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Introduction
Briefly introduce background, the scope of this email discussion (e.g. list of treated agenda items) and provide some guidelines for email discussion if necessary.
List of candidate target of email discussion for 1st round and 2nd round 
· 1st round: TBA
· 2nd round: TBA
In this email thread, AI 11.9 Additional enhancements for NB-IoT and LTE-MTC is discussed. The topics are divided into:
1. NB-IoT related
2. LTE-MTC related
Topic #1: NB-IoT
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2108978
	Nokia, Nokia Shanghai Bell
	Make in-band emission mask dependent on EVM limit the same way as in E-UTRA.
[Moderator]: Please comment in the CR section.

	R4-2109386
	Nokia, Nokia Shanghai Bell
	Proposal 1: The current NB-IoT RB power dynamic range for QPSK RB transmission in NB-IoT should apply to 16QAM RB for in-band or guard band operation or NB-IoT operation in NR in-band.
Proposal 2: An EVM limit of 12.5% should be specified for NB-IoT 16QAM transmission.
Proposal 3: To define the new uplink FRC for 16QAM as shown in table 3 above.

	R4-2109948
	Nokia, Nokia Shanghai Bell
	Proposal: Make the NB-IoT IBE mask dependent on EVM limit the same way as in E-UTRA and NR.
Proposal: In NB-IoT UL with 16-QAM, use the EVM limit of 12.5 %.

	R4-2111191
	Ericsson
	Proposal-1: Adding 16QAM support on EVM fo TX signal quality for NB.
Proposal-2: Considering 16QAM is supported starting from 3 tones, existing dynamic range requirement for QPSK and 1 tone is stringent enough.
Observation#1: There should be no coverage impact on legacy NB-IoT device due to the 16QAM introduction.
Observation#2: 16QAM should be consider in BS manufacture needs to declare the guard band support for 5MHz channel.
Proposal-3: Allow the power boosting of 6dB with the in-band and guard band operation for a LTE and NR carrier.

	R4-2111192
	Ericsson
	Proposal-1: 16QAM EVM should be reuse the LTE UE EVM requirement.
Proposal-2: 16QAM EVM should be considered in the IBE requirement.

	R4- 2111295
	Huawei, HiSilicon
	Proposal 1: Define the general in-band emissions requirement for 16QAM as follows. Whether the new requirement is applicable for QPSK is FFS.
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	


	Any non-allocated (NOTE 2)



Proposal 2: Consider the OBW limit as well as the new IBE mask in MPR simulations and re-align simulation results.


	R4- 2111296
	Huawei, HiSilicon
	Proposal 1: No changes to the existing requirements on NB-IoT RB power dynamic range are needed for 16QAM and no new test cases are to be defined.
Proposal 2: The EVM limit for 16QAM is set to 12.5%, and some back-off from the max output power is allowed and is to be declared by the BS vendor.
Proposal 3: It is unnecessary to define new FRCs using multi-tone with 16QAM for BS Rx dynamic range tests.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 BS RF Requirements
Sub-topic description: The impact to BS RF requirements in support of 16QAM are discussed here.
Open issues and candidate options before e-meeting:
Issue 1-1-1: NB-IoT RB power dynamic range
· Proposals
· Option 1: Apply the QPSK requirements for 16QAM
· Option 2: No changes to the existing specifications (neither requirements nor test cases) 
· Recommended WF
· Discuss whether the support of 16QAM would bring more stringent requirements on RB power dynamic range to the existing base stations, including the potential impact to 5MHz guard band deployment
Issue 1-1-2: EVM limit for 16QAM DL
· Proposals
· Option 1: 12.5%
· Option 2: 12.5% and allow max power back off subject to vendor’s declaration
· Recommended WF
· Consider the impact to the existing base stations, and discuss whether power back off should be allowed similar to the treatment of 256QAM for E-UTRA
Issue 1-1-3: 16QAM FRC for BS Rx dynamic range
· Proposals
· Option 1: Define new uplink FRC for 16QAM
· Option 2: New 16QAM FRC is not needed
· Recommended WF
· Clarify the purpose of BS Rx dynamic range tests and discuss whether the existing tests are sufficient.
Sub-topic 1-2 UE RF Requirements
Sub-topic description: The impact to UE RF requirements in support of 16QAM are discussed here. There are two different proposals on the IBE mask. One company proposes to consider the effect of OBW in addition to the agreed simulation assumptions. Companies are encouraged to align the gating factors before aligning the MPR results.
Open issues and candidate options before e-meeting:
Issue 1-2-1: IBE mask
· Proposals
· Option 1: Consider the effect of EVM only (R4-2109948)
· Option 2: Consider the effect of both EVM and target SNR (R4- 2111295)
· Recommended WF
· Discuss whether the target SNR should be included in the IBE mask
Companies views’ collection for 1st round 
Open issues 
One of the two formats, i.e. either example 1 or 2 can be used by moderators.
Issue 1-1-1: NB-IoT RB power dynamic range
· Proposals
· Option 1: Apply the QPSK requirements for 16QAM
· Option 2: No changes to the existing specifications (neither requirements nor test cases) 
· Recommended WF
· Discuss whether the support of 16QAM would bring more stringent requirements on RB power dynamic range to the existing base stations, including the potential impact to 5MHz guard band deployment
	Company
	Comments

