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Introduction
For the 1024QAM BS RF core part, two main issues remain to be resolved; firstly, whether 1024QAM is applicable for all BS classes or whether it is applicable for LA and MR but not WA. Secondly the EVM value. Discussions and simulations have been provided for these issues. System simulations provide a background for the BS class and link simulations for the EVM decisions.
Some of the proposals for EVM are linked to the discussion on BS classes. Nonetheless, it is proposed to discuss the two issues in parallel. For the EVM, the performance and implementation implications can be discussed and if needed, EVM considering the scenario with/without WA BS class can be proposed.
The target for the meeting should be to finalize both the applicable class and the EVM.
Topic #1 BS class applicability and EVM
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2113951
	Ericsson, Nokia, Nokia Shanghai Bell, Verizon, KDDI, SoftBank, NTT DOCOMO, AT&T, SK Telecom, T-Mobile USA
	Observation 1: Higher over modulation can be used as opportunistic when channel conditions are favorable.
Observation 2: Deployment scenarios would change from LTE to NR if 1024 QAM does not support same BS classes in both generations.
Observation 3: 5G should not be less maximum throughput compared to 4G when similar technology basis is concerned.
Proposal: Selection Option 1 in [1].  Define 1024QAM RF requirements for all BS classes


	R4-2111976
	CATT
	Simulation results
Observation 1: The crossover SNR for rank 1 with 3% TX EVM and 2.5 TX EVM in TDL-A is 31.35dB and 28.54dB respectively.
Observation 2: The throughput gain of 1024QAM compared to 256QAM for rank 1 with 3% TX EVM and 2.5% TX EVM in TDL-A is 16.8% and 22.6% respectively.
Observation 3: The 2.5% TX EVM compared to 3% TX EVM can achieve 3dB SNR gain and 6% throughput gain.
Proposal 1: To define BS TX EVM requirement for 1024QAM as 2.5~3%.


	R4-2113047
	Huawei
	Observation: from link level simulation, 3% TX EVM can provide observed gain for 1024 QAM compared to 256 QAM.

	R4-2113487
	Nokia
	Observation 1: Simulation results for 1024QAM show higher throughput compared to 256QAM for higher, but still reasonable SNR conditions and reasonable EVM requirements.
Observation 2: Simulation results for 1024QAM show that 3% Tx EVM reduces performance in many simulation cases, in some even below 256QAM.

	R4-2113952
	Ericsson
	Observation: Analysis shows that at least 20% of users can benefit from 1024 QAM even in WA BS class.
Proposal 1: Wide Area BS should not be excluded from introduction of DL 1024 QAM in NR FR1.

	R4-2111977
	CATT
	Proposal 1: EVM requirement should be determined based on link level simulation and implementation for NR.
Proposal 2: Option 2: 1024QAM applicable to MR BS and LA BS, but not applicable for WA BS class is preferred unless a performance gain for 1024-QAM in WA deployment scenario is observed.

	R4-2113048
	Huawei, CMCC
	In this contribution, we provide consideration on the support of 1024-QAM. We propose to further discuss the following 3 options.
Option 1: 1024QAM applicable to MR BS and LA BS, but not applicable for WA BS class.
Option 2: 1024QAM is applicable for all BS classes but the EVM requirements is not defined for Macro BS.
Option 3: 1024QAM is applicable for all BS classes and 3 % TX EVM is proposed for DL 1024 QAM

	R4-2113488
	Nokia
	Proposal 1: It is proposed to agree option 1 i.e. to apply 1024QAM to all BS classes.
Proposal 2: It is proposed use 2.5% as Tx EVM requirement for 1024QAM

