge is a different requirement than something which can be addressed with relay or enhancements of CE modes.
The usage of relays needs to be really justified depending on the use case and deployment scenario.
Applicability of CE mode for non-BL UEs is a topic which is not related to eMTC and thus should not be hidden into this discussion. Currently we do not see a need for such a discussion, but we are open to trying to understand the scenarios and implications.

	Qualcomm
	1, 2, 3
	1 and 3 are the same problem, in our view.

	Intel
	2
	For 1 and 3, it is not clear what kind of enhancements are considered. 
For 2, enabling UE-to-NW sidelink relaying is beneficial for coverage and energy efficiency of remote UEs.

	Sierra Wireless
	2
	1.	Extreme long range- Extreme long range is already well supported. Perhaps some small changes to critical channels could be considered.
2.	In-band UE relay-  Support as long as UE complexity is low and UE battery life is the main objective.
3.	CE mode improvements for non-BL UEs - the following more specific improvement could be considered:
· High Power UE 
· DL MIMO 2x2 for CE Mode A and B
But this is a lower priority feature.

	Thales
	4
	The purpose is enhancement for global coverage with non-terrestrial network based relays.
The intent is to address the un served (temporary or permanent unavailability) and under-served areas (for economic reasons).
It includes the needs of verticals from transport (aeronautical, maritime, vehicles), security and agriculture domains.
The study will analyse potential areas of impact in the LTE-M (eMTC) protocol stack and identify possible solutions. The work will make use of the 3GPP TR 38.811 “NR support Non-terrestrial networks” outcomes

	Ericsson 
	1, 3
	Our concerns on UE relays are detailed in RP-180351.

	OMESH
	1, 2
	For 1，we suggest to study new multi-hop UE-to-Network relay links considering complex and indoor/underground situations which cannot be fully covered by direct communications. It not only improves network coverage, but also enhances the energy and spectrum efficiency, and the reliability/latency as well. Our work showed that multi-hop links can even be much better than single-hop, as proportional to the number of wireless hops, given proper access control and resource management intelligence of base-stations.

For 2, UE-to-UE relaying under the same architecture shares similar benefits, and can potentially support innovative applications requiring real-time edge computing and processing. Therefore, it shall also be studied.

	Sequans
	2, 4
	A UE relay solution could provide significant power gain due to substantial decrease in the number of repetition, it also allow more flexible deployment planning.
Support for non-terrestrial network would enable new market for LTE LPWA, so simple solutions e.g. enhancements to deal with increased propagation delay can be considered.

	TM R&D
	1
	We are looking for coverage enhancement that can utilize wireless backhaul and wiring is not required. Thus, we think that multi-hop relay is essential to get coverage extension beyond 164 MCL with dedicated relay deployment.

	Orange
	1,3
2
	1 & 3 : Extreme long range can be supported with eMTC already with Rel14,  but some enhancements could be made with a more optimal use of 2 antennas with mode A & B (e.g. based on beamforming) and mobility. This could be useful for non-BL UE.
2: We see relaying primarily as a way to help reduce UE power and RR consumption for similar coverage, but also to a certain extent as a way to extend coverage outside of CE mode B coverage. When in significantly extended coverage, relaying (even if uplink only) could save numerous repetition and thus reducing UE power consumption and RR need As both UE and relay are under eNB coverage we expect than setting up the relay could be network assisted to limits UE complexity.



NR co-existence improvement
	Company
	Feature should be included or not (Y/N)
	Comments

	Nokia
	Y
	Assuming this includes connectivity to 5G core network

	Huawei, HiSilicon
	FFS
	What is needed should be based on RAN4 study, and ensure backward compatibility for legacy UEs.
Connection to 5G core should also be included (either here or another section).

	T-Mobile USA
	Y
	This should be covered by LTE/NR coexistence, but it might be worthwhile to discuss if there are any additional impacts from LTE-M to NR coexistence with NR. 

	Xiaomi
	Y
	Should be studied considering future LTE spectrum re-farming

	OPPO
	Y, it shall be “NR co-existence”
	LTE-M and NB-IoT co-existence with NR shall be one of the main point in Rel-16 to satisfy the operator’s deployment requirement 

	ZTE
	Y
	Taken into account that eMTC UEs will work for many years and NR NW will be deployed in the near future, eMTC co-existence with NR is useful for protecting operators’ investments and improve radio resource efficiency.
For the eMTC eNB connected to 5GC, the eLTE agreements may be reused. 

	LG
	Y
	Even though required work load is not clear yet, it is good to have necessary features for NR coexistence as earlier release as possible for forward compatibility

	Telstra
	Y
	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Must ensure backward compatibility for legacy UE’s and connectivity to 5G core network

	SoftBank
	Y
	We are interested in this activity, and appreciate to have a study. If something needs to be specified for the better coexistence, it should be specified as early as possible. 

	Sony
	Y
	eMTC already co-exists with NR (an NR UE can be signalled the resources that are being use by eMTC). This coexistence can be improved if the eMTC device is aware of features of the NR host carrier that it is operating within.

	Samsung
	Y
	Assuming this includes connectivity to 5G core network

	Deutsche Telekom
	Y
	Similar view as T-Mobile USA.
The topic of connectivity to the 5GC has nothing to do with the NR co-existence and should be a separate topic (which is to our understanding anyway covered already in Rel-15 as “Architecture Option 5”) …

	Qualcomm
	Y
	The solutions should be backward compatible, but enhancements to Rel-16 UE can be introduced.
This should also include connection to 5G core network.

	Intel
	Y
	Assuming this includes connectivity to 5G core network

	Sierra Wireless
	Y
	Supportive but this might also be covered by LTE/NR coexistence work. Could include any changes need to support connectivity to 5G core network.

	Ericsson
	
	Rel-15 NR has established sufficient framework for NR and LTE-M coexistence. Thus, we do not see any coexistence issue. Regarding Connection to 5G core, we are open to that once the work on 5G core support for CIoT functionalities has been completed.

	OMESH 
	Y 
	As NR-IOT is not scoped in R16, we think at least planning would be necessary, potentially starting from the co-existence improvement. 

	TM R&D
	Y
	Some preparation works are at least required.

	Orange 
	Y 
	We expect Rel16 optimisations to better support co-existence of LTE-M within a 5G Carrier. While LTE-M operation on an NR carrier should remain backward compatible with legacy LTE-M devices, potential reduction of signalling (e.g. PDCCH) should be considered for LTE-M dedicated carriers. Optimal co-existence of NR traffic within an LTE-M carrier should also be considered.



Network management tool enhancement
The following options have been proposed:
1. Load control improvement 
2. Improve SON/ANR functionalities
	Company
	Option(s) that should be included
	Comments

	Huawei, HiSilicon
	1, 2
	There are many possibilities for how objectives might be written for #1 and #2. Specifically what should be the target of this work, if included, needs to be further discussed, and we may refine our view on that basis.

	Xiaomi
	--
	We don’t have strong views. But in our opinion, the impact on the devices side should be minimized. For example, no additional measurement or report or no additional hardware/ software update is more desirable. 

	ZTE
	1, 2
	We think these options have benefits for system resources utilization.
The start point may be to evaluate the legacy mechanisms in LTE to check whether any further enhancements are needed.

	Deutsche Telekom
	--
	Objectives are not clear …

	Qualcomm
	1
	To us, the load control can be (at least partially) fulfilled by SPS in idle mode (answered in 2.1)

	Ericsson
	1, 2
	Regarding #1, we think that the network should be able to control the behavior of UEs in RRC connected mode to prevent mobile originating signaling and/or data traffic. Another issue to address is traffic spikes. See RP-180466 for details.

	OMESH
	1, 2
	Network management shall support optimization of resource utilization given UE QoS requirements.

	Sequans
	--
	Regarding #2. We are not supportive. We should avoid increase in measurements requirements that will impact power consumption

	TM R&D
	1
	Load control improvement is useful for mitigating the spikes of traffics from IoT devices.

	Orange
	1
	If eMTC technics are used for coverage extension for non-BL UE, improved load control will likely be needed.



Complete leftover features from earlier releases
The following options have been proposed:
1. SPS 
2. Group WUS 
3. Group HARQ-ACK for UL data
4. MT EDT
5. Access Barring per CE-level 
6. Power consumption reduction in RRC connected mode
7. L2 enhancement with HARQ feedback for early termination
	Company
	Option(s) that should be included
	Comments

	Nokia
	1,2,3,4,5
	Item 5 may be completed already in REL15

	Huawei, HiSilicon
	3
	#1 is not leftover from any release WID. Others e.g. #2 depend on further discussions with Rel-15. This list will need re-visiting before RAN#80.

	OPPO
	3
	2 depends on the progress in Rel-15.

	ZTE
	3, 4, 6
	For option 3, it has benefit for improving radio resource efficiency and can be considered.
For option 4, further enhancements for data in Msg4, or even in Msg2 can be considered, e.g., in paging case or in contention-free RA procedure.
We think an additional option of “power consumption reduction in RRC connected mode” can also be considered in this section. Then we add the option 6. With this option, e.g., enhanced connected mode DRX and PDCCH detection optimization, more UE power saving would be expected.