	XXXNokia
	Propose option 1.
For option 2, power back-off for 16QAM, if allowed to be declared, needs to be considered so new test case is required in this case.

	Ericsson
	Option 1 is ok.

	Huawei
	For the proponents of option 1, it would be good to clarify if new wording is needed for the spec or new test cases need to be defined.
In our view, the existing wording of the spec does not differentiate DL channels or modulation formats. For in-band and guard band mode, the NB-IoT carrier and LTE/NR carrier are usually processed as one carrier. It’s expected that the support of 16QAM will not bring higher demand on the base station RF hardware. Therefore there’s no need to define new test cases on RB dynamic range using 16QAM.


 
Issue 1-1-2: EVM limit for 16QAM DL
· Proposals
· Option 1: 12.5%
· Option 2: 12.5% and allow max power back off subject to vendor’s declaration
· Recommended WF
· Consider the impact to the existing base stations, and discuss whether power back off should be allowed similar to the treatment of 256QAM for E-UTRA
	Company
	Comments

	XXXNokia
	Propose option 1.
For option 2, we do not see a need for this; if allowed to be declared, the declaration should be applicable when configured for 16QAM transmissions and the other declaration is applicable when not configured for 16QAM transmissions.

	Ericsson
	Option 1 is ok to us.
For option 2, the backoff power would apply in general for NB-Iot carrier and in such case, how the RB dynamic range requirement would be impact? 

	Huawei
	Option 2. And to Nokia, we agree the back off is only applicable for 16QAM not for QPSK. To Ericsson, no back off is allowed for QPSK and the back off for 16QAM is mainly for legacy base station in SA mode. So the RB dynamic range requirement will probably not be affected.


 
Issue 1-1-3: 16QAM FRC for BS Rx dynamic range
· Proposals
· Option 1: Define new uplink FRC for 16QAM
· Option 2: New 16QAM FRC is not needed
· Recommended WF
· Clarify the purpose of BS Rx dynamic range tests and discuss whether the existing tests are sufficient.
	Company
	Comments

	XXXNokia
	Propose option 1.
For option 2, it cannot ensure that BS receiver can meet the performance target with the higher SNR required for 16QAM decoding.

	Ericsson
	Option 2 is ok. 
In BS RX dynamic range test, for 1.4MHz, 3MHz, 5MHz BW, the full RB allocation is used while for higher than 5MHz BW, partial RB allocation is used. This is similar with REFSENS test, this is to reduce the test complexity and provide good test coverage. For NB-IoT dynamic test, the same logic should apply and no need to add more FRC to test the same requirement. It will be difficult to understand the 16QAM full tone is worse the 1 tone QPSK and justify the replacement of the 1 tone FRC.  

	Huawei
	Option 2. If BS Rx dynamic range tests are targeted for higher SNR requirement, why no 64QAM/256QAM RMC is defined?



Issue 1-2-1: IBE mask
· Proposals
· Option 1: Consider the effect of EVM only (R4-2109948)
· Option 2: Consider the effect of both EVM and target SNR (R4- 2111295)
· Recommended WF
· Discuss whether the target SNR should be included in the IBE mask
	Company
	Comments

	XXXNokia
	At least Option 1. We would prefer to study Option 2 further (the first general formula according to the proposal in R4-2111295).
Isn’t the EVM limit in the second general formula used exactly because of different target RX SNRs? The use of EVM limit is simply a trick to avoid specifying another parameter that basically does the same thing. If the IBE mask is changed also for QPSK and pi/2-BPSK, we might need to increase their MPR, which would result in coverage loss. Could also the first general formula (IBE floor) employ the EVM limit to consider the modulation-specific target RX SNR? The second formula would become:
                         20 log10(EVM) – 10 log10(Ntone/LCtone).
Thus, the constant term would be approximately -15 dB for pi/2-BPSK and QPSK (the legacy value), and approximately -18 dB for 16-QAM (as proposed in R4- 2111295).