	R4-2114184
	Intel
	Observation 1: From link level results we can conclude:
TDL-A channel
· MIMO rank 1: sufficient performance improvement is observed for SNR > 26-29 dB depending on EVM conditions.
· MIMO rank 2: 
· for Rx EVM = 3% there is no performance improvement for SNR < 35dB
· for Rx EVM < 3% small performance improvement can be observed for SNR > 31-35dB depending on EVM conditions. 
TDL-D channel
· MIMO rank 1: sufficient performance improvement is observed for SNR > 25 dB
· MIMO rank 2: sufficient performance improvement is observed for SNR > 30-34 dB depending on EVM conditions
Observations 2: From analysis of required Tx EVM value to achieve benefits of 1024QAM we can conclude that the 1024QAM performance in case of Tx EVM 2.5% is slightly better than in case of Tx EVM 3% for rank 1 and sufficiently better for rank 2.
Proposal 1: Define Tx EVM requirements equal to 2.5% 
Observations #3: From analysis on testability of DL 1024QAM we can conclude:
· SNR operating point is rather sensitive to Tx/Rx EVM value
· DL 1024QAM can not be tested for rank 2 + MCS 26. For rank 2 + MCS 25 and rank 1 + MCS 26 the 70% of max T-put is achievable only under conditions of low Tx and Rx EVM


	R4-2114214
	ZTE
	Proposal 1: to start with scenarios (LA, MR) where no coverage issue or power back off is not needed to support 1024QAM firstly. 
Proposal 2: propose the EVM requirement for NR 1024QAM as 2.5%.

	R4-211978
	CATT
	Proposal 1: EVM test requirement for 1024QAM should equal to the EVM requirement for 1024QAM in TS 38.104 + 1%.
Proposal 2: To define the following test model for 1024 QAM
· NR-FR1-TM2b with single 1024QAM PRB allocation
· NR-FR1-TM3.1b with all 1024QAM PRBs allocation.
Proposal 3: To support up to three rated output power declaration for 1024QAM capable BS.

Moderator note: These issues should be decided in the conformance phase. Companies are welcome to take the proposals into account and provide feedback, but it is proposed to not make any decision on conformance issues this meeting.



Open issues summary
Sub-topic 1-1: Whether 1024QAM requirement should be applied for WA BS class
Sub-topic description: The aim of this sub-topic is to collect comments on the system results regarding gain in wide area scenarios and make a decision on the applicable class.
Open issues and candidate options before e-meeting:
Issue 1-1: Gain for wide area scenario
Under this issue, the observations on the gains of 1024QAM for WA class should be discussed.
· Observations
· Observation 1: No gain (Huawei)
· Observation 2: Gain for at least 20% of users (Ericsson)
· Recommended WF
· Please comment on your views on the results, considering the simulation parameters, methodology and results themselves.

Issue 1-2: Whether to exclude WA scenario
This issue aims to decide on whether to include the WA scenario. Considerations raised by companies include the gains, comparison to LTE (for which 1024QAM is applicable) and technical challenges that exist for NR but not LTE (e.g. bandwidths, spectrum utilization etc.). Feedback on the issues highlighted by companies in their contributions is welcome.
· Proposals
· Option 1: Exclude WA scenario (Huawei, CMCC, ZTE, CATT if no gain)
· Option 2: Include WA scenario, but no EVM requirement for WA (Huawei, CMCC, CATT)
· Option 3: Include WA scenario, with EVM requirement 3% (for all classes) (Huawei, CMCC, ZTE [2.8]%)
· Option 4: Include WA scenario (Ericsson, Nokia, Verizon, KDDI, SoftBank, NTT DOCOMO, AT&T, SK Telecom, T-Mobile USA, Qualcomm, Intel)
· Recommended WF
· Please discuss, comment and motivate a preferred conclusion

GTW outcome during 1st round
Following GTW discussion during the 1st round, the following agreement was reached:
Agreement: 
Include WA scenario for DL 1024QAM:
· The supporting DL 1024QAM is BS declaration basis

Sub-topic 1-2 EVM requirement for 1024QAM
This sub-topic aims to conclude on the EVM requirement for 1024QAM. Link level simulations have been provided and companies are requested to review and comment on these as part of the discussion.
1.2.2.1 Open issues and candidate options before e-meeting:
Issue 1-3: EVM requirement
· Proposals
· Option 1: 3% (Huawei, CMCC)
· Option 2: Not defined for WA class, TBC for MR, LA class (Huawei, CMCC)
· Option 3: 2.5% (Nokia, Intel, ZTE, Ericsson, Qualcomm, AT&T, Verizon)
· Option 4: 2.5~3%  (CATT, ZTE)
· Recommended WF
· Please discuss and motivate a conclusion for the EVM requirement. Refer to link simulation results (including comments to other companies link simulation results) as needed. It is recognized that the EVM discussion is linked to the BS class discussion, so if you prefer propose values for the two cases of (i) 1024 QAM applicable for all classes or (ii) 1024QAM not applicable for WA class.

Open issues and candidate options following GTW discussion in 1st round:
Following GTW discussions during the 1st round, issue 1-3 is revised to issue 1-4 as follows (editing of text from the GTW discussion by the moderator is highlighted in yellow):
Issue 1-4: EVM requirement after GTW discussion
Further discuss below candidate options for EVM requirements:
· Option 1: 2.5% (Nokia, Intel, ZTE, Ericsson, AT&T , Qualcomm, T-Mbolie USA, Verizon), ZTE OK for LA and MA classes
· Option 2: A single value in the range 2.5~3%,  i.e. 2.8% (CATT, Huawei), ZTE support for WA class
· Option 3: EVM as declaration basis for supporting DL 1024QAM for WA BS class within 2.5%~3% (Huawei comprised option)

Companies views’ collection for 1st round 
Open issues 
Sub topic 1-1 
	Company
	Comments

	Huawei
	Option 1. 
We need to look at the MCS of user CDF from the system simulation. Using pre-SNR CDF to analysis the percentage MCS of users with link simulation results is not a real system simulation. In our system results in R4-2110664, for the case Marco (100% outdoor) RU~25%, it has similar pre-SNR CDF, but only less than 5% user can use 1024QAM MCS.

Figure 2-3 MCS CDF for Marco Urban(100% outdoor) RU~25%


	Nokia
	[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Gain for at least 20% of users is quite significant and should be taken into account.

	Ericsson
	As described in Section 2.3 of R4-2113952 we examine the percentage of users which the highest modulation is used (either 256 QAM or 1024 QAM).  The analysis is determined by combing the results from link simulation together with system simulations to give the overall picture.  In this way we are able to see both the percentage of users but also the required EVM needed for the users to maintain the MCS.
Table 1: Percentage most optimal MCS of users
	[bookmark: _Hlk74575822]CDF [%]
	DL SINR
	1 Tx, Rank 1
	2 Tx, Rank 1

	60
	20
	256 QAM (MCS24, EVM 2.5%)
	256 QAM (MCS24, EVM 2.5%)

	40
	25
	256 QAM (MCS23, EVM 2.5%)
1024 QAM (MCS23, EVM 2%)
	1024 QAM (MCS23, EVM 2.5%)

	20
	30
	1024 QAM (MCS25, EVM 2%)
1024 QAM (MCS24, EVM 2.5%)
	1024 QAM (MCS25, EVM 2.5%)

	10
	35
	1024 QAM (MCS25, EVM 2.5%)
1024 QAM (MCS24, EVM 2%)
	1024 QAM (MCS26, EVM 2%)

	5
	40
	1024 QAM (MCS26, EVM 2%)
	1024 QAM (MCS26, EVM 2.5%)



It would be good to understand why the two observations differ.  Examining the link level results, it is not entirely obvious to us why the 20% of users who have an SNR > 30dB would not use 1024QAM, since link level results show gains for 1024QAM at >30dB.  

	AT&T
	We think that a gain of 20% needs to be taken into account. The gain justifies the inclusion of WA with EVM 2.5%.

	Verizon
	We support gain for at least 20%! This should be taken into account.


 
Sub topic 1-2
	Company
	Comments

	ZTE
	For WA BS in filed in past,  we don’t have power backoff usually, if to support the 1024QAM with 2.5% EVM in filed already,  it might be a bit challenging without any power off and in other words, the existing coverage might be impacted if to support 1024QAM with 2.5% EVM requirement. Based on our lab testing of MSR BS with NR (100MHz, 220W) and LTE RAT(20MHz, 20W), it is not easy to meet the 2.5% EVM requirement for 1024QAM (it’s between 2.5% and 3%), however for MSR BS with NR (100MHz, 210W) and LTE RAT(3*10MHz, 30W), then EVM performance for NR side could satisfy the 2.5% EVM requirement for 1024QAM.
What could we observe from the above data, is power backoff for NR and bandwidth reduction to ensure 2.5% EVM requirements;  This kind of information should be conveyed to the operators. 
In short, 
for WA BS, if some certain of EVM requirement could be relaxed between 2.5-3% [2.8%], then this might make it possible even without power backoff  in field which also ensure the existing coverage.
We think this might be the best evolution path for NR WA BS to support 1024QAM without impacting the existing coverage. 

	Qualcomm 
	We support option 4. Having 1024 defined for LTE WA BS and not for NR WA BS will lead to inconsistency regarding technology deployments. Based on the provided simulation results, an observed gain can be achieved for 1024QAM compared to 256QAM. Probably power backoff in WA BS will be required to achieve network wide capacity. 

	Huawei
	Our preference is option 1 to consider there is no system gain but high cost will be needed for implement 1024 QAM. As a compromise we can accept option 2 and 3 to consider the link level simulation results and implementation aspects (Wide bandwidth, High spectral utilization, CFR, I/Q compression, etc), and also the consideration of operators’ concern.

	CATT
	We can accept 2.5% for MR and LA BS.
For WA, a compromise could be Option 1 or Option 2. 

	Nokia
	We support Option 4. Already now in NR specification 256QAM is possible to be used with power back off declaration, also similarly to LTE for 1024QAM power back off should be introduced. Power declaration is always possible and is not mandatory. WA BS class should not be excluded for 1024QAM. 

	Ericsson
	Our understanding is that power back off has already been agreed.  The recommended WF should capture agreement so we do not have a need to revisit this again.  As we have power back off available for other higher modulations (i.e. 256 QAM) it would also make sense to include it for 1024 QAM.
It has been raised that the wider bandwidth and higher spectrum utilization in NR FR1 compared to LTE may have impact to EVM level, does any simulation results support such finding?  We currently have multicarrier testing for EVM in LTE so the larger bandwidth would not provide any impact.

	AT&T
	We support Option 4. 1024QAM BS classes for NR should not exclude 1024QAM BS classes that were defined for LTE. Decisions concerning implementation and power back off are left to manufacturers based on operator needs.

	Intel
	Support Option 4. We don’t see the reasons to preclude any BS class by spec.

	Verizon
	We support Option 4!



Sub topic 1-3
	Company
	Comments

	ZTE
	We support 2.5% EVM requirements for MR and LA BS;
For WA BS, we support [2.5-3]% EVM for WA BS; 

	Qualcomm
	We support option 3. 

	Huawei
	Option 1, and we propose to discuss the applicable class and the EVM as a package as we proposed in Issue 1-2.

	CATT
	Option 4. 

	Nokia
	We support option 3 i.e. 2.5% for EVM for all WA/MR/LA BS classes, similarly to LTE.  Simulation results presented in R4-2113487 for 1024QAM show that 3% Tx EVM reduces performance in many simulation cases.

	Ericsson
	Option 3.  If EVM is considered to be 3%, that would limit SNR to approx. 30 dB, causing a restriction on MCS and thereby limiting throughput rates.  This would mean a degradation in performance compared to LTE.

	AT&T
	We support Option 3 for all BS classes similar to LTE. The Ericsson simulations demonstrate that 2.5% EVM is needed for the users to maintain the MCS. Furthermore, 

	Intel
	We support Option 3. 
At the same time, we are not confident that 2.5% EVM can be achieved. The paper from Huawei and CMCC has some EVM budget analysis which shows that achievable EVM is ~ 3%. We encourage BS vendors to bring more budget analysis from the RF components perspective.

	Verizon
	We support option 3.


 
Sub topic 1-4
	Company
	Comments

	SoftBank
	We support Option 1. Considering current technology level of opposing parties, it is just a matter of time for them to support 2.5%.

	KDDI
	We support Option 1. 

	Verizon
	We support Option 1! And, we have added our name above as a supporting company.

	Docomo
	We support Option 1.

	Huawei
	We disagree option 1 which may force an unnecessary power back-off. 
We support option 2. 2.8% EVM is a good compromise from the simulations results of companies. 
For option 3, we prefer not to set the range, at leas we should not set the lower limit. The option can be changed to,
·  Option 3: EVM as declaration basis for supporting DL 1024QAM for WA BS class with<=3% 


	CMCC
	We support option2 and option3

	
	

	
	

	
	



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

	R4-2113049
	CR for TS 38.104: 1024QAM, Huawei

	
	Moderator: Issues 1-1, 1-2 and 1-3 need to be solved to approve the CR. Companies are welcome to provide feedback here, but the CR will only be proposed to be approved if all of the open issues are resolved. Feedback to the CR is nonetheless useful since if the open issues are resolved, the CR could be approved this meeting.

	
	ZTE: it’s better to postpone the discussion for CR until we have clear agreement;
Qualcomm: Agree with ZTE’s view. 
Nokia: Agree to focus first on requirements, and later discuss CR.



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
	Agreements:
The following agreement was made during GTW:
Include WA scenario for DL 1024QAM:
· The supporting DL 1024QAM is BS declaration basis

Candidate options:
EVM for 1024QAM was discussed but not as yet resolved. Taking into account comments, the options are revised as follows:
· Option 1: 2.5% (Nokia, Intel, Ericsson, AT&T , Qualcomm, T-Mobile USA, Verizon, Softbank, KDDI, NTT DoCoMo), ZTE OK for LA and MA classes
· Option 2:  2.8% (CATT, Huawei, CMCC), ZTE support for WA class
· Option 3: EVM as declaration basis for supporting DL 1024QAM for WA BS class with<=3% (Huawei comprised option, CMCC)

Recommendations for 2nd round:
Discuss and resolve the EVM issue based on the following options:
· Option 1: 2.5% (Nokia, Intel, Ericsson, AT&T , Qualcomm, T-Mobile USA, Verizon, SoftBank, KDDI, NTT DoCoMo), ZTE OK for LA and MA classes
· Option 2:  2.8% (CATT, Huawei, CMCC), ZTE support for WA class
· Option 3: EVM as declaration basis for supporting DL 1024QAM for WA BS class with<=3% (Huawei compromised option, CMCC)






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  

	R4-2113049
	Revise R4-2113049. If agreement is reached on the EVM, the CR should be revised and then the BS and UE CRs can be agreed, thus completing the core part.



Discussion on 2nd round (if applicable)
Discuss and resolve the EVM issue based on the following options:
· Option 1: 2.5% (Nokia, Intel, Ericsson, AT&T, Qualcomm, T-Mobile USA, Verizon, SoftBank, KDDI, NTT DoCoMo), ZTE OK for LA and MA classes
· Option 2:  2.8% (CATT, Huawei, CMCC), ZTE support for WA class
· Option 3: EVM as declaration basis for supporting DL 1024QAM for WA BS class with<=3% (Huawei compromised option, CMCC)

	Company
	Comments

	ZTE
	As we commented online last week, power backoff for the installed WA BS is not welcome in practice since the cell coverage and other user performance might be impacted due to power backoff to support 1024QAM, therefore we prefer to have slightly relaxed requirement for WA BS to ensure the minimum impacts on practical network, therefore we think the following proposals might be good compromise solution, otherwise as some unknown netwok impact would be expected in the field.
WA BS: 2.8%
LA and MR BS: 2.5% 

	CATT
	Option 2. From the simulation results, Option 2 is enough to ensure performance gain for 1024QAM. 

	AT&T
	Option 1. The NR 1024QAM EVM performance level should not be less than LTE.



The following agreement was made in GTW:
RAN4 will make decision on Nov 2021 RAN4 meeting with following options:
· Option 1: 2.5% for all classes 
· Option 2: 2.5% for LA and MR classes; 2.8% for WA class
· Option 3: 2.8% for all BS classes

Topic #2: UE related documents
This topic handles the remaining UE issue and CR
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2111979
	CATT
	Proposal 1: The MCS index 23 in 1024QAM mcs table can be adopted for RMCs for maximum input level for 1024QAM.




Open issues summary
Issue 2-1: RMC MCS level for UE requirement
It is proposed to adopt MCS23 for the 1024QAM MCS table for the maximum input level requirement. If resolved, the CR could be completed, however companies may prefer to discuss further in the performance phase.
· Proposals
· Option 1: Adopt MCS 23 (CATT)
· Option 2: Discuss further during performance phase (ZTE, Qualcomm, Huawei, Ericsson, AT&T)
· Recommended WF

Companies views’ collection for 1st round 
Open issues 
Issue 2-1: RMC MCS level for UE requirement
	Company
	Comments

	ZTE
	Prefer option 2

	Qualcomm
	Support option 2. 

	Huawei
	Option 2

	CATT
	We proposed option 1 and analysized why MCS23 is feasible. Although option 2 is comply with the WF in last meeting, but it seems necessary to solve the RMC in core part since it is related to the requirement.

	Ericsson
	Option 2.  

	AT&T
	Option 2.


 
 
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

	R4-2113050
	Draft CR for TS 38.101-1: Introduction of maximum input level for 1024QAM for NR FR1  (Huawei)

	
	ZTE: prefer to discuss together with RMC for maximum input level of 1024QAM.

	
	



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
	Tentative agreements:
Discussion on the MCS for the UE requirement is postponed until the conformance phase, which will begin in the November meeting.

Recommendations for 2nd round:
No need for further discussion on topic 2. If the BS EVM is agreed, then the BS and UE CRs can be agreed to complete the core part. The FFS in the UE CR will be resolved during the performance part.




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  

	R4-2113050
	No action after 1st round. Check if the CR can be agreed after the 2nd round



Discussion on 2nd round (if applicable)
No further discussion

Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	WF on 1024QAM requirements
	Moderator (Ericsson)
	This WF will be produced in case there are any open issues

	
	
	

	
	
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2113049
	CR for TS 38.104: 1024QAM, 
	Huawei
	Revise
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



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

	R4-2113049
	CR for TS 38.104: 1024QAM, 
	Huawei
	Postpone
	Should be postponed as it is a real CR with CR number.
Approve all core CRs once core part completed

	R4-2113050
	Draft CR for TS 38.101-1
	Huawei
	Postpone
	Should be postponed as it is a real CR with CR number (despite title)
Approve all core CRs once core part completed

	R4-2115639
	Draft CR for TS 38.101-1
	Huawei
	Withdraw
	

	R4-2115638
	WF on 1024QAM requirements
	Ericsson
	Approve
	



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
Annex 
Contact information
	Company
	Name
	Email address

	Qualcomm
	Mustafa Emara
	memara@qti.qualcomm.com

	Huawei
	Liehai Liu
	liuliehai@huawei.com

	Nokia 
	Bartlomiej Golebiowski
	artlomiej.golebiowski@nokia.com

	Ericsson
	Esther Sienkiewicz
	esther.sienkiewicz@ericsson.com

	AT&T
	Ron Borsato
	ronald.borsato@att.com

	Intel
	Ilya Bolotin
	ilya.bolotin@intel.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