For option 1 and 2, the evaluation for the gain and complexity are still needed for these options before we can introduce them. 
For option 5, we assume it would be completed in Rel-15.

	LG
	4, 7
	In REL-15, EDT only supports MO case due to lack of time. It is beneficial to support MT case as well.
In Rel-15, HARQ feedback for early termination has been progressed only from PHY point of view. We think SPS, RA, and DRX related L2 enhancement with HARQ feedback should be progressed in Rel-16.

	Telstra
	5, 6
	Will 5) be delivered in rel-15?

	Sony
	
	Depending on the progress of the coming WG meetings, we will come back with comments prior to RAN#80.

	Samsung
	1, 2, 3
	#1: SPS can be used at least for SC-PTM to reduce system overhead.
Others items can be double checked after RAN 1 #93 meeting.

	Deutsche Telekom
	None
	This should not be used as a “blank cheque” to put the burden of everything on which companies were not successful until know to put it in ! .. FIRSTLY the problem to be solved should be describes, analysed and a common assessment should be done …

	Qualcomm
	2, 4, 6
	(Needs to be revisited after Rel-15 completion)

	Intel
	2, 4, 5
	As Huawei has mentioned, 1 is not a leftover for eMTC.

	Sierra Wireless
	4,5 
	1.	SPS- This is new work. No strong view but would like to see something more specific in WID
2.	Group WUS – was examined in Rel 15 and gains are not clear
3.	Group HARQ-ACK for UL data - This was considered in Rel 15 and determined not to provide significant benefit.
4.	MT EDT - This seems to be the same as section 2.2 #1
5.	Access Barring per CE-level – no strong view but generally supportive but with lower priority

	Ericsson
	4, 5
	Option #1 may be interesting depending on what it means (SPS is already supported in connected mode in CE mode A)

	Sequans
	2
	The Benefit of WUS is more evident if applied for a group

	Orange
	5
	3: Not sure there will be so much opportunities to use group HARQ ACK UL data
5: could be useful to manage load



Stand-alone LTE-M
	Company
	Feature should be included or not (Y/N)
	Comments

	Nokia
	Y
	In our view this can significantly improve eMTC efficiency in future deployment, especially in 1.4MHz bandwidth.

	Huawei, HiSilicon
	N
	eMTC can already be successfully deployed within an NR carrier, so enhancements should be focused on other features and functions.

	T-Mobile USA
	Y
	This needs work with 5GC

	Xiaomi
	Y
	1. Should be studied considering future LTE band re-farming and extension of the possible use case. 
2. The impact on the normal LTE devices should be minimized 

	OPPO
	N
	We don’t see clear motivation for supporting sand-alone LTE-M. Inband MTC with LTE or NR is beneficial for the spectrum utilization by spectrum sharing among MTC UEs/LTE UEs and NR UEs.   

	ZTE
	Y
	It can avoid the negative impacts in that eMTC is co-existed with legacy LTE and improve the radio resource efficiency for eMTC.
The possible study points may be as follows:
· the suitable scenario for standalone eMTC
· the supported bandwidth
· possible removal of reserved resources for legacy PDCCH
· CRS muting, etc.

	Telstra
	Y
	Must ensure backward compatibility for legacy UE’s and connectivity to 5G core network

	SoftBank
	
	No strong opinion right now, but we would point out that 1.4MHz operation may have a problem on a specific band (e.g. Band 1 – the minimum BW is 5MHz). This should also be take into account.

	Samsung
	N
	eMTC is a feature of LTE, which can be well deployed with NR system

	Deutsche Telekom
	N
	What is “standalone” in this sense ? if it is the connection to the 5GC, then it is covered with Rel-15 Architecture option 5 already …

	Qualcomm
	?
	If the objective is to enhance eMTC for in-band NR, we agree this needs to be studied. For us, “standalone eMTC” as presented is one of the technical solutions for 2.6. This being said, we agree that the solution for eMTC coexistence may be more cumbersome that that of NB-IoT.

	Intel
	N
	The use of legacy PDCCH control region seems to be a small optimization.

	Sierra Wireless
	Y
	This will be important in the future when LTE is deprecated and LTE-M runs in-band with NR or stand-alone. 

	Ericsson
	Y
	We assume that this is about enabling the resource elements in the LTE control region to be utilized by LTE-M, something that may also become useful in an LTE-M/NR coexistence scenario.

	OMESH
	N
	It is unclear how exactly eMTC will evolve with NR, and NR-IOT down the road. We share the view of Qualcomm that this shall be studied in 2.6.

	Sequans
	Y
	Standalone operation could be important for BW reframing.

	TM R&D
	N
	Any operators looking for this?

	Orange
	Y
	Stand-alone deployment  should already be possible in 1.4 MHz LTE but there is room for improvement. 
Coexistence with NR on a NR carrier should be studied
See 2.6



SC-PTM enhancement 
	Company
	Feature should be included or not (Y/N)
	Comments

	Huawei, HiSilicon
	N?
	It is not clear what is proposed here that is different from other parts, e.g. DCI for multiple transport blocks.

	ZTE
	Y
	It would be beneficial to further reduce redundant reception on UE and unnecessary power consumption due to repetition without feedback or without differentiation for the first time transmission and the repeated ones.

	Telstra
	Y
	Broadcast capability is necessary to be able to deliver firmware updates at minimum battery life cost

	Samsung
	?
	OK to support SPS for SC-PTM to reduce DL overhead (similar as for NB-IoT), same as setion 2.8.

	VEOLIA
	Y
	Agree with Telstra’s comment – see NB-IoT

	Deutsche Telekom
	N
	What issue do we address here ? What is needed in addition to what we have already ?

	Qualcomm
	Y?
	The part of DCI for multiple TBS should be specified. Other enhancements are unclear.

	Intel
	--
	The scope is not clear.

	Sierra Wireless
	N
	No clear market need to enhance this feature

	Ericsson
	N
	On our side, we haven’t seen any motivation to enhance SC-PTM. However, if support for single DCI scheduling multiple TBs is introduced for unicast in connected mode, it may be considered also for SC-PTM.



Positioning enhancement 
	Company
	Feature should be included or not (Y/N)
	Comments

	Huawei, HiSilicon
	Y?
	OTDOA for eMTC is already supported. We proposed some further enhancement to OTDOA in Rel-15, and would be open to considering similar enhancements in future.

	T-Mobile USA
	N
	This feature should be part of any positioning enhancement study item

	Xiaomi 
	Y
	UTDOA can be considered in rel-16 to improve the positioning accuracy and then improve the service experience provided. 

	ZTE
	Y
	Positioning is an important feature for IoT. Considering UE’s the low bandwidth and low cost characteristics, the options for improving positioning accuracy and reducing positioning power consumption are still needed. We agree with Xiaomi that UTDOA should be considered.
As the positioning use cases in IoT may be different from that in legacy LTE positioning, the positioning enhancements for IoT would be studied independently.

	Telstra
	Y
	Would like to see this but is it better captured under positioning SI?

	Sony
	Y
	Positioning is a very important aspect for eMTC devices (e.g. for wearables). Enhancements to support improved accuracy or reduced power consumption are welcome.

	Samsung
	N
	Can be discussed with general LTE positioning enhancement if any. 

	VEOLIA
	Y
	It is as well a very important topic for our perspective but to be discussed if it should be addressed here or a dedicated positioning SI.

	Deutsche Telekom
	N
	As T-Mobile USA

	Qualcomm
	N?
	Unclear what is proposed here – UTDOA was discussed in Rel-14 and concluded not to be beneficial (in NB-IoT WI).

	Intel
	--
	It is not clear what kind of enhancements are considered.

	Sierra Wireless
	Y
	[bookmark: _GoBack]Generally supportive but would like to see something more specific in WID. Optimizations of OTDOA to improve accuracy using longer measurement times (e.g. minutes) would be useful for IoT applications that need very infrequent location fixes (e.g. once per year - street lighting, metering, parking, remote sensors)

	Ericsson
	N
	Agree with the views expressed by T-Mobile and Telstra. This should be handled in the general LTE positioning enhancement discussion.

	OMESH
	Y?
	If UE and Network relays are considered in the scope of R16 (we strongly recommended), UE positioning enhancement shall be considered by taking advantages of the multiple eMTC side-links.

	Sequans
	
	UE Based OTDOA positioning, as a leftover from Rel-15



NB-IoT
Further improve UL data transmission efficiency in both idle and connected modes
The following options have been proposed:
1. Early data transmission in idle mode
2. Pre-configured grant/assignment; omitting msg1/2
3. Transmit data before msg3 
4. Connected mode improvement
5. Grant-free
6. Improved uplink power control
7. HARQ feedback for early termination
8. New waveform 
9. UL multiple access on shared resources
10. UL higher order modulation
11. Inter-cell interference reduction
	Company
	Option(s) that should be included
	Comments

	
	
	1) 

	Huawei, HiSilicon
	1,2,3,4,5,8,9
	Note that some of these are linked components or similar proposals.

	Reliance Jio
	1,2,3,4,5,8,9
	

	Xiaomi
	1,5,9
	We support 1, 5, 9
1. Data transmission in idle mode could improve the transmission efficiency significantly 
2. New multiple access scheme combined with UL grant free provide effective solution to support data transmission in idle mode considering the aspects of flexibility and collision avoidance
For 10, if the higher order modulation is only applied for the multi-tone case, we are OK with it. We don’t see the need to apply it in the single tone case. 

	OPPO
	1,5
	These points shall be carefully studied, e.g., how to guarantte the data transfer security for 1b and for 9 we suggest to wait for the output in the NR NOMA SI.

	ZTE
	4, 6, 7, 10, 11
	As we have mentioned in section 2.1, the solutions about option 1, 2, 3, 5 would be complicated if both the use cases that TA can or cannot be maintained are considered. Also there would have many specification impacts in RAN1/RAN2/RAN3. For option 8 and 9, we think the solutions may be more complicated than option 1, 2, 3. Therefore, it may be hard to complete these options in Rel-16 NB-IoT, especially considering that NB-IoT has more topics to be discussed than eMTC.

For option 4 and 7, they can be seen as Rel-15 leftovers for further consideration.
For option 6 and 10, they are useful for improving UL data rate and can be considered if they have not much impact on UE cost. 
We think an additional option of “inter-cell interference reduction” can also be considered in this section. Then we add the option 11. With this option, e.g., NPUSCH scrambling enhancement, the NW performance can be improved.


	III
	1,5,7,8,9
	Data segmentation and/or fall-back procedure for user plane C-IoT optimization should be completed in R-16 if time limited in R-15. 
HARQ-ACK feedback for early termination in TDD mode should be prioritized, if early termination for NPUSCH in Rel-15 TDD NB-IoT is not specified.



	SoftBank
	
	Generally speaking, the current commercial network and the latest standard have a very big gap, and we don’t know whether or not the listed technology is really important for the success of 3GPP LPWA technologies. We think we can slow-down our discussion a bit.

	Sony
	{1,2,3,5}, {8,9}
	1,2,3,5: seem to be linked proposals on grant free. The set of proposals should be whittled down to a single proposal.
8,9: seem to be linked proposals on NOMA and should be written as a single proposal.

	Samsung
	 7
	For 1& 2&3, the gain is not clear compared with EDT in Rel-15
For #4, it is not clear for us what connected mode improvement is. 
For #5, if this is UL SPS, we can support it and treat it as leftover of Rel-15. If this is related to NOMA, we prefer not to support it.
For 7, some similar mechanism as eMTC can be considered including potential Rel-16 group DCI for ACK/NACK. 
No support of 8 &9 which will increase UE/eNB complexity and the gain is not clear. 
No support of 10 which will increase UE complexity since the EVM requirement is higher. 

	VEOLIA
	1, 2, 3, 4, 5
	It is critical to have such improvements or capability to be competitive with non 3GPP technologies.
We believe options 1, 2, 3 or 5 should be a key focus of the Release 16 for NB-IoT in order to be still relevant by the end of R16. If not, it will endanger the whole ecosystem and industrials and verticals will seriously question the perspectives of the technology. 

	Deutsche Telekom
	1, 2, 5, 9
	

	Qualcomm
	1,2,3,5,8,9
	Some of these are linked (e.g. data before msg3, pre-configured assignments, new waveform). The new waveform in our view can derive from the NOMA SI.
For grant-free, it is unclear if this is for idle or connected. Our first priority would be to have it for idle, optimizing for small data.

	Intel
	1, 2, 3, 5, 7,  9
	The 1, 2, 3, 5 and 9 are related proposals. We support NOMA and UL grant free for UL enhancements, which benefit the UE power saving, latency reduction and massive connectivity. NOMA schemes discussed in Rel-15 NR NOMA SI can be the starting point. 
For 4, the scope is not clear. 
For 7, it benefits the UE power consumption, but may require additional processing capability.
For 8, not sure if the new waveform is related to discussions such as NOMA or other techniques. For NOMA, we do not think it should be referred as “new waveform”.
For 10, the use cases are not clear.

	Sierra Wireless
	6,7,8 
	1.	Early data transmission in idle mode - EDT is already from idle mode
2.	Pre-configured grant/assignment; omitting msg1/2 – Same view as LTE-M - Not very supportive 
3.	Transmit data before msg3 - How is this different than #2
4.	Connected mode improvement - This is vague – some improvement of SPS (e.g. data w/o UL grant) can be considered depending on Rel 15 progress on SPS.
5.	Grant-free- This is similar to #4
6.	Improved uplink power control -Introduce closed loop UL power control in connected mode
7.	HARQ feedback for early termination - Supportive as this was added to LTE-M in Rel 15 but possibly only for TDD.
8.	New waveform- Same view a LTE-M. Would support looking into grant free with NOMA but with a study phase to make sure this save DL resources and doesn’t impact UE battery life negatively. Given a study is needed and the gains are unclear, If TUs are tight, this is a lower priority
9.	UL multiple access on shared resources - Spectral efficiency with 3.75kHz single tone is already very good in NB-IOT. Study would have to show that e.g. MU-MIMO is needed.
10.	UL higher order modulation -This may add cost/complexity to the power amplifiers and thus new UE will be needed.

	Thales
	1, 2, 3, 5
	These features are key to improve power efficiency and hence should be addressed in priority

	Ericsson
	4, 6, 7
	We have concerns or comments on a few items on the list.
#1: In principle, Rel-15 EDT may also be considered as early data transmission in idle mode, considering that connection has not been established yet when data is transmitted in Msg3.
#2 & #3: Our interpretation is that #2 is contention-free and #3 is contention based. In general, for both approaches, we are concerned with resource utilization efficiency
#3: We are concerned with TA accuracy and interference to UEs transmitting on neighbouring subcarriers
#8: New waveform has large impacts on the eNB receiver, complexity budget, and coexistence with existing NB-IoT waveforms.

	OMESH 
	1-5, 6,9
	1-5 appears to be legacy ways that can be studied for NB-IOT in R16. We are more supportive on 6,9 as new approaches in UL enhancement, and multi-hop relay links can also greatly enhance UL efficiency, which appears to be discussed in 3.4.

	Hughes
	8
	New waveform including use of very low rate FEC instead of repeating as well as grand free asynchronous NOMA may be considered.

	Sequans
	1, 2, 5, 7, 9
	1 & 2 could contribute to more efficient power consumption
We think grant free transmission (5), and UL multiple access on shared resources (9) are linked together. A study phase to check compatibility of a specific NOMA technique to implement multiple access is required.
Early termination in UL (7) could provide power saving in a small cost
We are not clear on the proposal in 3 and hope to get clarifications.

	TM R&D
	2, 5
	Those listed features can further reduce the power consumption and need to be prioritized in Rel-16. Static IoT applications may have periodical traffic pattern and preconfigured grant assignment is really useful in this case (2). Option 2 also has less UE impact and easy to implement.

	CMCC
	1
	Early data transmission seems beneficial for latency reduction. Studies should be focused on methods which can bring substantive performance improvement. 
The UL congestion is severe in NB-IoT network for some use cases when a large of UEs initiate UL transmission simultaneously (e.g. smart metering). Approaches, such as but not limited to 5, should be taken into consideration to ease the pressure of UL transmission. 

	Mediatek
	1,2,3,5,(9)
7
11

	1,2,3,5,(9): Support. We support EDT in Idle mode on configured resources omitting MSG1 and 2. This was earlier referred to as “Idle mode SPS”. We believe there are two flavours: a) dedicated resources, b) common resources, where we think a) is more important than b). 
a) We think Idle mode EDT on dedicated configured resources is for stationary UEs with predicable traffic, i.e. typically meters, and the expected benefits are:
- Skip RACH msg1 and 2
- Can tailor TBS for UEs with predictable size report packets to avoid padding, which is otherwise a negative side effect of EDT.
- Avoid contention and dependency to load. 
- Can spread the load of such UEs by an AS mechanism.
We expect the benefits to be visible in terms of power consumption and applicable to the UEs that are the most sensitive to power consumption performance, e.g. water-meters at 164dB CL and 15y battery life requirement.
 
b) Idle mode EDT on common configured resources can be applicable to any UE that has a valid TA and the main benefit is to skip RACH msg1 and 2. 
7: Support. For typical M2M UEs with UL dominant traffic, especially in bad coverage it is important to terminate UL transmission timely, in order to have good power consumption. The eNB can choose to what extent to rely on HARQ feedback vs. blind repetition, i.e. to choose between DL signalling overhead vs. overshoot in UL transmissions, which are both bad, and we support to do enhancements in this area. 
11: We believe that inter-cell interference can be a problem as there is no connected mode trigger for mobility except RLF, so we suggest mobility enhancement to address UL interference. 
4,6: Reasonable Link adaptation enhancements could be ok. 
8: No. We suggest to NOT attempt to define a new NOMA-friendly wave-form for NB-IoT. 



DL transmission improvement
The following options have been proposed:
1. 4 NRS ports
2. Data in Msg 2/4
3. Beamforming
4. CSI report
5. SRS-based reciprocity
6. DL group messages
7. High data rate improvement
8. Paging enhancement for static or semi-static UEs
9. DL higher order modulation
	Company
	Option(s) that should be included
	Comments

	Nokia
	1,2,3,4
	DL data in Msg4 needs to be completed in case it is not finalized in Rel-15. No strong need to have data in Msg2 which seems quite complex.
CSI-RS support is important for beamforming based operation.

	Huawei, HiSilicon
	6
	We see benefits in a number of the options in this list, but many of them require careful analysis of the reality of their benefits. E.g. having 4 NRS ports is intuitively useful, but our investigations suggest that the gain from better channel estimation is barely adequate to pay for resource lost to the extra NRS ports; whilst it assumes increased UE complexity.
#2 may be considered within section 3.12 as a Rel-15 ‘leftover’.

	Reliance Jio
	2,4,6,7,9
	DL throughput and group based messages are essential for FOTA scenarios on NB-IOT

	Xiaomi
	4 
	For 1, we show negative view. We don’t see the motivation of supporting 4 NRS. In out understanding, the gain of extending NRS port from 2 to 4 is small. On the other hand, some additional complexity is expected. 
For 2, we show negative view. Data in Msg.4 is already supported. For data in Msg.2, we think it is too complicated. 
For 3, we show negative view. We don’t see strong motivation for it in NB-IoT scenario
For 4, can be considered to provide more accurate link adaptation. But on the other hand, the CSI report should be based on the NRS, no new RS or RS pattern is needed. 



	OPPO
	
	The UE’s complexity, power consumption, and the UE cases shall be comprehensively evaluated before utilizing these options.

	ZTE
	7, 8
	For option 7, considering that there has no RV in DL in NB-IoT, the DL performance would be decreased during repetitions with high coding rate and large TB size, which have negative impacts on the data rate and should be improved.
For option 8, it would be an option for further reducing UE power consumption, e.g., for semi-static or intermittently stationary UEs. So it’s also needed.

For option 2, it can be listed in Rel-15 leftovers.


	III
	2,6,8
	DL data in Msg4 should be related to MT-EDT in 3.12.


	SoftBank
	
	Generally speaking, the current commercial network and the latest standard have a very big gap, and we don’t know whether or not the listed technology is really important for the success of 3GPP LPWA technologies. We think we can slow-down our discussion a bit.

	Samsung
	2
	# 2 can be considered as Rel-15 leftover.  
We assume # 6 is already supported for SC-PTM. What is other scenario?
#7, we don’t see the need for FDD. 
#8, in Rel-15, we already supports WUS, we don’t see the motivation for further optimization.

	VEOLIA
	
	Some may be nice to have but we should focus first on features having significant impacts on the battery consumption and meeting real use cases expectations (3.1 & 3.4).

	Deutsche Telekom
	6
	Instead of randomly choosing solutions, we should FIRSTLY identify the gaps/issues …

	Qualcomm
	1?, 2,3,4,5
	For 1, this probably needs study on impact on legacy UEs + benefits in different scenarios.
2 is a leftover from Rel-15, and 3-5 are essentially techniques to enable beamforming.
We would also like to include the possibility of early termination/measurements in non-anchor (as explained in 3.11), not sure if we should treat this as a leftover of Rel-15.

	Intel
	2
	For 1 and 4, the benefits are not clear. Also, it has impact on UE complexity and power consumption which needs to be carefully studied
For 2, we are fine to consider this as “leftover” from Rel-15. 
For 3, 7 and 9, the use cases and motivations are not clear, at the expense of quite large complexity increase.

	Sierra Wireless
	2- Msg4 only
3,4

	We see potential benefits in a many of the options, but many of them require study of their benefits which may take too much time.
1.	4 NRS ports- Specify if found beneficial
2.	Data in Msg 2/4- This left over from Rel 15 but supportive for msg 4 only
3.	Beamforming- Specify if found beneficial
4.	CSI report- Supportive
5.	SRS-based reciprocity -Neutral
6.	DL group messages – We already have SC-PTM for group messages. Not sure how a e.g. group RNTI adds to what we have.
7.	High data rate improvement - No market need
8.	Paging enhancement for static or semi-static UEs- This is too vague – not sure what would be enhanced 
9.	DL higher order modulation – this will clearly increase UE complexity

	Ericsson
	4
	We have concerns on some items.
#2: If Msg2 EDT were to be specified, it should be limited to stationary UEs. However, this is not a natural evolution path for RRC Suspend & Resume.
#3: NB-IoT UEs in bad coverage will likely to have slow feedback. A long feedback loop limits the effectiveness of beamforming.
#5: SRS is not yet defined in NB-IoT.
We are open to #6 if this is about small data payload carried in paging with group RNTI.
We are checking on #1 and #9 and we will come back with additional comments.

	Sequans
	2, 8
	#2 is beneficial for a power reduction for a typical NB-IoT application
#8: Many NB-IoT applications are static or semi static which could be leveraged to signalling and power reduction.

We have concerns regarding:
#1 it should be shown that the added complexity is justified. The benefit does not seem to be marginal
#3, #4  the added UL signalling would result in added power consumption
#6 SC-PTM already supported
#7, it is not clear what is the benefit of higher data rate. It is applicable for a very small portion of the UEs in the centre of the cell and for application that require higher data rate, other UE categories are available.
#9 it is not clear what is the benefit of higher order modulation, It is applicable for a very small portion of the UEs while it increases complexity.

	TM R&D
	2, 6
	DL transmission is essential for IoT applications that require downlink control and option 2 should be completed. We also think that DL group message could be really helpful to allow us to have a single command to control a group of NB-IoT UEs.

	CMCC
	6
	DL group based messages are very useful for use cases such as smart metering and smart lamppost.

	Mediatek
	9, 
4, 
(2)
	9: Support. In many cases, NB-IoT is deployed on an LTE grid, and can have high Power/PRB, i.e. many NB-IoT UEs are in good radio coverage. The current max modulation is QPSK, but we expect that e.g. 16QAM could be applicable to many UEs. We expect the chip cost increase to support 16QAM would be small, and in practice could be applicable to all NB-IoT UEs. The expected benefit would be spectrum efficiency, especially for larger transmissions such as download of firmware, configuration files etc.
4: Support. In general we are supportive of link adaptation enhancements, and in particular if higher order modulation for DL is supported, some kind of CSI reporting would be desirable.
2: Wondering. We should not attempt to send data in MSG2, but if complementary work is needed for Data in MSG4 that could be ok (this was actually agreed already in R15, but maybe not fully completed). We acknowledge that for IoT there are also some common DL-centric traffic cases where a server controls devices. 
6: Wondering. We could see some potential usefulness but: If this is SC-PTM it would be good to specify what need to be done, If this is not SC-PTM, then it would be good to understand how this can be supported on system level. 
8: Maybe not. We believe paging in a single cell can already be done, and eNB can already have the strategy to first page assuming the last coverage level, and re-page with a deeper coverage level, and in Rel-15 the WUS for paging was added, so we are wondering what is needed.



Handover enhancement
The following options have been proposed:
1. Idle mode inter-RAT mobility
2. Introduce connected mode mobility
3. Introduce connected mode mobility based on reselections i.e. without measurement reporting and HOs
	Company
	Option(s) that should be included
	Comments

	Nokia
	3
	Connected mode mobility need to be considered for the larger data transmissions, but measurement reporting together with handovers impact negatively on the UE battery consumption and increases the signalling. According to the current NB-IoT specifications the UE can be in the connected mode on the non-best cell until radio link failure happens which is not very optimal.

	Huawei, HiSilicon
	1
	We have also considered #2, and think this can be done without increasing UE power consumption or complexity, but we would prioritize #1.

	T-Mobile USA
	1, 2 and 3
	We agree with Nokia’s statements on Option 3 and also feel that option 2 would be helpful. Connected mobility needed for interference mitigation, battery performance and RACH reduction as devices drag into adjacent IoT Cells. Stationary devices’ battery will not be impacted as no MR will be sent.

	Reliance Jio
	1,2,3
	Substantial application set belong to the “tracking” category. All possible mobility optimizations are important

	Xiaomi
	--
	We don’t see the need for the handover enhancement. 
1. One reason is for service like tracking, the packet is quite small, and the motivation of connected mode mobility seems weak. Even if there is a need for the inter-cell mobility, the device could go back to the idle mode to perform it. Maybe some latency can be foreseen, but this is not a big problem for service like tracking.  
2. The second reason is that supporting these handover enhancement requires more inter-cell measurement, which would consume more power and increase the processing burden on the device side. 

	OPPO
	
	Whether to introduce the above needs to consider whether there are clear use cases and the device’s power consumption. 

	ZTE
	1, 2
	As various IoT applications are deployed, needs for mobility enhancements further increase. 
For option 1, it would be needed if the UE has inter-RAT mobility capability (e.g., supporting both NB-IoT and GSM). 
For option 2, if there still has requirement for reducing service interruption during connected mode mobility, handover-based mobility and simplified measurement/reporting are preferred. We are not crystal clear the benefit of option 3 if measurements on UE side anyway are needed.

	Telstra
	1, 2, 3
	We agree with Reliance Jio, restricting mobility capability simply reduces the number of verticals supported. In terms of battery impact from measurements, this can be studied.


	III
	1,3
	Mobility between NB-IoT and eMTC should be studied in #1. We also support connected mode mobility without measurement reports.


	SoftBank
	
	In Rel-13 people said these technologies are not necessary. What happened? We would understand more what is the current use case/requirement for NB-IoT before going to the selection of exact technology.
Why do we need to assume larger data for NB-IoT?
Why multi-RAT can be assumed for NB-IoT, is it cost-effective? 

	VEOLIA
	1,2, 3
	Agree with Reliance Jio and Telstra.

	Deutsche Telekom
	None
	NB-IoT aimed to be a SIMPLE system … we had lengthy discussions back in the GERAN SI and initial Rel-13 WI on these topics a we do not see any good reason repeating those discussions.

	Qualcomm 
	1
	Mobility between NB-IoT and LTE (including eMTC) should be the priority for #1.

	Sierra Wireless
	1
	1.	Idle mode inter-RAT mobility – Supportive especially with eMTC and GSM
2.	Introduce connected mode mobility – Lower priority
3.	Introduce connected mode mobility based on reselections i.e. without measurement reporting and HOs- Lower priority.

	Ericsson
	1
	Considering that many UEs are multi-RATs capable, Idle-mode inter-RAT mobility is a simple feature that can be introduced in Rel-16 to allow such UEs to select the best RAT to connect to, thereby achieving energy, coverage, latency improvement.

	Sequans
	--
	We should keep the UE simple and efficient. Connected mode mobility significantly increases the power consumption

	TM R&D
	-
	NB-IoT is designed to be simple and should not focus much on mobility, but we would like to find out on Nokia’s comment on larger data transmission. What is larger data transmission mentioned here.

	CMCC
	1,3
	1,3 should be given higher priority; pros and cons of case 2 should be carefully studied.

	Mediatek
	1, 3
	1: IRAT Idle mode mobility seems to be a low hanging fruit to avoid that UEs get stuck in bad coverage when better coverage of another RAT is available. 
2, 3: FIRST, There are cases when NB-IoT UEs can get stuck in Connected mode for long times, e.g. for file download, e.g. tracker with high update frequency (10s is a very common update frequency, but also 2s and 1s periodicity is used for GSM based trackers today), e.g. simple media such as push to talk for a kids tracker device, and some devices have non-regular transmission sizes. The simple meter traffic model that was assumed for the initial CIOT study is ok as mindset for many functions but for mobility we need to take into account all the realistic traffic models to make it work properly. SECOND, NB-IoT is often deployed on a LTE grid with higher power/PRB then LTE, i.e. for outdoor UEs, the coverage overlap between cells can be very significant, meaning that a UE can go very deep into a neighbour cell until RLF happens, and can thus cause significant interference. SO, we think it is well motivated to have a better trigger than RLF for connected mode mobility. 
IMPACT: note that the procedures are already in place, e.g. re-establishment, what is currently missing is the mobility trigger. We cannot require higher HW capability of the UE so measurements of neighbour cells may need to be done in gaps, and there may need to be some network control of when a UE is allowed to move to a stronger cell. A mobility enhancement should be applicable to both CIOT CP and UP solutions. 



Coverage enhancement
The following options have been proposed:
1. Network relay, including multi-hop support
2. In-band UE relay
3. Support of non-terrestrial networks 
	Company
	Option(s) that should be included
	Comments

	Thales
	3
	The purpose is enhancement for global coverage with non-terrestrial network based relays.
The intent is to address the un served (temporary or permanent unavailability) and under-served areas (for economic reasons).
It includes the needs of verticals from transport (aeronautical, maritime, vehicles), security and agriculture domains.
The study will analyse potential areas of impact in the NB-IoT protocol stack and identify possible solutions. The work will make use of the 3GPP TR 38.811 “NR support Non-terrestrial networks” outcomes

	Huawei, HiSilicon
	1
	We note that the purpose is not “coverage enhancement” in the classical sense of adding more dB to MCL, since this is already excellent for NB-IoT and eMTC. In relay-type solutions, the point is to extend the cellular network into areas where no (feasible) amount of coverage enhancement by techniques such as repetition or power boosting would ever reach, e.g. very deep underground levels.
Given this observation, it could be better to separate 1 and 2 into a relay part, and put NTN as another part.
The options here need to be refined, as they do not seem to precisely cover what has been proposed from the various companies, including what is in the feD2D WID proposal (which was clarified as in-scope to this email discussion). We are interested to discuss a Uu-based relay node for NB-IoT, so we have indicated #1, but would update this assuming the list of options is refined.

	Reliance Jio
	1
	

	Hisense
	1,2
	There are more many motivations of relay（network relay or multi-hop or inband UE relay）other than coverage enhancement. For example, It may help to reduce the UE power consumption. It also can be used in some special situations, e.g. strong electromagnetic interference environment.
We note that there are more detailed objectives in the relay scope, e.g. discovery enhancement, path switch, etc.
It could be better to have a higher level title for relay and list all the options in the relay scope.

	Xiaomi
	2
	We are interested in 2 considering the popularity of smartphone. In-band UE relay does not rely on the operator network planning, it could work once there is one UE supporting relay functionality. In addition, for the UE relay type, it could be smart-phone like UE and could also be the NB-IoT like device. For example, some NB-IoT devices could also be utilized as relay for the nearby NB-IoT devices.

	OPPO
	1/2
	Relay between smartphone and IoT UEs is one promising technique to expand the IOT application. It is very clear that it is beneficial to the IoT UE’s power saving, coverage and can greatly improve the user experience.  

	ZTE
	1
	Network relay is useful for deployed UE in deep coverage hole as it can extend the NW coverage and save UE power consumption. 
To minimize impacts on legacy network, it’s suggested to consider single-hop network relay.
Furthermore, considering that only 200khz bandwidth is supported in NB-IoT and low cost and low power consumption requirements, it may be difficult to support in-band UE relay. Even if the UE has capability of supporting higher data rate in 200khz bandwidth, there may still have concerns on the scheduling complexity and power consumption.

	LG
	2
	UE relay with side link should be included. At least short study phase is necessary to study deployment scenarios and potential changes to the physical layer design.


	SES
	3
	To reach remote areas, and also in the event that terrestrial networks are temporarily unavailable

	Telstra
	1, 2
	Some form of relay is necessary, outcome of the study to decide which is preferential. 3) should be captured under non-terrestrial SI
Telstra is also interested in enhancing coverage by improving UL link budget through the introduction of Power Class 1 and/or Power Class 2. 
While data repetitions aim to address the same problem, it comes at the expense of network resources, data rate, latency and battery life.

	Hughes
	3 and 1
	In addition to Thales suggested above using NTN networks,, use of satellite link as one leg of the network relay may also be considered.


	III
	1,2
	Relay technology could be beneficial for extending coverage to out of coverage, and relay could be useful for wearable IoT devices. In some scenario, such as the indoor parking lot, the coverage of eNB is not enough when number of eNB is limited. 


	Sony
	1,2,3
	2: Useful from a power consumption perspective for utility meters. The work done in feD2D can be used as a starting point. The NB-IoT UE can act as an end-point or as a relay node.
3: NTN is interesting for NB-IoT, but it is also of interest for eMTC, which has almost identical coverage to NB-IoT.

	Samsung
	2? 
	We don’t see the need to further extend coverage to adding more MCL.
In order to support UE relay, we suggest:
· Assume all the UE is able to be reached by network (i.e., within 164dB MCL) to ensure the reliability.
· Serve for legacy NB-IoT UE transparently. 
Objective of UE relay is reduce UE power consumption other than further extend coverage. 

	VEOLIA
	1, 2, 3
	We support the view of Hi-Sense and others regarding the relay topic. This is not a question only of coverage enhancement but also of UE power consumption. So, it would be better to have a higher level title for relay and list all the options in the relay scope as suggested.
Moreover, multi-hop support is not only linked to Network Relay so it should be a separate option on its own.
Furthermore, we are already seeing an evolution of the LPWAN’s landscape (non 3GPP) into this direction to serve the evolution of the needs of several contexts (Smart city, Logistics…) with a strong demand for more hybrid/combined solutions offering long range connectivity and communications between devices and multi-hop when necessary.
With the release 16, 3GPP has the opportunity to catch up and even lead the work on this evolution to offer the best ecosystem. Not addressing this into this release or not fully addressing it will likely lead for the industry to question even reconsider the perspectives of NB-IoT and to look for other alternatives answering these needs.
Therefore, we believe it is also critical for 3GPP to address fully this topic as part of Release 16 and as part of a dedicated stream/scope. 

Regarding the option 3, we believe it is very important to start as well a study to look into support of non-terrestrial networks for NB-IoT as proposed by Thales.

	Deutsche Telekom
	none
	The usage of relays needs to be really justified depending on the use case and deployment scenario. Max. 1) is acceptable to us !

	Qualcomm
	2
	We think the ability to deploy UE relays by the entity that deploys the NB-IoT UEs (e.g. water meters) can add similar flexibility as non-3GPP technologies.

	Intel
	1, 2
	Enabling UE-to-NW sidelink relaying is beneficial for coverage and energy efficiency of remote UEs.

	Sierra Wireless
	1/2
	Relaying is clearly beneficial to the IoT UE’s power saving and the system coverage and spectral efficiency. What type of relay(s) to specify can be studied. 

	Ericsson
	
	Our concerns on UE relays are detailed in RP-180351.

	OMESH 
	1,2
	For 1，we suggest to study new multi-hop UE-to-Network relay links considering complex and indoor/underground situations which cannot be fully covered by direct communications. It not only improves network coverage, but also enhances the energy and spectrum efficiency, and the reliability/latency as well. Our work showed that multi-hop links can even be much better than single-hop, as proportional to the number of wireless hops, given proper access control and resource management intelligence of base-stations.

For 2, UE-to-UE relaying under the same architecture can share similar benefits, and can potentially support innovative applications requiring real-time edge computing and processing. Therefore, it shall also be studied.

	Sequans
	2, 3
	A UE relay solution could provide significant power gain due to substantial decrease in the number of repetition, it also allow more flexible deployment planning.
Support for non-terrestrial network would enable new market for LTE LPWA, so simple solutions e.g. enhancements to deal with increased propagation delay can be considered.

	TM R&D
	1
	We are looking for coverage enhancement that can utilize wireless backhaul and wiring is not required. Thus, we think that multi-hop relay is essential to get coverage extension beyond 164 MCL with dedicated relay deployment. Our contribution can be found at R2-1806748. For in-band UE relay, we don’t see much necessity and benefits since it is considered unplanned network.

	Mediatek
	1
	1: Relay: We do not want a different wireless interface depending on whether relaying is done or not. In particular, we think starting with PC5 as a baseline is a bad idea, as there is no reasonable support for unicast and an IOT link flavour would need to start development from scratch, while NB-IoT Uu has now already been evolved and optimized for a couple of releases. We would be ok with relaying solutions assuming Uu as the baseline interface for the device UE (only one interface). Requiring NB-IoT UEs to support multiple wireless interfaces is not acceptable. 



Scheduling enhancement
The following options have been proposed:
1. DCI scheduling multiple DL/UL transport blocks
2. Group UL HARQ-ACK feedback
	Company
	Option(s) that should be included
	Comments

	Nokia
	1
	In our view this can reduce DCI overhead significantly for certain use cases.

	Huawei, HiSilicon
	-
	Rather than being presented as isolated technical ideas, these need to explained in terms of a use case and justification for which they are proposed, otherwise they do not seem high priority.

	T-Mobile USA
	1
	Agrees with Nokia’s statement

	Xiaomi
	--
	For 1, we show negative view. We don’t see very concrete use case for it. Since in most cases, the packet size in NB-IoT is small, one-shot transmission may be sufficient. Moreover, we are also concerned about this kind of operation would tighten the processing time on the device side. 


	ZTE
	1
	For option 1, similar as that for eMTC, it would be used for unicast transmission and has benefit of reducing DCI overhead and improving radio resource efficiency. 
For option 2, as NB-IoT cannot support HARQ-ACK for UL data, it’s not suitable to consider group UL HARQ-ACK feedback.

	LG
	1, 2
	Necessary especially for TDD to reduce the DCI/UCI overheads


	III
	1
	

	
	
	


	Sony
	-
	Agree with Huawei/HiSilicon comments above.

	Samsung
	2 
	For #1, we like to understand what is the different from UL/DL SPS if agreed to carry on in Rel-16.

	VEOLIA
	1, 2 
	To continue/ improve work done in Release 15

	Deutsche Telekom
	1
	1) Might be interesting ..

	Qualcomm
	1
	Prioritize SC-PTM.

	Intel
	--
	The use case, and the benefits versus impact on scheduling flexibility and DCI design should be clarified. For instance, regarding #1, is it only for SC-PTM use case? What is the motivation for the DCI scheduling multiple UL TBs?

	Sierra Wireless
	1
	#1 Similar view as eMTC –support
LPWA includes a wide variety of applications and use cases which send a wide variety of transmission sizes. Many applications, including metering, often send 1KByte transmission which at 1000bits per transport block, currently takes 8 grants and that’s in good coverage. Also, this feature provides the ability to interleave TB when repeats are used which increases time diversity. The improvement in time diversity reduces the numbers of repeats needed which further improves spectral efficiency and more importantly improves UE battery life. 
#2 Similar view as eMTC – not supportive – gains were not shown in Rel 15.

	Ericsson
	1
	Regarding item #2, we are concerned with DL resource consumption.

	Sequans
	--
	We see no justification for these enhancements at this time

	TM R&D
	-
	We don’t see the necessity here



System information improvement
The following options have been proposed:
1. Common system information parameters for group of cells
	Company
	Option(s) that should be included
	Comments

	Nokia
	1
	In our view this can reduce system acquisition time for the UE.

	Huawei, HiSilicon
	N
	This should be a Y/N option like other single-entry section. We are not sure the potential savings from this (in NB-IoT and eMTC) will be practically available once we consider how varied network deployments can be in reality.

	T-Mobile USA
	1
	Reduces system acquisition time

	Reliance Jio
	1
	

	ZTE
	FFS
	Common system information parameters for group of cells need new SI structure, which is not compatible with legacy UEs.
Common system information parameters for group of cells can only provide benefit to new Ues in the cells supporting this new feature. To support the legacy Ues, the legacy Sis should still be broadcasted in the cell. Then two sets of Sis are needed in the cell, which will cost extra radio resource.
Therefore, we need more evaluation about the pros and cons for this option.


	III
	1
	Same opinion as T-Mobile and Nokia.

	Mediatek
	1
	Multi-TB scheduling would be ok, and could preferably be done as SPS. Cross carrier scheduling would also be ok.  


	Sony
	-
	We would welcome a study that aims to determine whether there are significant system acquisition time improvements that could be achieved.

	VEOLIA
	(1)
	If this is really reducing system acquisition time then it is interesting for our perspective.

	Deutsche Telekom
	
	The topic and potential realisations should be understood better before deciding on a particular solution. The help of having “common system information for a group of cells” is questionable, as often the (neighbouring) cells have different properties, which require different SI.

	Intel
	--
	It is not clear on the complexity to acquire common configuration and SIB of the cells.

	Sierra Wireless
	-
	Same view as LTE-M. We are not sure of the savings as e.g. SIB4 neighbour lists will likely change when going to a new cell so this needs to be decode anyways.

	Ericsson
	1
	NR has adopted a concept of “System Information Area”. Something similar can be consider for NB-IoT.

	TM R&D
	-
	The reason of having common SI for a group of cells need to be clarified first.

	Mediatek
	1
	Common system parameters between cells can indeed be interesting, as it can reduce the need for a moving UE to re-read SI to rely more on stored SI



NR co-existence improvement
	Company
	Feature should be included or not (Y/N)
	Comments

	Nokia
	Y
	Assuming this includes connectivity to 5G core network

	Huawei, HiSilicon
	Y, see comment
	What is needed should be based on RAN4 study, and ensure backward compatibility for Rel-13/14/15 NB-IoT UEs. For example, it would be useful for RAN4 to confirm the conditions for coexistence between NR and NB-IoT in low frequency bands and assuming 15 kHz subcarrier spacing. This could even be targeted within Rel-15, December 2018, rather than Rel-16.
Connection to 5G core should also be included (either here or another section).

	T-Mobile USA
	Y
	In-band, guard band and stand-alone NB operating modes/bands for RAN with and without 5GC for all NR numerologies. This would need to be studied for FDD and when TDD NB-IoT can be studied for that mode in TDD 


	Reliance Jio
	N
	Not an immediate priority

	Xiaomi
	Y
	Should be considered considering future LTE band re-farming

	OPPO
	Y, it shall be “NR co-existence” 
	LTE-M and NB-IoT co-existence with NR shall be one of the main objective in Rel-16 to satisfy the operator’s deployment requirement 

	ZTE
	Y
	Taken into account that NB-IoT UEs will work for many years and NR NW will be deployed in the near future, NB-IoT co-existence with NR is useful for protecting operators’ investments and improve radio resource efficiency.
For the NB-IoT eNB connected to 5GC, the eLTE agreements may be reused. 

	LG
	Y
	Even though required work load is not clear yet, it is good to have necessary features for NR coexistence as earlier release as possible for forward compatibility

	Telstra
	Y
	Must ensure backward compatibility for legacy UE’s and connectivity to 5G core network


	III
	Y
	We support NB-IoT and NR coexistence on low frequency band with 15 kHz subcarrier spacing.


	SoftBank
	Y
	We are interested in this activity, and appreciate to have a study. If something needs to be specified for the better coexistence, it should be specified as early as possible. 

	Sony
	Y
	As for eMTC, NR already supports coexistence with NB-IoT. This can be improved if the NB-IoT is aware of some of the aspects of the NR waveform

	Samsung
	Y
	Assuming this includes connectivity to 5G core network

	VEOLIA
	Y
	Key aspect is to ensure backward compatibility for Rel-13/14/15 NB-IoT UEs. 

	Deutsche Telekom
	
	Similar view as T-Mobile USA.
The topic of connectivity to the 5GC has nothing to do with the NR co-existence and should be a separate topic (which is to our understanding anyway covered already in Rel-15 as “Architecture Option 5”) …

	Qualcomm
	Y
	Should also include connection to 5G core network.

	Intel
	Y
	Assuming this includes connectivity to 5G core network

	Sierra Wireless
	Y
	Should include changes to connect to 5G core network

	Ericsson
	
	Rel-15 NR has established sufficient framework for NR and NB-IoT coexistence. Thus, we do not see any coexistence issue. Regarding Connection to 5G core, we are open to that once the work on 5G core support for CIoT functionalities has been completed.

	OMESH 
	Y 
	Similar reasons as LTE-M, but to future support narrow band IoT applications in NR.

	TM R&D
	Y
	Preparation work is required for NR to support NB-IoT.

	CMCC
	Y
	Connection to 5G core should be studied.



TDD enhancements 
	Company
	Feature should be included or not (Y/N)
	Comments

	Huawei, HiSilicon
	
	In general, TDD is expected to be well supported in Rel-15. Enhancements can be considered in Rel-16, if there are pre-existing FDD features that are essential to add and which are relatively light on fresh standardization effort.

	Reliance Jio
	Y
	

	ZTE
	Y
	For further enhancements for NB-IoT TDD, the features of EDT, WUS, cross-carrier scheduling etc. could be considered in Rel-16.

	LG
	Y
	Still, it is not completely clear which features will be included up to which scope in Rel-15.
At least, 3.11-1 cross-carrier scheduling and 3.5 scheduling enhancement should be included for TDD enhancement.


	III
	Y
	


	SoftBank
	Y
	We want to import useful features defined for FDD as much as possible. The detail can be discussed after the Rel-15 work is finished.

	Samsung
	Y
	Some Rel-14 feature can be introduced for TDD, e.g., SC-PTM.
Some leftover feature can be considered, e.g. cross carrier scheduling. 

	Deutsche Telekom
	N
	No need.

	Qualcomm
	
	Porting FDD features should be prioritized, and based on ecosystem interest.

	Intel
	Y
	

	Sequans
	Y
	FDD features should be ported to TDD when possible

	TM R&D
	Y
	Extending NB-IoT support to TDD band is essential, especially for indoor coverage. Most of FDD features should be inherited by TDD.



Support public warning systems, e.g. ETWS/CMAS
	Company
	Feature should be included or not (Y/N)
	Comments

	Huawei, HiSilicon
	Y, see comments
	We think this could be supported at a technical level, but we would appreciate more explanation of the use cases and standards impacts foreseen.

	Reliance Jio
	Y
	

	ZTE
	Y
	It should be supported as the related use cases exist.

	Telstra
	Y
	

	SoftBank
	
	It is appreciated if ETWS/CMAS can be supported for NB-IoT. However, it is not sure whether NB-IoT can fulfill ETWS/CMAS requirements. This item needs more discussion.

	Deutsche Telekom
	N
	No need.

	Qualcomm
	?
	We would appreciate some more explanation on the use cases. Also, it is unclear if we are targeting the same requirements in terms of latency.

	Intel
	--
	This can be supported if use cases are clarified.

	Sierra Wireless
	N
	These are warnings that typically go to people, not devices – proponents, please elaborate on the use cases and market need.

	Ericsson
	Y
	LTE defines SIB-10, SIB-11, SIB-12 for ETWS/CMAS. We can define similar SIBs in NB-IoT.

	TM R&D
	-
	Any IoT application that really require this for the moment.



Network management tool enhancement
The following options have been proposed:
1. Load control improvement
2. Improve SON/ANR functionalities
3. Improve UE differentiation
	Company
	Option(s) that should be included
	Comments

	Huawei, HiSilicon
	1,2,3
	There are many possibilities for how objectives might be written for #1 and #2. Specifically what should be the target of this work, if included, needs to be further discussed, and we may refine our view on that basis.

	Xiaomi
	--
	We don’t have strong views. But in our opinion, the impact on the devices side should be minimized. For example, no additional report or no additional hardware/ software update is more desirable.

	ZTE
	1, 2, 3 
	We think these options have benefits for system resources utilization. 
For example, only redirection in RRCConnectionRelease is supported for load balancing in current NB-IOT. As NB-IoT UEs are in idle state for longer time, such simple load-balancing scheme may be not enough. Then enhanced load balancing between cells(especially inter- frequency cells) could be considered.
The start point may be to evaluate the legacy mechanisms in LTE.

	Sony
	1
	Agree with Huawei/HiSilicon comments above.

	VEOLIA
	3
	To continue the work done in this direction in R15

	Qualcomm
	1
	This can be achieved with idle mode SPS

	Ericsson
	1, 2
	We like #1 for, e.g., avoiding synchronized access peaks; a simple solution is to distribute UE in time based on UE identity.

	OMESH
	1,2,3
	Network management shall support optimization of resource utilization given UE QoS requirements and constraints.

	Sequans
	
	We have concerns regarding #2. Additional measurements should be avoided

	TM R&D
	1
	Load control improvement is useful for mitigating the spikes of traffics from IoT devices.



Improve multi-carrier operation
The following options have been proposed:
1. Cross-carrier scheduling
2. Improvement to non-anchor carrier idle mode operation
3. Frequency hopping across PRBs
	Company
	Option(s) that should be included
	Comments

	Huawei, HiSilicon
	2?
	What does #2 mean - is this related to Msg3 quality reporting on non-anchor carriers? If so, it is duplicated in 3.12, but we support it.

	T-Mobile USA
	1
	Will allow for more efficient use of spectrum resources.

	Reliance Jio
	1
	Do not understand 2

	Xiaomi
	1
	Can be considered to improve the scheduling flexibility and avoid congestion

	ZTE
	1, 2?
	For option 1, it can reduce blocking in scheduling. So it can be considered.
For option 2, we are not sure about the intension. If it is for better cell selection/re-selection with performing non-anchor carrier measurement in idle mode, we are ok with it.

	LG
	1
	Necessary especially for TDD. (Still, it is not decided yet if this feature will be included in Rel-15 or not)


	III
	1
	Cross-carrier scheduling can improve scheduling flexibility.


	Samsung
	1
	It is very usually for TDD NB-IoT. This should be supported in Rel-15,
It can provide some flexibility for FDD also.

	Qualcomm
	2
	As a general comment, the impact of 1) Is a bit unclear in terms of channel estimation/tracking loops.
For 2, apart from the msg3 quality reporting (can be considered a leftover of TEI-15), we are very interested in improving the power efficiency of non-anchor for paging. We see the following issues:
A.- The UE has to perform measurements in anchor, then move to non-anchor (more ON time compared to anchor operation)
B.- The UE cannot perform NPDCCH/WUS early termination, since it cannot estimate the SNR in the non-anchor carrier.
These two issues make non-anchor operation much less efficient than anchor.

	Intel
	1
	For 1, it can help balance the load among carriers and improve flexibility.
For 2, the scope is not clear.

	Sierra Wireless
	1
	Will allow for more efficient scheduling

	Ericsson
	1, 3
	We add item #3. Frequency hopping would add diversity and thus improve coverage, latency, and energy efficiency.

	CMCC
	2
	Measurement in idle mode on non-anchor carrier should be supported

	Mediatek
	1
	We would be ok with 1



Complete leftover features from earlier releases
The following options have been proposed:
1. SPS
2. Group WUS
3. Msg3 quality reporting for non-anchor access
4. MT EDT
5. Access Barring per CE level
6. Small cell
7. Power consumption reduction in RRC connected mode
8. Measurement enhancement in RRC connected mode
	Company
	Option(s) that should be included
	Comments

	Nokia
	1,2,4,5
	Assuming these are not completed in REL15

	Huawei, HiSilicon
	3
	

	OPPO
	
	For 2, it depends on the progress of Rel-15.

	ZTE
	3, 4, 6, 7
	For option 3, it should be done in Rel-16 if we assume it cannot be completed in Rel-15. 
For option 4, further enhancements for data in Msg4, or even in Msg2 can be considered, e.g., in paging case or in contention-free RA procedure.
Moreover, we suggest adding small cell topic into the leftover list (new-added option 6). This topic has been in the scope of WID but cannot make progress in Rel-15 due to time limitation. We have seen the supports for this feature. In addition, kinds of issues/solutions have been proposed during Rel-15, e.g., imbalance between UL and DL, or interference between small cell and macro cell, which can be further studied in Rel-16. 
Another additional option of “power consumption reduction in RRC connected mode” can also be considered in this section. Then we add the option 7. With this option, e.g., enhanced connected mode DRX, More UE power saving would be expected.

For option 1 and 2, except for SPS for SC-PTM, the evaluation for the gain and complexity are still needed for these options before we can agree to introduce them. SPS for SC-PTM would be done in Rel-16 if we assume it cannot be completed in Rel-15.
For option 5, we assume it would be completed in Rel-15.

	LG
	4
	In REL-15, EDT only supports MO case due to lack of time. It is beneficial to support MT case as well.

	Telstra
	5, 7
	5) provides important flexibility to differentiate coverage between customers


	III
	2,4,5
	Depends on the progress of Rel-15. 


	Samsung
	1,2,[3],4,5
	Still evaluation for 3. 

	VEOLIA
	1, 3, 7
	To be decided/evaluated depending on new features agreed (dependency with 3.1 for example)

	Deutsche Telekom
	5, 6
	This should not be used as a “blank cheque” to put the burden of everything on which companies were not successful until know to put it in ! .. FIRSTLY the problem to be solved should be describes, analysed and a common assessment should be done …

5 and 6 are now aspects which should be discussed.

	Qualcomm
	1,2,3,4,7
	Needs to be revisited upon completion of Rel-15 (although we hope the list does not grow anymore)

	Intel
	1, 2, 4, 5
	

	Sierra Wireless
	1,4, 5
	Assume they are not finished in rel 15. 
1.	SPS – some aspects could be added
2.	Group WUS – not needed
3.	Msg3 quality reporting for non-anchor access – no view
4.	MT EDT – DL in Msg 4 is acceptable
5.	Access Barring per CE level – this could protect the network

	Ericsson
	1, 3, 4, 5, 6, 8
	We added option #8.

	Sequans
	2
	The Benefit of WUS is more evident if applied for a group

	TM R&D
	6
	Small cell should be discussed more in Rel-16. We are also interested to find out more what are benefits of measurement enhancement in RRC connected mode mentioned by Ericsson.

	CMCC
	3
	Msg3 quality reporting for anchor access is under standardization as a Rel14 feature. Considering the importance of non-anchor carrier access in commercial network, it is necessary to finish Msg3 quality reporting for non-anchor access in rel-16

	Mediatek
	1, 4, (3, 8)
	1: SPS could be a preferred way to do multi-TB-scheduling.
3: We are not sure about the particular need for this specific case but we are open to link adaptation enhancements. 
4: MT EDT If anything needed for Data in MSG4 we would be ok to add.
8: Measurement enhancement in RRC connected mode. We are not sure, but we are open to link adaptation enhancements.




SC-PTM enhancement
	Company
	Feature should be included or not (Y/N)
	Comments

	Huawei, HiSilicon
	N?
	It is not clear if this is a more general version of e.g. DCI scheduling multiple TBs, since SC-PTM was the context where that was first proposed. If it includes the possible Rel-15 leftover of SPS SC-PTM, then our response to 3.12 applies.

	ZTE
	Y
	It would be beneficial to further reduce redundant reception on UE and unnecessary power consumption due to repetition without feedback or without differentiation for the first time transmission and the repeated ones.

	Telstra
	Y
	Broadcast capability is necessary to be able to deliver firmware updates at minimum battery life cost

	VEOLIA
	Y
	As it is, SC-PTM is not addressing the need of the industry and cannot be used for use cases very sensitive to power consumption (water metering in particular). So for large deployments with more than 100.000 devices and more, the industry has currently no viable firmware update solution.   
It is therefore necessary to improve drastically SC-PTM to be able to deliver firmware updates at minimum battery life cost.

	Deutsche Telekom
	N
	What issue do we address here ? What is needed in addition to what we have already ?

	Qualcomm
	Y
	Related to DCI scheduling multiple TBs

	Intel
	--
	The scope is not clear.

	Sierra Wireless
	N
	We do not see a market demand to enhance this feature at this time

	Ericsson
	N
	On our side, we haven’t seen any motivation to enhance SC-PTM.

	TM R&D
	-
	We think that this is beneficial if firmware upgrade and update can be done via SC-PTM for the deployed NB-IoT device.

	Mediatek
	N
	We have seen no specific need. 



Positioning enhancement
	Company
	Feature should be included or not (Y/N)
	Comments

	Huawei, HiSilicon
	
	Positioning is an important attribute of cellular IoT services, and UTDOA should have been supported in Rel-14. However, by the time of Rel-16 deployment timeframe, networks will likely have already selected their postioning solutions for the long-term.

	T-Mobile USA
	N
	This feature should be part of any positioning enhancement study item

	Reliance Jio
	N
	Most realistic applications/devices use GPS

	Xiaomi
	Y
	UTDOA can be considered to further improve the positioning accuracy 

	ZTE
	Y
	Positioning is an important feature for IoT. Considering UE’s the low bandwidth and low cost characteristics, the ways for improving positioning accuracy and reducing positioning power consumption are still needed. We agree with Xiaomi that UTDOA should be considered.

	Telstra
	Y
	Agree with Xiaomi, UTDOA should be considered


	III
	Y
	LPP can be further enhanced to reduce power consumption.


	Samsung
	N
	Already support position in rel-14 with clear target

	VEOLIA
	Y
	It is as well a very important topic for our perspective.
We also agree with ZTE & III that we should consider improvements with the perspective of reducing power consumption.

	Deutsche Telekom
	N
	This feature should be part of any positioning enhancement study item

	Qualcomm
	N?
	Unclear what enhancements to consider. UTDOA was already discussed in Rel-14 and decided not to be supported.

	Intel
	--
	It is not clear what kind of enhancements are considered.

	Sierra Wireless
	Y
	Generally supportive but would like to see something more specific in WID. Some optimizations of OTDOA to improve accuracy using longer measurement times (e.g. minutes) would be useful for IoT applications that need only very infrequent location fixes (e.g. once per year - street lighting, metering, parking, remote sensors)

	Ericsson
	N
	We went through the concerns with UTDOA in Rel-14. One concern is scalability: every UEs that need to be positioned has to send an uplink signal; thus, it is quite costly from system resource consumption point of view considering when there are many UEs that need to be served. Another concern is that most eNBs may not have LMU for supporting UTDOA; thus, to enable the UTDOA feature site visit many be required in many locations.

	OMESH
	Y
	If UE and Network relays are considered in the scope of R16 (we strongly recommended), UE positioning enhancement shall be considered by taking advantages of the multiple side-links. We also agree that UTDOA can be considered.

	TM R&D
	N
	We don’t see any NB-IoT device that really utilize the positioning support in previous release so why go for this.

	CMCC
	Y
	Positioning accuracy should be improved



Larger UE bandwidth
	Company
	Feature should be included or not (Y/N)
	Comments

	Huawei, HiSilicon
	Y, but see comment
	We think this refers to our proposal for UEs to be able to access the cell using NB signals/channels, and after access the eNB can use either NB-IoT type scheduling in 1 PRB, or eMTC-type scheduling in up to 6 PRBs. The section title is not very accurate in this case.

	Reliance Jio
	Y
	We see this as extremely important as most realistic NB-IOT devices use device management and other apps that may send/receive more data than anticipated. Multi PRB (at least 2 PRBs) operations should be supported.

	Xiaomi
	N
	At current status, we don’t see strong need to increase the UE bandwidth. Even If data rate is one issue, increasing the UE bandwidth is not cost-efficient way. Some other solution of low cost such as higher order modulation can be considered as the first step. 

	OPPO
	N
	We suggest to make a clear division of the UE category of MTC and NB-IoT UEs. Large bandwidth would undoubtedly increase the UE’s cost. On the other hand, there is no clear use case. Note that for NB-IoT, it is designed to refarm the GSM carrier.  

	ZTE
	N
	Taken into account that NB-oT mainly targets to low cost and low power consumption use cases, larger UE bandwidth will inevitably increase UE cost and power consumption, larger UE bandwidth would not be preferred for NB-IoT.

	Sony
	N
	We are dubious of the benefits of an eMTC UE accessing a cell using NB-IoT signals / channels since we think that the eMTC signals / channels do a good job here.
We see no need to have a larger bandwidth for NB-IoT. If a larger bandwidth system is desired, eMTC can be used, which has the same MCL, similar power consumption for coverage-limited devices, complexity that is “below the noise floor”, other benefits etc. 

	VEOLIA
	
	To clarify the objective/details

	Deutsche Telekom
	N
	How often do we want to repeat this discussion in 3GPP ???

	Qualcomm
	N
	In previous release the notion of moving “down” eMTC or moving “up” NB-IoT was very controversial, prefer not to revisit.

	Sierra Wireless
	N
	Agree with Huawei’s comment. We do not support a proposal which in general increases the bandwidth of the NB-IOT UE but given many operators are deploying both NB-IOT and LTE-M and some UEs support both – some specific optimization for this scenario could be considered. 

	Ericsson
	N
	In RAN#76, a way forward for avoiding overlapping LTE-M and NB-IoT UE categories was endorsed in RP-171467. This item is not consistent with the principle expressed by the RAN#76 agreement.

	Sequans
	N
	NB-IoT UE limitation to 1 PRB should be kept.

	TM R&D
	N
	No need, keep it simple to lower the cost and complexity for UE.

	CMCC
	N
	Do not see the need for larger bandwidth

	Mediatek
	Y?
	We would be ok with larger bandwidth, e.g. 2 x 200kHz, and we think it could be useful in the IoT ecosystem, although we think that e.g. higher order modulation which could reasonably be adopted by all NB-IoT UEs (in the long run) would have higher priority.
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