	Ericsson
	Looking at the first general term in normal LTE UE IBE requirement, there is no EVM scaling and one may wonder why NB-IoT change the first general term in first place? NB-IoT can be in-band or guard band and so for BS receiver, the IBE should be same with other LTE UE. 
We need some point calculation to see if introducing the EVM term in second equation in IBE take effect, suggest investigating further. 
FFS.

	Huawei
	It’s clear that the existing NB-IoT IBE mask is different from that of LTE. And the reasons for the difference are identified in our contrition paper. We share the concerns on the potential impact to BPSK/QPSK and would like to further study it. Note that not changing the first term of the IBE mask might limit the achievable SNR for 16QAM at the BS Rx.

	Qualcomm
	Some change is clearly needed. It can be further studied.



CRs/TPs comments collection
For close-to-finalize WIs and maintenance work, comments collections can be arranged for TPs and CRs. For ongoing WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	R4-2108978
EVM limit in NB-IoT IBE mask
	Huawei: should wait for the outcome of the discussion in issue 1-2-1.Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic #1-1
	On NB-IoT RB power dynamic range and EVM limit for 16QAM, companies’ views are converging. But there’re pending conditions that need to be checked further. On 16QAM FRC for BS Rx dynamic range, one company proposes new 16QAM FRC, but two companies prefer not to define it.
Tentative agreements: 

Candidate options:
Recommendations for 2nd round:
· Continue to discuss whether changes to the specs are needed to define NB-IoT RB power dynamic range for 16QAM, whether new test cases are needed
· Continue to discuss whether max power back off (subject to vendor’s declaration) is allowed for 16QAM
· Continue to discuss whether new 16QAM FRC is needed for BS Rx dynamic range tests

	Sub-topic #1-2
	Both options recommend to include the EVM into the 2nd term in the IBE mask. One company proposes a new variant and one company requests further check. Regarding the change to the first term, concerns on the impact to legacy modulation formats (BPSK/QPSK) are raised. Further study is requested.
Tentative agreements:
  Consider the effect of both EVM and target SNR for IBE mask and FFS 

Candidate options::
Recommendations for 2nd round:
  The issue is closed for 2nd round. Companies are encouraged to perform further study and bring contributions in the next meeting.



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
Issue 1-1-1: NB-IoT RB power dynamic range
· Recommended WF
· Continue to discuss whether changes to the specs are needed to define NB-IoT RB power dynamic range for 16QAM, whether new test cases are needed
	Company
	Comments

	
	

	
	

	
	



Issue 1-1-2: EVM limit for 16QAM DL
· Recommended WF
· Continue to discuss whether max power back off (subject to vendor’s declaration) is allowed for 16QAM
	Company
	Comments

	
	

	
	

	
	



Issue 1-2-1: 16QAM FRC for BS Rx Dynamic Range
· Recommended WF
· Continue to discuss whether new 16QAM FRC is needed for BS Rx dynamic range tests
	Company
	Comments

	
	

	
	

	
	







Summary for 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.
	



Topic #2: LTE-MTC
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2111061
	Nokia, Nokia Shanghai Bell
	Proposal: To follow the NB-IoT method to define the MTC UE power class using the maximum output power for sub-PRB transmissions and define MPR for PUCCH, PRACH, and full-PRB transmissions (interpretation 1).

	R4-2111190
	Ericsson
	Observation#1: If the output power were kept the same for PUSCH sub-PRB but reduced for PRACH, PUCCH and full-PRB PUSCH, there will be an MCL loss for the channels subject to a power reduction which translates into a coverage loss.
Observation#2: If only PUSCH sub-PRB transmissions were boosted, there might not be benefits in terms of coverage since the MCL of full-PRB PUSCH and other physical channels would remain the same.
Observation#3: From a resource utilization perspective, simulation results showed that even if a 3dB power boosting were applied to sub-PRB using ℼ /2-BPSK no gain would be observed with respect to a non-boosted sub-PRB transmission using QPSK.
Proposal-1: RAN4 to investigate the potential gains and any foreseen drawbacks (e.g., on non-sub-PRB allocations) from boosting the power of the subPRB allocation for a certain power class UE.
Observation#4: reducing the full-PRB transmission power generally is against the UE rated power definition.
Proposal-2: Follow the framework of NR pi/2 BPSK power boosting if RAN4 decides that there is an overall gain from the subPRB boosting.
Observation#5: If RAN4 decided for the subPRB power boosting, it will be possible to boost power for 2 out 3 tone subPRB transmission thanks to low PAPR characteristic.
Proposal-3: Focus on PC5 CAT-M1 device for the potential power boosting to PC3 on subPRB transmission.
Proposal-4: RAN4 discuss and agree the workplan for Rel-17 LTE-M.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1 Feasibility study on max power reduction for PRACH, PUCCH, and full-PRB PUSCH
Sub-topic description: The WID objective is discussed here. Two different interpretations have been proposed. Convergence is needed before discussing the detailed work plan for this objective.
Open issues and candidate options before e-meeting:
Issue 2-1: Interpretation of the WID Objective
· Proposals
· Option 1: Define the MTC UE power class using the maximum output power for sub-PRB transmissions and define MPR for PUCCH, PRACH, and full-PRB transmissions
· Option 2: sub-PRB power boosting (higher than the UE power class)
· Recommended WF
· Clarify the real intention of the WID objective by, e.g. checking the reasoning behind the RAN decision
· Discuss potential benefit and cost of both options from technical perspective, considering both the UE side and the network side

Companies views’ collection for 1st round 
Open issues 
Issue 2-1: Interpretation of the WID Objective
· Proposals
· Option 1: Define the MTC UE power class using the maximum output power for sub-PRB transmissions and define MPR for PUCCH, PRACH, and full-PRB transmissions
· Option 2: sub-PRB power boosting (higher than the UE power class)
· Recommended WF
· Clarify the real intention of the WID objective by, e.g. checking the reasoning behind the RAN decision
· Discuss potential benefit and cost of both options from technical perspective, considering both the UE side and the network side
	Company
	Comments

	XXXNokia
	Propose option 1. Related discussions on the WID objective are provided in R4-2111061.
For option 2, how to handle the concern that UE will be transmitting with higher than power class maximum?

	Ericsson
	For option 2, NR UE has negative MPR concept to boost pi/2 BPSK. So similar concept can be reused.
WID asking the feasibility and I suggest that interested companies bring the feasibility study next meeting on both options and RAN4 decide which option is good to go based on companies finding.
WF on this suggestion is good to have in this meeting to progress the RAN4 work. 

	Huawei
	As seen from the RAN discussion record in R4-2111061, “For NB-IOT, the power class is based on single tone output power and then RAN4 has defined MPR when multi-tone is sent. Basically, this objective would be to provide the same functionality for LTE-M.” It seems that option 1 provides a better match. However, if PUCCH/PRACH needs MPR, the cell coverage could be impacted. 
For option 2, NR pi/2 BPSK can be power boosted because of special spectrum shaping technique. As seen from the MPR table for subPRB allocation in 36.101, subPRB (2/3/6 tones) transmission still need MPR. It’s not clear what technique to enable power boosting. 

	Qualcomm
	Option 1 is a better fit. the levels for the other channels do not necessarily have to be lower than any of the current power classes.
Whether it is possible to increase power or not has to be studied first. we also share a similar observation as Huawei that possibility to have a meaningful power boost is not at all clear.




CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	[bookmark: _GoBack]Regarding the interpretation of the WID objective, diverged views persist. Both options are still on the table.
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
    Assign a WF to Ericsson to speed up the progress.




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.

Issue 2-1: WF on max power reduction for PRACH, PUCCH, and full-PRB PUSCH
· Recommended WF
· Discuss the WF by Ericsson
	Company
	Comments

	
	

	
	

	
	



Summary for 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.
	



Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	WF on max power reduction for PRACH, PUCCH, and full-PRB PUSCHWF on …
	EricssonYYY
	

	LS on …
	ZZZ
	To: RAN_X; Cc: RAN_Y

	
	
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2108978R4-210xxxx
	EVM limit in NB-IoT IBE maskCR on …
	Nokia, Nokia Shanghai BellXXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-2109386
	Proposals on BS RF requirements for support of 16QAM in NB-IoT
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2109387
	Proposals on support of power reduction for PRACH, PUCCH, and full-PRB PUSCH in MTC
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2109948
	MPR for NB-IoT 16-QAM
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2111061
	Proposals on support of power reduction for PRACH, PUCCH, and full-PRB PUSCH in MTC
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2111190
	RF impact analysis on Rel-17 eMTC WID
	Ericsson
	Noted
	

	R4-2111191
	BS RF impact analysis on R17 NB_IoT
	Ericsson
	Noted
	

	R4-2111192
	UE RF impact analysis on R17 NB_IoT
	Ericsson
	Noted
	

	R4-2111295
	Discussion on UE RF requirements for 16QAM NB-IoT uplink
	Huawei,HiSilicon
	Noted
	

	R4-2111296
	Discussion on BS RF requirements for 16QAM NB-IoT DL
	Huawei,HiSilicon
	Noted
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-210xxxx
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-210xxxx
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-210xxxx
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents

