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1	Introduction
This email discussion summary covers the documents listed in Table 1 below.

	Tdoc number
	Title

	RWS-210024
	On Machine Learning over the NR Air Interface

	RWS-210025
	5G Green Networks

	RWS-210026
	On NR Full Duplex - Perspectives for Release 18

	RWS-210027
	On New Waveform Studies for Rel-18 & beyond

	RWS-210028
	On Coding Evolution for Rel-18 & beyond

	RWS-210029
	New Device Requirements for Rel-18 (RAN4-led topics)



Table 1: List of documents covered by this email summary

2	Comments on the contributions

2.1	Comments on RWS-210024, "On Machine Learning over the NR Air Interface"

2.1.1	Round 1 Comments on RWS-210024, "On Machine Learning over the NR Air Interface"
Comments from June 14 to June 17

vivo Mobile Communication Co.,
# 1
Thanks for your effort on this. We share similar views that AI/ML is one of the most important directions for NR 5.5G evolution.
Several detailed questions.
Q1: Can you clarify what is non-data-driven approaches in the following statement?
“joint ML operation between UEs and network can improve performance over non-data-driven approaches”
Q2: for the CSI evaluation results in Slide4, can you clarify what is the relationship between the three blue curves? Similarly we would also like to understand the relationship between the three red curves.
Q3: for the potential area on “interference management”, what is expected for the application of AI/ML?
Q4: for procedure part, notice the following mentioned terminology: “model provisioning, configuration, and inference”. Can you clarify what is the difference between model provisioning and configuration?
Q5: for the positioning evaluation results in Slide5, can you elaborate more on why MP performs better than NN in strong LOS path but performs worse in other two cases? 
CAICT
# 2
Thanks for the contributions and we have a small question for clarification. In page3, sensor fusion for wireless is proposed and could you please provide some further explanation?
ZTE Corporation
# 3
On P4: Could you please clarify the time granularity for “temporal compression”? Is it delay tap-level or OFDM symbol/slot-level?
LG Electronics France
# 4
Q1) In slide 3 on framework, can we understand that the output of current RAN3 SI is a baseline based on your text “Standardized data storage and access, registration, discovery, request and subscription [Covered by ongoing RAN3 AI/ML]”?
Q2) In slide3, is it correct understanding that ‘device AI/ML’ is meant to refer to AI/ML task (partially) performed by UE?
Q3) what do you consider as for RAN2 functions/procedures to apply AI/ML?
Sony Corporation
# 5
Thanks for the contribution. We have some questions.
· Joint ML operation between UEs and network
· Does this mean that network handle trained AI model (ex. CSI encoder/decoder) and provide the model to UEs?
· ML-based advanced positioning
· Do you assume that the algorithm for ML-based advanced positioning is handled in the same way as the ML-algorithm for CSI?
· Federated learning
· It involves multiple rounds of uploading and downloading of ML model parameters with user scheduling. Does it mean RAN2 impact?
LG Electronics Inc.
# 6
Thanks for the contribution. One more question for clarification:
In slide 3, could you explain the meaning of ‘Sensor fusion for wireless’?
MediaTek Inc.
# 7
Thanks for the contribution. Some questions for clarification:
1) What type of joint ML between the UE and the network envisioned? Will both the training and inference be joint? Or how will the training and inference work?
2) Does Qualcomm have any priority among the use cases mentioned?
3) Any views on further details of standardized ML framework over 5G air interface?
Nokia Corporation
# 8
Thank you for the contribution. Do you have assumptions/expectations on the complexity of the interfaces which allows for joint ML operation between UEs and network? Would you have any preferences how to organize the work between air interface focused studies and NG-RAN related work?
Lenovo (Beijing) Ltd
# 9
Thanks for your contributions. In slide 3, can we understand that ‘device AI/ML’ represents AI/ML tasks are only performed by UE? If the answer is yes, considering Federated Learning is a collaborative machine learning paradigm involving multiple UEs and Network, what do you consider as for corresponding procedures for Network-side AI/ML and the interactions between UE and Network？
Samsung Electronics Polska
# 10
Regarding ML-based CSI, we also think CSI can be one of the candidates for AI/ML in PHY. In the slide, we have some questions for clarifiation, 
Q1: what is the meaning of temporal compression? e.g., which information (domain) will be compressed? 
Q2: We found many curves in the evaluation graph but what is difference between 4 difference lables in red or blue curve?
Q3: we think that AI performance of link prediction and CSF can be changed according to the number and location of reference signal. Is there any opinion how to locate the reference signal to improve AI-based channel estimation? 
Q4: as it is mentioned at slide, complexity is important factor in AI. How to measure complexity and feasilbilty of AI model? Is it measured using FLOPs or inference time in reference chip? (e.g., snapdragon)
Q5: How to understand figures in page 5. What is the curve with label 'MP'. Is NN-based solution not good at positioning with LoS path?
HUAWEI TECHNOLOGIES Co. Ltd.
# 11
Thank you very much for the contribution. We have some questions for clarification as below:
Q1. Do you consider the study of input/output for model training and model inference as part of the evaluation methodology? In our understanding, it is also a key part for the potential study since it will have impact on the potential evaluation for a certain use case as discussed in RWS-210448. 
Q2. Can you explain more on " standardized framework" ? In addition, we think procedure-related items does not necessarily to be considered for now, i.e. the signalling/measurement procedure, since it sounds more like the issues to address in a work item phase. For the potential study of AI, more efforts on the evaluation methodology, training input/output etc needs to be discussed first before jumping into spec impact assumption.
NEC Corporation
# 12
NEC supports having SI on AI/ML for radio interface.

2.1.2	Round 2 Comments on RWS-210024, "On Machine Learning over the NR Air Interface"
Comments from June 21 to June 23
Nobody reacted on this discussion

2.2	Comments on RWS-210025, "5G Green Networks"

2.2.1	Round 1 Comments on RWS-210025, "5G Green Networks"
Comments from June 14 to June 17

MediaTek Inc.
# 1
Thanks for the quality contribution discussing the optimization of system energy efficiency toward 5G green network. We think both network nodes and UEs are part of 5G system, and a green 5G network means both side can jointly achieve the best energy efficiency. Below please find our comments/questions:
· General comment/question:
· The system energy efficiency enhancements should ensure minimum impact to legacy UEs (R15/R16/R17), in aspects of coverage, mobility, average packet latency and UE power consumption, so as to avoid loss of user satisfaction and subscription. 
· Conditioned on the minimum impact, both network and UE should also benefit from effective power saving. This goal is challenging and requires a system-wise evaluation methodology to take both network nodes and UEs into consideration.
· Specific comments/questions:
· On Proposal 1, antenna power characteristics is critical for gNB/TRP energy efficiency and highly depends on the implementation. gNB/TRP PA characteristics is different from that of UE. TR38.840 currently considers simple UE UL power model depending on only TX power level. What will be the expected extension for a unified TX power model that can balance accuracy and system simulation efficiency? 
· On Proposal 2, given NR signals are already specified, is the expected study outcome to assist gNB/TRP training for pre-compensation or PAPR reduction?
· On Proposal 3, we also think dynamic TX ON/OFF switching optimization is critical, and both network nodes and UEs should be considered. Specific starting points can be enabling dynamic power saving adaptation for multi-TRP and multi-panel operations and investigating feasibility and benefit gNB/TRP/beam dormancy operations.
Intel Technology India Pvt Ltd
# 2
For "Fixed or dynamic out-of-band emissions control methods": Further details are encouraged on the rationale and use case of dynamic OOBE control.
CATT
# 3
Thanks for the green network contributions. Our understanding is the PA predistortion compensation would give higher Tx power. We would like to clarify how the predistortion compensation of PA non-linearity provides the network energy consumption reduction. Our understanding of out-of-band emission control requires additional RF filtering processing and additional network energy consumptions. Can you clarify the benefit of dynamic out-of-band emission control in network energy saving? 
KT Corp.
# 4
We share the same motivation of having this feature supported from Rel-18. Any expectations or targets on how much the power consumption can be improved with power-efficient Tx/Rx processing? 
China Telecomunication Corp.
# 5
Thanks a lot for the good contribution for 5G green networks to save network power consumption.
We support having a dedicate SI for comprehensive study of NR network energy saving in R18. And we are also interested in the listed objectives. Regarding the 'Proper network densification through deployment of different types of network nodes', could Qualcomm make some further explaination?
HUAWEI TECHNOLOGIES Co. Ltd.
# 6
Thanks for the contribution. Some questions for clarifications as below:
Q1. How to calculate “Joule per bit” considering different traffic models, e.g. burst buffer traffic and full buffer traffic?
Q2. For efficient configuration of periodic/broadcast signals (SSB/SI/paging), we agree it is a good direction to go. However, as to longer periodicities, it is expected it will result in larger access delay, do you consider some other way to achieve both power saving and also avoid increasing access delay, e.g. on-demand SSB triggered by UE?
Q3. For adaptive TX/RX configuration and related coordination mechanisms, can you give some example on the coordination mechanism? In our understanding, some CSI enhancements to reflect the adaptive TX/RX configuration can be considered. What do you think？
Sony Europe B.V.
# 7
Is the proposal for a RAN4 study, or are there also impacts on other working groups?
Are there any impacts on the waveform? 
We have seen proposals in NTN for a more power efficient waveform (e.g. RWS-210421). We wonder whether some of your proposals would also find application in NTN.

2.2.2	Round 2 Comments on RWS-210025, "5G Green Networks"
Comments from June 21 to June 23

HUAWEI TECHNOLOGIES Co. Ltd.
# 1
Thank you very much for your answers for the first round. Please find some follow-up comments as below:
Response to A1: The typical use case for network energy saving is burst buffer traffic, therefore it seems not sufficient to only consider the overall number of bits. In our understanding, we can consider to use some other metric like user perceived throughput instead. 
Response to A2: Yes we think on-demand network transmission should be promising direction to consider for network energy saving. 
Response to A3: Yes we think some CSI enhancements to reflect the adaptive TX/RX configuration can enable more accurate channel adaptation, thus seems a good direction to study.


2.3	Comments on RWS-210026, "On NR Full Duplex - Perspectives for Release 18"

2.3.1	Round 1 Comments on RWS-210026, "On NR Full Duplex - Perspectives for Release 18"
Comments from June 14 to June 17

CATT
# 1
Thanks for the contribution and we have following questions for clarification:
Q1: Regarding the evaluation, what is the number Tx RF chains and Rx RF chains? How is the digital mitigation modeled in the simulation?
Q2: How is the inter-cell cross-link interference modeled in the simulation?
Q3: What is the specification change needed to support SBFD?
MediaTek Inc.
# 2
Q1: Do you propose study item only or both study and work items in Rel-18 timeline?
Q2: What is the rationale for proposing including FD UE in the scope? gNB-only support seems challenging enough for R18.
Q3: What is the impact of gNB FD support onto NR legacy UEs from R15/16/17 due to UE-UE CLI? How can these terminals be protected from UE-UE CLI? Legacy UEs cannot implement any CLI mitigation techniques or CLI-related measurements.
Q4: What is the impact on legacy gNB because of gNB-gNB CLI?
Q5: Is there any expected RF specification tightening for future R18 Half Duplex UEs (ACLR, ACS, in-band blocking, etc) to operate with a SFFD or SBFD-capable gNB?
Q6: Is there a significant power consumption impact onto FD-capable gNBs?
Q7: Is there any significant difference between FR1 and FR2 to minimise UE-UE CLI and gNB-gNB CLI.
Q8: A huge amount of effort will be needed in RAN4, which is already overloaded. Do you believe the RAN4 effort be prioritised on FR2 over FR1?
Q9: On the SLS evaluation, what's the service or use case considered for the traffic model assumed in the SLS?
Guangdong OPPO Mobile Telecom.
# 3
thanks for interesting paper. we are in general open to study full duplex in Rel18. Here are few question and comments:
Q1: How to differentiate beam isolation and spatial isolation? Beam isolation (2B) seems to be included in Spatial isolation (1). 
Comments:
C1: would like to prioritize access link to backhaul link
C2: would like to prioritize SBFD to SFFD case, but would be fine to study feasibility of SFFD
C3: would avoid any kind of full duplex mode in UE side and additional RF/DM requirement.
C4: agree co-existence with legacy network is important
LG Electronics Inc.
# 4
We are thinking that full duplex operation for unpaired spectrum can provide benefits such as 'Enhance system capacity', 'Latency improvement for access and IAB links' and 'Enable flexible and dynamic UL/DL resource adaption' as explained in page 2. Furthermore, if more time occasions for UL are provided from full duplex for unpaired spectrum, we may simply think further UL coverage enhancement can be achieved by more time occasions.
Q1) Do you think what is different point/work scope between coverage enhancement in Rel-17 and coverage enhancement by full duplex?
InterDigital Communications
# 5
Thanks for the proposals. Few clarification questions from our side:
Q1. if TU allocated for full duplex study in Rel-18 is limited and downscope is needed, what is priority from Qualcomm perspective?
Q2. both SBFD and SFFD target the same deployment scenario or each one targets different deployment scenario?
KDDI Corporation
# 6
Thank you for the good contribution, especially for the initial evaluation. We have some questions for clarification.
Q1: Do you consider inter/intra-cell inter-UE CLI in the simulation?
Q2: For DL simulation results, how do you estimate the DL channel? We think that Tx/Rx panel isolation affects the accuracy of DL channel estimation based on DL/UL reciprocity.
Q3: Do you think that 90 dB of Tx/Rx panel isolation is enough for RF front end on gNB side?
vivo Communication Technology
# 7
Thanks Qualcomm for the contribution. Regarding the feasibiliy of UE side full duplex, as we analysis on RWS-210175 (https://nwm-trial.etsi.org/#/documents/4692), we see the lack of sufficient antenna seperation at the UE side (due to form factor limitation) is the problem which makes full duplex infeasbile at the UE side. Do you have specific technique how to provide sufficient antenna seperation? 
Nokia Corporation
# 8
It seems a rather broad SI. In our view it would be good if the studies is narrowed down to have more focused study. E.g. not including FR1 Macro cases as those are most problematic also from current RAN4 coexistence conclusions when it comes to more flexible duplexing schemes.  We would see that it would be good to give higher priority to gNB-2-gNB CLI studies to support of UL-heavy configs for small cells, which could be utilized in practical deployments earlier.
Are you considering also full duplex support in UEs? What kind of performance impacts especially in DL performance do you foresee if UEs do not support full duplex? How about handling and DL performance of legacy UEs?
Fraunhofer HHI
# 9
Thank you very much for the comprehensive contribution on Full Duplex. 
For a better understanding we would like you to clarify the following aspects:
Q1: In SFFD are you considering this to be a mandatory feature for a/all device(s) or rather to be a spectral utilization view of a cell, where individual UEs may operated in half duplex or SBFD?
Q2: In dense deployments with IAB multi-hop backhaul a UE connected to a particular DU could cause CLI to an MT in the same or another IAB node. Would you consider such case of CLI between a UE and an MT as another scenario to be captured for further study?
Samsung Electronics Polska
# 10
Thanks for the contribution. Please find our questions below:
- Question for overall scope in Rel-18, between subband and full FD at gNB and/or half and full duplex Ues, FR1 and FR2, and intra-carrier and inter-carrier, access-link and other use cases (IAB or else) what is highest priority in Rel-18 and what is expected schedule for whole study and work in 5G-Advanced.
- Slide 2: Do you see TDD latency improvements, UL coverage in mnid-band or capacity improvements as the more important goal to target in FR1? 
- Slide 3 : For all use cases mentioned (scenario 1,2,3), what is the priroity ? We are not clear whether scenario 0 is baseline scenrario for duplex enhancement. While scenario 0 includes both IAB and access links but other remaing scenario 1,2, and 3 only touch access link only. What is Q's aumption for scenario in Rel-18? 
Do you expect to also study FD IAB in this SI or as part of another WI (e.g. enhancement of IAB in Rel-18)? 
- Slide 4, we can understand UL subband in the middle in DL heavy slots in the original TDD configuration, however DL subband in the middle in UL heavy slot (right most slot) is questionable whether it is possible to handle inter-operator cross-link interference. What kind of additional cooridination is needed?
- Slide 5: for interference management, what is the assumption for interface between gNBs, e.g., ideal backhaul supporting timely coordination or non-ideal backhaul supporting semi-static coordination (e.g., enhance of exchange of intended DL/UL in NRCLIRIM)? 
Is it meaningful to include IAB enhancements into the R18 SI? UE vs. IAB node experience very different link conditions, so aren't we overburdening the SI when these very distinct scenarios are both included?
- Slide 6, we have question for isolation values for 1, 2A, 2B, 4.This might be assumption for evaluation but it is neccessary to define different value per frequency band or common isolation performance regardless of freqeuncy band?
Ericsson LM
# 11
On slide 7, it is stated that for SBFD, there is 90 dB of panel isolation + digital mitigation. Is there no frequency isolation assumed for these results?

2.3.2	Round 2 Comments on RWS-210026, "On NR Full Duplex - Perspectives for Release 18"
Comments from June 21 to June 23

vivo Communication Technology
# 1
Thanks for your reply. Even for CPE and laptop, we are not sure about its feasibility of full duplex at the UE side, would be good to know what antenna separation is assumed by Qualcomm for these two device types?

2.4	Comments on RWS-210027, "On New Waveform Studies for Rel-18 & beyond"

2.4.1	Round 1 Comments on RWS-210027, "On New Waveform Studies for Rel-18 & beyond"
Comments from June 14 to June 17

Motorola Mobility Germany GmbH
# 1
[Lenovo, Motorola Mobility]:
· What are your views on two parallel items in Rel-18 including further enhancements for B52.6-71 GHz and extension beyond 71GHz and corresponding timeline?
· Do you see the need to first consider only DFT-s-OFDM for DL before considering a new waveform for both DL and UL?
Samsung Electronics Co., Ltd
# 2
Q1: What's the plan on the total number of TUs and its distribution for SI and WI of this topic in Rel-18? 
Q2: What advantage does SC-QAM with TDE have over DFT-S-OFDM?
Q3: SC-QAM has less flexibility for spectrum assignment. Do you have any suggestion to adress this issue?
Q4: Although there was a RAN level study for 52.6-114.25GHz, we didn't have enough time to carefully analyze the impact of hardware limitations. If we'll start to study the new waveform, do you think we may need to further study hardeware impact in both RAN1 and RAN4 first ?
LG Electronics Inc.
# 3
For the waveform study, legacy waveforms (i.e., CP-OFDM and DFT-s-OFDM) should be the starting point, and the comparison with other candidates of new waveform (e.g., single carrier waveform) can be done with respect to various aspects at least including PAPR, BLER, and user multiplexing.
NTT DOCOMO INC.
# 4
Thanks for the proposal. For "complexity" among challenges captured in slide#4, would there be anything specific to beyond 71 GHz?
Guangdong OPPO Mobile Telecom.
# 5
Few questions for clarification:
Q1. Which channel estimation, e.g., ideal or real, is assumed in the simulation? If real channel estimation is assumed, which DMRS pattern is adopted?
Q2. Which SCS is used in the simulation?
Samsung Electronics Polska
# 6
Q1: What's the plan on the total number of TUs and its distribution for SI and WI of this topic in Rel-18? 
Q2: What advantage does SC-QAM with TDE have over DFT-S-OFDM?
Q3: SC-QAM has less flexibility for spectrum assignment. Do you have any suggestion to adress this issue?
Q4: Although there was a RAN level study for 52.6-114.25GHz, we didn't have enough time to carefully analyze the impact of hardware limitations. If we'll start to study the new waveform, do you think we may need to further study hardeware impact in both RAN1 and RAN4 first ?
CATT
# 7
First we agree that this item is "definitely not the highest priority task for Rel-18 for the industry". Regarding some of the objectives listed, it is mentioned "wider use case :The band supports both fixed deployment and mobile deployment" is one of the design challenge . What specific impacts on the design from these motivation?
Beijing Lenovo Software Ltd.
# 8
Q1: SC-QCM has less flexibility on the resource allocation for different UEs, do you have any suggestions on this issue?
Q2(p9): Linear TDE model is assumed, is it correct understanding?

2.4.2	Round 2 Comments on RWS-210027, "On New Waveform Studies for Rel-18 & beyond"
Comments from June 21 to June 23

Huawei Tech.(UK) Co.. Ltd
# 1
Thank you for the contribution. On Page 5, you mention that "The waveform should be optimized for both fixed and mobile applications". On Page 2 it seems most of the available bands above 71 GHz are licensed for fixed applications. So why not instead optimize a waveform for fixed applications? Shouldn't the study establish the performance different between a waveform optimized for fixed applications and a waveform optimized for both fixed and mobile applications?
NTT DOCOMO INC.
# 2
Thanks for your reply. Another question is why SC-"QAM" is chosen in your contribution. I think, for example, APSK could also be possibility instead of QAM. Could you please share your opinion on this? Would it come from PAPR performance difference? Thanks. 
Sony Corporation
# 3
Thanks for the interesting contribution and discussion! Could you also elaborate on how the SC waveform lower the complexity of time domain implementation of TX and RX?

2.5	Comments on RWS-210028, "On Coding Evolution for Rel-18 & beyond"

2.5.1	Round 1 Comments on RWS-210028, "On Coding Evolution for Rel-18 & beyond"
Comments from June 14 to June 17

NTT DOCOMO INC.
# 1
· The title of this contribution said "for Rel-18 & beyond", and hence we assume that the proponent considers this proposal as a long-term project (i.e., across multiple releases), correct? What is the plan for this project?
· We could understand the benefits explained in the contribution. Is there any urgent request or issue that can be solved by the proposed technologies in commercial deployments?
· Is it necessary to study on feasibility/complexity of implementing the proposed technologies in addition to the study on performance gain and system design/specification impacts?
ZTE Corporation
# 2
We share the same view that outer code/NW code has benefits such as improving the reliability and throughput, reducing latency, etc. And the detailed coding schemes and applicable scenarios should be further studied. Would you mind to clarify why the outer coding and network coding are proposed to be used in different scenarios ?
Lenovo (Beijing) Ltd
# 3
thanks for your paper.
Do you mean network coding is realized in PDCP and outer coding is used in MAC/RLC layer? 
I wonder if network coding can also be applied to the case that the known part of the information have come from the same link?

Guangdong OPPO Mobile Telecom.
# 4
Few questions for clarification:
C1: today RLC buffer will mainly used to collect RLC PDU segments without reodering functionality, so it is not clear why there is buffer issue in RLC layer
Q1: what is the difference between network coding and outer coding?
Q2: not clear how RLC/MAC outer coding can help in order delivery and flush the buffer in time. can you elaborate more?

2.5.2	Round 2 Comments on RWS-210028, "On Coding Evolution for Rel-18 & beyond"
Comments from June 21 to June 23
Nobody reacted on this discussion

2.6	Comments on RWS-210029, "New Device Requirements for Rel-18 (RAN4-led topics)"

2.6.1	Round 1 Comments on RWS-210029, "New Device Requirements for Rel-18 (RAN4-led topics)"
Comments from June 14 to June 17
Nobody reacted on this discussion

2.6.2	Round 2 Comments on RWS-210029, "New Device Requirements for Rel-18 (RAN4-led topics)"
Comments from June 21 to June 23
Nobody reacted on this discussion
3	Questions on the contributions

3.1	Questions on RWS-210024, "On Machine Learning over the NR Air Interface"

3.1.1	Round 1 Questions on RWS-210024, "On Machine Learning over the NR Air Interface"
Questions from June 14 to June 17

Intel Technology India Pvt Ltd
# 1
Thanks for the results. It seems that in 3 out of 4 cases performance of Type II is the best. Could you provide your views on the NMSE gain that we should be looking at for reasonable SE performance gain?
CATT
# 2
Thanks for the contribution, and we have following questions for clarification:
Q1: Joint ML operation between network and UE involves tight coordination between network and UE. How does network and UE synchronize the architecture/parameters of ML module, especially if large scale DNN is used?
Q2: On the use case of ML-based CSI, what is the input to the CSI encoder? Is it channel measurements of a single instance or multiple instances? What is the structure of the encoder/decoder?
Q3: Signaling and measurement procedure for different use cases may be very different. Studying these aspects to all use cases (e.g., CSI, beam management, reference signal, positioning) in a single study item would involve a large group of experts and large amount of work. What's Qualcomm's view on how to progress the study?
Samsung Electronics Polska
# 3
Sorry to Repost the questions again with further RAN 3 questions:
Regarding ML-based CSI, we also think CSI can be one of the candidates for AI/ML in PHY. In the slide, we have some questions for clarifiation, 
Q1: what is the meaning of temporal compression? e.g., which information (domain) will be compressed? 
Q2: We found many curves in the evaluation graph but what is difference between 4 difference lables in red or blue curve?
Q3: we think that AI performance of link prediction and CSF can be changed according to the number and location of reference signal. Is there any opinion how to locate the reference signal to improve AI-based channel estimation? 
Q4: as it is mentioned at slide, complexity is important factor in AI. How to measure complexity and feasilbilty of AI model? Is it measured using FLOPs or inference time in reference chip? (e.g., snapdragon)
Q5: How to understand figures in page 5. What is the curve with label 'MP'. Is NN-based solution not good at positioning with LoS path?
For RAN 3 part: 
Model management: What is model provisioning and configuration? What is "inference" here in model management, any difference with "inference" RAN3 SI ?
Data management: Why we need to consider the data management? Does it mean that the data management signaling needs to be standard?
NEC Corporation
# 4
Regarding "Signaling and measurement procedures" and "Procedures for device AI/ML" do you see this as one study item (continutation of the current RAN3 SI) or several study items?

3.1.2	Round 2 Questions on RWS-210024, "On Machine Learning over the NR Air Interface"
Questions from June 21 to June 23

Intel Corporation (UK) Ltd
# 1
Q1: Do you also expect to introduce model provisioning and configuration in RAN3?
MediaTek Inc.
# 2
Thanks for the answers. Following the answers on the federated learning, 
1) How to do the UE selection? 
2)  Is the CSF ML model learned for each UE, or for all UEs in a cell or even the whole network?
3)  For Federated learning does Qualcomm consider all UEs or a fraction of all UEs (e.g. UE's current Active UEs)?
4)  Does Qualcomm think the AI-ML model training/inference is also distributed (split) between UE and network and updated at times, or the training is centralized and only the inference is distributed?
HUAWEI TECHNOLOGIES Co. Ltd.
# 3
Thank you very much for your answer to our question in the first round. We agree that in the study phase firstly we need to discuss the principles, seems similar as framework you mentioned above. From our side, the following two principle should be reused:
- Detailed AI/ML algorithms and models shall be left for implementation;
- Existing network architecture and interfaces of NR should be reused.

3.2	Questions on RWS-210025, "5G Green Networks"

3.2.1	Round 1 Questions on RWS-210025, "5G Green Networks"
Questions from June 14 to June 17

Intel Technology India Pvt Ltd
# 1
(1) Is it expected that "L1 processing for improving PA power efficiency" shall be studied in RAN1 or RAN4?
(2) For "PAPR reduction": is it aimed for BS and/or UE sides?
(3) For "Solutions on the Tx and/or Rx sides to compensate for possible PA non-linearities": is it expected that legacy UEs will be able to operate in the networks employing new techniques without impact on performance?
Spreadtrum Communications
# 2
Thanks for the quality contribution. We share the similar view as you for "initiating a new study item to explore solutions for improving end to end power efficiency at both network nodes and UE sides". We can start a new round of study for the network/system energy efficiency for both gNB/TRP and UE sides. The tradeoff b/w gNB/TRP and UE side power saving should be addressed along the study item. The evaluation methodology could cover both gNB/TRP and UE side.

3.2.2	Round 2 Questions on RWS-210025, "5G Green Networks"
Questions from June 21 to June 23

Spreadtrum Communications
# 1
Thanks for the clarifications. Regarding initiating a new study item to explore solutions for improving end to end power efficiency at both network nodes and UE sides, we are supportive. In our view power saving saving for network and UE side are always tradeoff. So, how to define the metric in evaluation methodology to address the tradeoff? For example, the "on demand" transmission at gNB will cause UE sending UL request timely instead of periodic reception.

3.3	Questions on RWS-210026, "On NR Full Duplex - Perspectives for Release 18"

3.3.1	Round 1 Questions on RWS-210026, "On NR Full Duplex - Perspectives for Release 18"
Questions from June 14 to June 17

Intel Technology India Pvt Ltd
# 1
(1) Given that isolation and interference handling (self-, adjacent-channel interference, etc.) that determine the feasibility (at both gNB and UE) is dependent on RAN4 studies, how can RAN1 work on "general objectives" before feasibility is established by RAN4? Specifically, for "X, Y, Z" in slide 6, how can RAN1 determine these, and not RAN4? 
(2) What is your view on bands to focus on - specifically, is the proposal to also consider "TDD in FDD bands" or only limit to unpaired spectrum? Also, what about lower frequencies vs. higher frequencies (if relying on spatial separation based isolation)?
(3) With panel-separation/partition, this could impact both DL and UL link performance due to partitioning of antenna panels/elements. Has this been considered in the evaluations for UL as well? 
(4) For the Sub-band-based FD option, this is not exactly the same as "FDM" and would require proper filtering. In this regard, what is your view on need for guard bands?

3.3.2	Round 2 Questions on RWS-210026, "On NR Full Duplex - Perspectives for Release 18"
Questions from June 21 to June 23

Samsung Electronics Polska
# 1
Regarding Slide 3 & scenarios which you said are highest priority for you in the order shown:
IAB can operate in FR2 and FR1 Bands 41, 77-79. Do you intend to conduct RAN1 SLS and RAN4 RF & coexistence studies for IAB FD (Sceanrio 0) in both FR1 and FR2? Or only FR2? Very different sets of assumptions would be needed if both FR1 and FR2 for IAB are included. But IAB in FR1 may not be the most immediate case of relevance to expect in practice. Isn't it best then to include Scenario 0 for FR2 only? Regarding Scenario 2: HD gNB (e.g. M-TRP) & FD UE/CPE versus Scenario 3: FD gNB & UEs/CPEs, could you provide some more background on why you see the HD TRP as more relevant than the FD gNB scenario? 
Regarding Slide 3 : scenario 2 and 3 includes FD operation of UE. The UE self interference mitigation seems be a hard work compare to gNB case. Could you provide Qualcomm's veiw or consideration about UE's self interference? 
Regarding Slide 4 and DL subband inside UL slot: Could you provide some background as to the expected benefits? For UL sub-band inside DL slots for the many and typical DL heavy slot configurations, increased UL duty cycle, shorter UL access latency and DL-UL flexbility are 3 immediate areas for (potential) gains. In terms of RAN1 SLS evaluations and the RAN4 RF interference paths, these 2 distinct cases (DL subband inside UL and UL subband inside DL) are not the same. We think that some thought is required for the R18 SI to concentrate first on cases where the potential benefit is clearly established.
Regarding Slide 7 : Could you provide some details of simulation process including below
1) Did Qualcomm consider HARQ process? (e.g. HARQ retransmission delay)
2) How a BS-BS and UE-UE CLI are modeled?
3) Could you provide the background why 90dB is proper value for Tx/Rx panel isolation?

3.4	Questions on RWS-210027, "On New Waveform Studies for Rel-18 & beyond"

3.4.1	Round 1 Questions on RWS-210027, "On New Waveform Studies for Rel-18 & beyond"
Questions from June 14 to June 17
Nobody reacted on this discussion

3.4.2	Round 2 Questions on RWS-210027, "On New Waveform Studies for Rel-18 & beyond"
Questions from June 21 to June 23
Nobody reacted on this discussion

3.5	Questions on RWS-210028, "On Coding Evolution for Rel-18 & beyond"

3.5.1	Round 1 Questions on RWS-210028, "On Coding Evolution for Rel-18 & beyond"
Questions from June 14 to June 17
Nobody reacted on this discussion

3.5.2	Round 2 Questions on RWS-210028, "On Coding Evolution for Rel-18 & beyond"
Questions from June 21 to June 23
Nobody reacted on this discussion

3.6	Questions on RWS-210029, "New Device Requirements for Rel-18 (RAN4-led topics)"

3.6.1	Round 1 Questions on RWS-210029, "New Device Requirements for Rel-18 (RAN4-led topics)"
Questions from June 14 to June 17

Intel Technology India Pvt Ltd
# 1
Regarding "4-layer FR2": 
(1) Why does the proposal exclude reception from multiple TRPs, which is one of the cases introduced in Rel-16 eMIMO WI?
(2) UEs with multiple beams and capable of simultaneous receptions should have better baseband & RF capabilities comparing to the existing UEs. In principle RRM and RF requirements can be improved as well. Is there any plan to define enhanced RRM and/or RF requirements?
Regarding "Dynamic OTA":
(3) Current UE demodulation OTA test methods is based on radiated 2-stage method. Is it expected to further extend this method to enable PDSCH throughput verification or other approaches are considered?
(4) For the potential figure of merit, what would classify as infrequent in triggering beam failure detection and link recovery procedure?
Samsung Electronics Polska
# 2
For 4-layer DL in FR2, shall the requirements defined based on single AoA or multi-AoA? Shall the REFSENS be derived based on each beam peak direction of each panel?

3.6.2	Round 2 Questions on RWS-210029, "New Device Requirements for Rel-18 (RAN4-led topics)"
Questions from June 21 to June 23

Huawei Technologies France
# 1
Thanks for the contribution.
Requirements for 8Rx in FR1:
Question 1: Whether 8Rx for bands n41, n77, n78 and n79 are limited to FWA UE only, or handheld UE is also considered?
Question 2: Whether delta SRS requirement should be considered for UE RF?
Requirements for 4-Layer DL in FR2:
Question 1: whether both co-located and non-colocated TRP(s) are considered for NW side?
Question 2: What the panel assumption is considered for UE side? Single panel or dual panels?
Question 3: In the figure on RHS, the CSI feedback (blue line) carries CSI reports for both CSI-RS resources (one for each), or there is only one report that is calculated based on two CSI-RS resources jointly?
Dynamic OTA and 4L OTA testing for FR2/FR2x:
Question 1: No solid progress on UL multi-panel in Rel-17. Should the assumption of multi panel be based on final conclusion by RAN1 for Rel-17?
Question 2: For RRM, is the intention to verify UE RRM performance while the signal directions are continuously changing, or the signal directions would remain static at least for the allowed measurement time and then followed by a change (RRM performance is verified during the time when signal directions are static, but with signal direction changes in each test run, the dwell time is reduced)?

4	Answers by the moderator

4.1	Answers by the moderator on RWS-210024, "On Machine Learning over the NR Air Interface"

4.1.1	Round 1 Answers by the moderator on RWS-210024, "On Machine Learning over the NR Air Interface"
Answers from June 17 to June 18

Qualcomm Incorporated
# 1
vivo Mobile Communication Co., # 1 
Thanks for your effort on this. We share similar views that AI/ML is one of the most important directions for NR 5.5G evolution. 
Several detailed questions. 
Q1: Can you clarify what is non-data-driven approaches in the following statement? 
“joint ML operation between UEs and network can improve performance over non-data-driven approaches” 
Q2: for the CSI evaluation results in Slide4, can you clarify what is the relationship between the three blue curves? Similarly we would also like to understand the relationship between the three red curves. 
Q3: for the potential area on “interference management”, what is expected for the application of AI/ML? 
Q4: for procedure part, notice the following mentioned terminology: “model provisioning, configuration, and inference”. Can you clarify what is the difference between model provisioning and configuration? 
Q5: for the positioning evaluation results in Slide5, can you elaborate more on why MP performs better than NN in strong LOS path but performs worse in other two cases? 
[Reply]  
A1: It refers to traditional non-ML based approaches. 
A2:  The three blue curves, as well as markers in each curve, represent different number of encoder output dimensions and the number of quantized bits for each dimension. The same for red curves. 
A3: AI/ML could learn sets of beams/UEs that lead to strong intra-/inter-cell interference, based on which gNB could adapt scheduling decision in terms of selection of users, beam, time/frequency resources, e.g., to protect users with stringent QoS requirements such as URLLC, XR, etc.  
A4:  Model provisioning means provisioning the model including the parameter set at the UE, i.e., downloading the model at the UE. Model configuration is how the network configures the model at the UE when it is to be run, e.g., selecting and activating or deactivating the particular model to use.  
A5: One intuition why NN performs better than MP is that MP tries to detect all the multipaths, while NN only needs to detect the first arrival path. For the strong LOS case, both MP and NN perform very well, achieving sub-ns accuracy, and we think the NN performance can be further improved if trained with a larger dataset. 
  
CAICT # 2 
Thanks for the contributions and we have a small question for clarification. In page3, sensor fusion for wireless is proposed and could you please provide some further explanation? 
[Reply] Examples include utilizing camera and other sensor measurements toward positioning, beam management, etc. 
 
ZTE Corporation # 3 
On P4: Could you please clarify the time granularity for “temporal compression”? Is it delay tap-level or OFDM symbol/slot-level? 
[Reply] It refers to compression over the OFDM symbol/slot level. 
 
LG Electronics France # 4 
Q1) In slide 3 on framework, can we understand that the output of current RAN3 SI is a baseline based on your text “Standardized data storage and access, registration, discovery, request and subscription [Covered by ongoing RAN3 AI/ML]”? 
Q2) In slide3, is it correct understanding that ‘device AI/ML’ is meant to refer to AI/ML task (partially) performed by UE? 
Q3) what do you consider as for RAN2 functions/procedures to apply AI/ML? 
[Reply] 
A1: Yes, that is our view. Data collection is a major objective of the RAN3 SI. We hope these general purpose data management procedures similar to those specified for NWDAF for data storage - Analytics Data Repository Function (ADRF) and access - Data Collection Coordination Function (DCCF) and the related registration, discovery, request and subscription functions can be assumed in the potential RAN1-led AI/ML study item. 
A2: Yes. 
A3: To enable the RAN1/RAN2 identified AI/ML use cases, RAN2 needs to define signaling procedure for gNB to provision and configure AI/ML models (see related answer to Vivo above) and other associated L1/L2 configuration to UE. The procedures should include the configuration for inference, training and model output enforcement. 
 
Sony Corporation # 5 
Thanks for the contribution. We have some questions. 
· Joint ML operation between UEs and network 
· Does this mean that network handle trained AI model (ex. CSI encoder/decoder) and provide the model to UEs? 
· ML-based advanced positioning 
· Do you assume that the algorithm for ML-based advanced positioning is handled in the same way as the ML-algorithm for CSI? 
· Federated learning 
· It involves multiple rounds of uploading and downloading of ML model parameters with user scheduling. Does it mean RAN2 impact? 
[Reply] 
We think that UEs will need to download the model from a 3rd party (e.g., provided by the network to the UE vendor for compilation) as the model will be specially tailored for the UE HW. We do not see it being viable to provide a network defined model description to the UE and have it run in the HW within a performance and delay budget at this time. 
For ML-based advanced positioning, depending on the flavor, AI/ML inference may happen at UE, at the network, or jointly. 
For federated learning, yes, RAN2 needs to define signaling for the provisioning, configuration and reporting over the multiple rounds. 
 
LG Electronics Inc. # 6 
Thanks for the contribution. One more question for clarification: 
In slide 3, could you explain the meaning of ‘Sensor fusion for wireless’?  
[Reply] Examples include utilizing camera and other sensor measurements toward positioning, beam management, etc. 
 
MediaTek Inc. # 7 
Thanks for the contribution. Some questions for clarification: 
1) What type of joint ML between the UE and the network envisioned? Will both the training and inference be joint? Or how will the training and inference work? 
2) Does Qualcomm have any priority among the use cases mentioned? 
3) Any views on further details of standardized ML framework over 5G air interface? 
[Reply] 
For the joint inference such as our ML-based CSF example, the inference will be performed jointly. For federated learning, training will happen in collaboration between the network and the UEs. The inference may be at UE or jointly at the network and UE, depending on the use cases.  
From company's contributions, we see a lot of interest on ML-based CSF and beam management. Our opinion is that companies can work together to prioritize or narrow down use cases prior to the start of the Rel-18 SI. 
On the ML framework, we expect following aspects to be standardized: 
· AI/ML functions e.g., data collection, training, inference, model management 
· Mapping the AI/ML functions to UE and network entities. Network interfaces and architecture need to be enhanced for this 
· Signaling procedures for: data collection & management, model inference, model training.  
 
Nokia Corporation # 8 
Thank you for the contribution. Do you have assumptions/expectations on the complexity of the interfaces which allows for joint ML operation between UEs and network? Would you have any preferences how to organize the work between air interface focused studies and NG-RAN related work? 
[Reply] We believe the complexity largely depends on whether the model can be trained and provisioned offline and whether one or multiple models may be needed. Our preference for this SI is to begin with RAN1/2 use cases and evaluation methodology first, along with their air interface impact such as signaling and measurement procedures, which will naturally lead to the framework part involving NG-RAN.  
 
Lenovo (Beijing) Ltd # 9 
Thanks for your contributions. In slide 3, can we understand that ‘device AI/ML’ represents AI/ML tasks are only performed by UE? If the answer is yes, considering Federated Learning is a collaborative machine learning paradigm involving multiple UEs and Network, what do you consider as for corresponding procedures for Network-side AI/ML and the interactions between UE and Network？ 
[Reply] Device AI/ML represents an AI/ML task whose inference is either fully performed by UE, or jointly by the network and the UE. The ML-based CSI in slide 4 is an example of the latter. Similarly, the training for the AI/ML model may be either fully performed by UE, or jointly by the network and the UE. Federated learning will involve model downloads, updates at UE, uploads, and model aggregation at the network. 
 
Samsung Electronics Polska # 10 
Regarding ML-based CSI, we also think CSI can be one of the candidates for AI/ML in PHY. In the slide, we have some questions for clarifiation,  
Q1: what is the meaning of temporal compression? e.g., which information (domain) will be compressed?  
Q2: We found many curves in the evaluation graph but what is difference between 4 difference lables in red or blue curve? 
Q3: we think that AI performance of link prediction and CSF can be changed according to the number and location of reference signal. Is there any opinion how to locate the reference signal to improve AI-based channel estimation?  
Q4: as it is mentioned at slide, complexity is important factor in AI. How to measure complexity and feasilbilty of AI model? Is it measured using FLOPs or inference time in reference chip? (e.g., snapdragon) 
Q5: How to understand figures in page 5. What is the curve with label 'MP'. Is NN-based solution not good at positioning with LoS path? 
[Reply] 
A1: Temporal compression refers to compression of the channel across multiple CSI-RS resources over time. The lower the Doppler is, the better the channel can be compressed. 
A2: The three blue curves, as well as markers in each curve, represent different number of encoder output dimensions and the number of quantized bits for each dimension. The same for red curves.  
A3: We agree with your opinion and listed ‘RS overhead reduction’ as one of the study areas. 
A4: At this time, we think it is simpler to manage AI capabilities based on model IDs and not explicit HW capabilities. E.g., the UE will report a set of model IDs it supports for a specific AI procedure. No need to measure complexity as the UE vendor can ensure that the UE only reports model IDs it can handle 
A5: MP refers to a non-ML based super-resolution algorithm. From the curves, it is seen that NN outperforms MP for more challenging scenarios (TDL-A and TDL-B). For the strong LOS case, both MP and NN perform very well, achieving sub-ns accuracy, and we think the NN performance can be further improved if trained with a larger dataset. 
 
HUAWEI TECHNOLOGIES Co. Ltd. # 11 
Thank you very much for the contribution. We have some questions for clarification as below: 
Q1. Do you consider the study of input/output for model training and model inference as part of the evaluation methodology? In our understanding, it is also a key part for the potential study since it will have impact on the potential evaluation for a certain use case as discussed in RWS-210448.  
Q2. Can you explain more on " standardized framework" ? In addition, we think procedure-related items does not necessarily to be considered for now, i.e. the signalling/measurement procedure, since it sounds more like the issues to address in a work item phase. For the potential study of AI, more efforts on the evaluation methodology, training input/output etc needs to be discussed first before jumping into spec impact assumption. 
[Reply] 
A1: We agree that the input/output should be part of the evaluation methodology, as well as the dataset (or evaluation setup) and KPI (or the loss function). 
A2: AI/ML is new to 3GPP RAN. The opinions on framework are quite diverse. We should have a R18 study on the framework to converge, as a preparation for R19 WI, e.g., see our answers for questions related to provisioning and configuration as well as related issues such as capabilities. These will potentially impact the types of training possible and so should be considered in the initial stages as well.  
 
NEC Corporation # 12 
NEC supports having SI on AI/ML for radio interface. 
[Reply] Thanks for sharing your view.  
 
Intel Technology India Pvt Ltd # 1 
Thanks for the results. It seems that in 3 out of 4 cases performance of Type II is the best. Could you provide your views on the NMSE gain that we should be looking at for reasonable SE performance gain? 
[Reply] For the blue plots on slide 4, we should look at the envelop formed by the blue curves, as different points in different curves represent different output dimensions and different number of quantization bits. With this in mind, we can see that the ML-based CSF without temporal compression (the blue curves) is on par or slightly better than Rel-16 eType II. Note that the simulations are preliminary and on a particular deployment (UMi, 32x4). With temporal compression, ML-based CSF outperforms Rel-17 eType II. 
 
CATT # 2 
Thanks for the contribution, and we have following questions for clarification: 
Q1: Joint ML operation between network and UE involves tight coordination between network and UE. How does network and UE synchronize the architecture/parameters of ML module, especially if large scale DNN is used? 
Q2: On the use case of ML-based CSI, what is the input to the CSI encoder? Is it channel measurements of a single instance or multiple instances? What is the structure of the encoder/decoder? 
Q3: Signaling and measurement procedure for different use cases may be very different. Studying these aspects to all use cases (e.g., CSI, beam management, reference signal, positioning) in a single study item would involve a large group of experts and large amount of work. What's Qualcomm's view on how to progress the study? 
[Reply] 
A1: The network can configure which models are used and activate or deactivate them to ensure synchronization.  
A2: In our simulations on slide 4, the input to the ML module is the channel estimates on the CSI-RS ports. Blue curves are based on a single CSI-RS instance, and red curves are based on multiple CSI-RS instances. Each of encoder and decoder involves multiple neural network layers.  
A3: From company's contributions, we see a lot of interest on ML-based CSF and beam management. Our opinion is that companies can work together to prioritize or narrow down use cases prior to the start of the Rel-18 SI. 
 
Samsung Electronics Polska # 3 
Sorry to Repost the questions again with further RAN 3 questions: 
Regarding ML-based CSI, we also think CSI can be one of the candidates for AI/ML in PHY. In the slide, we have some questions for clarifiation,  
Q1: what is the meaning of temporal compression? e.g., which information (domain) will be compressed?  
Q2: We found many curves in the evaluation graph but what is difference between 4 difference lables in red or blue curve? 
Q3: we think that AI performance of link prediction and CSF can be changed according to the number and location of reference signal. Is there any opinion how to locate the reference signal to improve AI-based channel estimation?  
Q4: as it is mentioned at slide, complexity is important factor in AI. How to measure complexity and feasilbilty of AI model? Is it measured using FLOPs or inference time in reference chip? (e.g., snapdragon) 
Q5: How to understand figures in page 5. What is the curve with label 'MP'. Is NN-based solution not good at positioning with LoS path? 
For RAN 3 part:  
Model management: What is model provisioning and configuration? What is "inference" here in model management, any difference with "inference" RAN3 SI ? 
Data management: Why we need to consider the data management? Does it mean that the data management signaling needs to be standard? 
[Reply]  
For questions Q1-Q5, please see our earlier answers. 
For RAN3 part:  
Model management: See answer above on model provisioning and configuration. Inference means UE to run the model to derive some output e.g. prediction, decision. The inference here is same as “inference” concept in RAN3 SI. 
Data management: Yes, we think data management signaling should be standardized. SA2 has been defining data management signaling in core network: DCCF and ADRF. With standardized data management, training/inference host can find & get data input easily and distribute the output more efficiently.  

NEC Corporation # 4 
Regarding "Signaling and measurement procedures" and "Procedures for device AI/ML" do you see this as one study item (continutation of the current RAN3 SI) or several study items? 
[Reply] 
RAN3 SI focus on network side only. For air interface signaling, we think this RAN1 led SI should be a better place to study the interaction between the network and the UE for enabling AI/ML at the UE.  

4.1.2	Round 2 Answers by the moderator on RWS-210024, "On Machine Learning over the NR Air Interface"
Answers from June 23 to June 24

Qualcomm Incorporated
# 1
Intel Corporation (UK) Ltd
# 1
[Question]: Do you also expect to introduce model provisioning and configuration in RAN3?
[Answer]: Yes. We proposed to standardize these procedures in the network side, too.

MediaTek Inc.
# 2
[Question 1]: How to do the UE selection? 
[Answer 1]: The details could be studied by RAN2/RAN3. gNB selects UE taking UE capability and context into consideration.
[Question 2]: Is the CSF ML model learned for each UE, or for all UEs in a cell or even the whole network?
[Answer 2]: We envision an approach based on model ID. UEs differing in their AI/ML capability may announce support for different sets of model IDs. Therefore, it is possible that different CSF ML model may be used for different UEs. It is up to the network decision, within the boundary of UE capability, whether and which CSF ML model to configure to each UE.
[Question 3]: For Federated learning does Qualcomm consider all UEs or a fraction of all UEs (e.g. UE's current Active UEs)?
[Answer 3]: Which UEs to participate into the federated learning depends on use cases and generally up to the network-side implementation, also considering UE capability and context into consideration.
[Question 4]: Does Qualcomm think the AI-ML model training/inference is also distributed (split) between UE and network and updated at times, or the training is centralized and only the inference is distributed?
[Answer 4]: Offline training is more likely to be centralized. Online training may be centralized or distributed. For online training, the training host is typically co-located with inference host or actor. In the distributed training, the network needs to merge the result to derive the final model.

HUAWEI TECHNOLOGIES Co. Ltd.
# 3
[Question]: We agree that in the study phase firstly we need to discuss the principles, seems similar as framework you mentioned above. From our side, the following two principle should be reused: - Detailed AI/ML algorithms and models shall be left for implementation;
[Answer]: Agree.
[Question]: - Existing network architecture and interfaces of NR should be reused.
[Answer]: We can start the study with existing architecture and interface, e.g. in R17 RAN3 AI/ML SI. We should study the potential architecture evolution in R18 for better efficiency and interoperability.

4.2	Answers by the moderator on RWS-210025, "5G Green Networks"

4.2.1	Round 1 Answers by the moderator on RWS-210025, "5G Green Networks"
Answers from June 17 to June 18

Qualcomm Incorporated
# 1
1 - Responses to comments from MediaTek Inc. 
Answer: We agree with both comments you’ve made under “general comments/questions” – Legacy UE should not be impacted. In addition, the right balance in power savings between network and UE should be taken into account.  
Question: On Proposal 1, antenna power characteristics is critical for gNB/TRP energy efficiency and highly depends on the implementation. gNB/TRP PA characteristics is different from that of UE. TR38.840 currently considers simple UE UL power model depending on only TX power level. What will be the expected extension for a unified TX power model that can balance accuracy and system simulation efficiency?  
Answer: The power model should include some agreed PA model that enables analyzing the tradeoff between output power, backoff and in-band/out of band distortions.  
Question: On Proposal 2, given NR signals are already specified, is the expected study outcome to assist gNB/TRP training for pre-compensation or PAPR reduction? 
Answer: We think both pre-compensation assist, post compensation and PAPR reduction should be part of the study item. 
Question: On Proposal 3, we also think dynamic TX ON/OFF switching optimization is critical, and both network nodes and UEs should be considered. Specific starting points can be enabling dynamic power saving adaptation for multi-TRP and multi-panel operations and investigating feasibility and benefit gNB/TRP/beam dormancy operations. 
Answer: thanks for your comments, and they make sense to us.  
 
2 - Responses to comments from Intel Technology India Pvt Ltd 
Question: For "Fixed or dynamic out-of-band emissions control methods": Further details are encouraged on the rationale and use case of dynamic OOBE control. 
Answer: One example is carrier aggregation controlled by same gNB (or operator). OOB emissions could be allowed dynamically based on the FDMed users in the various carriers  
 
3 - Responses to comments from CATT 
Question: Thanks for the green network contributions. Our understanding is the PA predistortion compensation would give higher Tx power. We would like to clarify how the predistortion compensation of PA non-linearity provides the network energy consumption reduction. Our understanding of out-of-band emission control requires additional RF filtering processing and additional network energy consumptions. Can you clarify the benefit of dynamic out-of-band emission control in network energy saving?  
Answer: Pre-distortion can assist in two ways: 
Increase output power - we increase the number of bits (transmitted on given channel) for a given power consumed. 
Decrease the power supply Voltage of the PAs in the gNB – the degradation in output signal quality is compensated by better pre-distortion. In this case the same number of bits are sent for lower power consumption. 
The selection which method to use (or combination of both) is implementation specific. 
BTW, both of these methods are also applicable for digital post distortion, which is a technique where we add non-linear processing capability to the receiver.  
For controlling out of band we propose using pre-distortions. We’re not proposing additional RF filtering. 
 
4 - Responses to comments from KT Corp. 
Question: We share the same motivation of having this feature supported from Rel-18. Any expectations or targets on how much the power consumption can be improved with power-efficient Tx/Rx processing?  
Answer: We have done some preliminary estimation on how much power we can save using PA pre/post distortions methods and we have observed up to 50% savings (in mmW bands) in some conditions. This is an ongoing work and we’ll have later more results. 
 
5 - Responses to comments from China Telecommunication Corp. 
Question: Thanks a lot for the good contribution for 5G green networks to save network power consumption. 
We support having a dedicate SI for comprehensive study of NR network energy saving in R18. And we are also interested in the listed objectives. Regarding the 'Proper network densification through deployment of different types of network nodes', could Qualcomm make some further explaination? 
Answer: Thanks for your support! The proposal is to investigate a proper choice of network nodes (such as macro-cells, small-cells, IAB-nodes, repeaters, etc.) and a network topology (i.e., where these nodes are deployed, and how they interact with each other) that will take into account energy consumption in addition to other parameters such as cost of deployment, throughput, etc. 
 
6 - Responses to comments from HUAWEI TECHNOLOGIES Co. Ltd.  
Q1. How to calculate “Joule per bit” considering different traffic models, e.g. burst buffer traffic and full buffer traffic? 
Answer: Overall power consumed to overall number of bits communicated (for the same time period), regardless of traffic model could be one option. “Joule per bit” reflects energy per bit, which can be viewed as W/bps. We may consider if there are good reasons to move to a more complicated metric that takes into account more factors. 
Q2. For efficient configuration of periodic/broadcast signals (SSB/SI/paging), we agree it is a good direction to go. However, as to longer periodicities, it is expected it will result in larger access delay, do you consider some other way to achieve both power saving and also avoid increasing access delay, e.g. on-demand SSB triggered by UE? 
Answer: we do agree finding a good balance between network-side energy consumption and UE’s power consumption and performance is quite important and must be considered when investigating new features. The proposal of on-demand network transmissions (such as on-demand SSB) makes sense to us.  
Q3. For adaptive TX/RX configuration and related coordination mechanisms, can you give some example on the coordination mechanism? In our understanding, some CSI enhancements to reflect the adaptive TX/RX configuration can be considered. What do you think？ 
Answer: On one hand, coordination on the network-side may be needed – e.g., currently there is a support for coordinated activation/deactivation at the cell-level, that can be extended to other (re)configurations. On the other hand, coordination on the UE-side may be needed. Some CSI enhancements to facilitate Tx/Rx config. adaptation might be a good starting point for study.    
 
7 - Responses to comments from Sony Europe B.V. 
Question: Is the proposal for a RAN4 study, or are there also impacts on other working groups? 
Are there any impacts on the waveform? 
 Answer: The procedures discussed might also impact RAN1 in form of additional signaling and RS. 
 Question: We have seen proposals in NTN for a more power efficient waveform (e.g. RWS-210421). We wonder whether some of your proposals would also find application in NTN. 
Answer: We agree. Some of the techniques may be used also for NTN 
 
1 - Responses to questions from Intel Technology India Pvt Ltd 
Question (1): Is it expected that "L1 processing for improving PA power efficiency" shall be studied in RAN1 or RAN4? 
Answer: There will be an impact both on RAN1 and RAN4. RAN1 might discuss some signaling as well as RS to assist L1 processing. The core processing is implementation specific so performance should be determined in RAN4. 
Question (2): For "PAPR reduction": is it aimed for BS and/or UE sides? 
Answer: Both BS and UE side 
Question (3): For "Solutions on the Tx and/or Rx sides to compensate for possible PA non-linearities": is it expected that legacy UEs will be able to operate in the networks employing new techniques without impact on performance? 
Answer: Right. Legacy UE’s should be able to operate without any impact on performance. In some cases, performance might be improved by the fact that other UEs have assisted the gNB to calibrate its digital pre-distortion processing, so that even legacy UEs can benefit. 
 
2 - Responses to questions from Spreadtrum Communications 
Question: Thanks for the quality contribution. We share the similar view as you for "initiating a new study item to explore solutions for improving end to end power efficiency at both network nodes and UE sides". We can start a new round of study for the network/system energy efficiency for both gNB/TRP and UE sides. The tradeoff b/w gNB/TRP and UE side power saving should be addressed along the study item. The evaluation methodology could cover both gNB/TRP and UE side. 
Answer: That makes perfect sense. 

4.2.2	Round 2 Answers by the moderator on RWS-210025, "5G Green Networks"
Answers from June 23 to June 24

Qualcomm Incorporated
# 1
HUAWEI TECHNOLOGIES Co. Ltd.
# 1
[Question] Response to A1: The typical use case for network energy saving is burst buffer traffic, therefore it seems not sufficient to only consider the overall number of bits. In our understanding, we can consider to use some other metric like user perceived throughput instead.
[Answer] From energy efficiency perspective, the metric that seems relevant to us is J/bits or Watts/(bits/sec) for the entire cell or combination of cells / network elements we’re trying to optimize. We can discuss other metrics if those are considered useful in the context of energy efficiency.  
 
Spreadtrum Communications
# 1
[Question] Regarding initiating a new study item to explore solutions for improving end to end power efficiency at both network nodes and UE sides, we are supportive. In our view power saving saving for network and UE side are always tradeoff. So, how to define the metric in evaluation methodology to address the tradeoff? For example, the "on demand" transmission at gNB will cause UE sending UL request timely instead of periodic reception.
[Answer] In some cases that is indeed a tradeoff we’ll have to study as part of the SI and come up with agreed metrics. In some cases we might simultaneously improve energy efficiency on both sides. Such a case might be when applying the proposed PA non-linearity compensation techniques that can increase the bitrate at both ends (improve spectral efficiency) – in this case energy efficiency metric measured in Watts/(bits/sec) may improve on both sides. 

4.3	Answers by the moderator on RWS-210026, "On NR Full Duplex - Perspectives for Release 18"

4.3.1	Round 1 Answers by moderator on RWS-210026, "On NR Full Duplex - Perspectives for Release 18"
Answers from June 17 to June 18

Qualcomm Incorporated
# 1
CATT 
# 1 
Thanks for the contribution and we have following questions for clarification: 
Q1: Regarding the evaluation, what is the number Tx RF chains and Rx RF chains? How is the digital mitigation modeled in the simulation? 
Q2: How is the inter-cell cross-link interference modeled in the simulation? 
Q3: What is the specification change needed to support SBFD? 
QC Responses to CATT #1: 
Thank you for the questions. Please see below. 
Q1: Regarding the evaluation, what is the number Tx RF chains and Rx RF chains? How is the digital mitigation modeled in the simulation? 
· In the evaluation presented, we assume 64 Tx and 64 Rx chains. Digital mitigation is accounted for by adjusting the level of residual interference from the Tx sub-band to the Rx sub-band.  
Q2: How is the inter-cell cross-link interference modeled in the simulation? 
· We modeled intra-cell cross link interference in these simulations. Inter-cell cross link interference is not modeled in these initial set of simulations.  
Q3: What is the specification change needed to support SBFD? 
· SBFD with some limited functionality could be supported with current 3gpp specification. However, there could be some enhancements to resource allocation, BWP, slot format, etc.  
MediaTek Inc. 
# 2 
Q1: Do you propose study item only or both study and work items in Rel-18 timeline? 
Q2: What is the rationale for proposing including FD UE in the scope? gNB-only support seems challenging enough for R18. 
Q3: What is the impact of gNB FD support onto NR legacy UEs from R15/16/17 due to UE-UE CLI? How can these terminals be protected from UE-UE CLI? Legacy UEs cannot implement any CLI mitigation techniques or CLI-related measurements. 
Q4: What is the impact on legacy gNB because of gNB-gNB CLI? 
Q5: Is there any expected RF specification tightening for future R18 Half Duplex UEs (ACLR, ACS, in-band blocking, etc) to operate with a SFFD or SBFD-capable gNB? 
Q6: Is there a significant power consumption impact onto FD-capable gNBs? 
Q7: Is there any significant difference between FR1 and FR2 to minimise UE-UE CLI and gNB-gNB CLI. 
Q8: A huge amount of effort will be needed in RAN4, which is already overloaded. Do you believe the RAN4 effort be prioritised on FR2 over FR1? 
Q9: On the SLS evaluation, what's the service or use case considered for the traffic model assumed in the SLS? 
QC Responses to MTK #2: 
Thank you for the questions. Please see below. 
Q1: Do you propose study item only or both study and work items in Rel-18 timeline? 
· Our proposal is for feasibility and enhancement study item in Rel-18 followed by normative work item in Rel-19. However, based on the progress made during the study phase, we are open to considering some normative work in Rel-18. 
Q2: What is the rationale for proposing including FD UE in the scope? gNB-only support seems challenging enough for R18.  
· For CPE or larger form factor devices with large number of antennas/panels, there is enough space to achieve large spatial isolation. Also, beam isolation by using proper UL, DL beam pairs can achieve extra isolation. In addition, the challenges for a full duplex UE are different for FR1 and FR2. We propose to study the feasibility of full duplex UE taking the specific aspects of UE architecture into account. 
Q3: What is the impact of gNB FD support onto NR legacy UEs from R15/16/17 due to UE-UE CLI? How can these terminals be protected from UE-UE CLI? Legacy UEs cannot implement any CLI mitigation techniques or CLI-related measurements. 
· This should be done by appropriate gNB scheduling and UE grouping. In addition, NW can deploy fully UL (or DL) slots as anchors and use some of the resources for legacy UE, if needed. 
Q4: What is the impact on legacy gNB because of gNB-gNB CLI? 
· The impact of gNB-gNB CLI is similar on both legacy and new gNBs, and can be mitigated by operating nearby gNBs in SBHD mode or through UL/DL resource coordination (e.g. align direction at edge of the band with neighboring gNB) . Additional cross-link interference mitigation techniques at the SBFD gNB side can also be considered such as beam avoidance towards legacy gNBs.  
Q5: Is there any expected RF specification tightening for future R18 Half Duplex UEs (ACLR, ACS, in-band blocking, etc) to operate with a SFFD or SBFD-capable gNB? 
· SBFD/SFFD should be transparent to legacy HD UEs. 
Q6: Is there a significant power consumption impact onto FD-capable gNBs? 
· The actual power consumption depends on the knobs used for interference mitigation and whether active cancellation (analog or digital interference cancellation) is needed.  
Q7: Is there any significant difference between FR1 and FR2 to minimise UE-UE CLI and gNB-gNB CLI. 
·  FR2 could utilize beam coordination to reduce CLI in general. 
Q8: A huge amount of effort will be needed in RAN4, which is already overloaded. Do you believe the RAN4 effort be prioritised on FR2 over FR1? 
· The interference mitigation techniques (e.g. panel/antenna isolation, interference cancellation, frequency isolation ) are common between FR1 and FR2. It is only the beam isolation that could differentiate FR2 over FR1 which in our view does not mandate special prioritization of FR2 over FR1 in RAN4. 
Q9: On the SLS evaluation, what's the service or use case considered for the traffic model assumed in the SLS? 
· FTP Model 3 is used for SLS. 
 
Guangdong OPPO Mobile Telecom. 
# 3 
thanks for interesting paper. we are in general open to study full duplex in Rel18. Here are few question and comments: 
Q1: How to differentiate beam isolation and spatial isolation? Beam isolation (2B) seems to be included in Spatial isolation (1).  
Comments: 
C1: would like to prioritize access link to backhaul link 
C2: would like to prioritize SBFD to SFFD case, but would be fine to study feasibility of SFFD 
C3: would avoid any kind of full duplex mode in UE side and additional RF/DM requirement. 
C4: agree co-existence with legacy network is important 
QC Responses to OPPO #3 
Thank you for the questions. Please see below. 
Q1: How to differentiate beam isolation and spatial isolation? Beam isolation (2B) seems to be included in Spatial isolation (1).  
· Spatial isolation comes from antenna construction including sub-panels, physical separation and such factors and transmit power has more impact on this when the distance between Tx and Rx antenna is small. Beam isolation comes from shaping the Tx and Rx beams to avoid interference and can improve the overall Tx/Rx interference profile in addition to the spatial isolation component.  
Comments: 
C1: would like to prioritize access link to backhaul link 
· It depends on the techniques needed. For example, gNB to gNB CLI management is common to both.  
C2: would like to prioritize SBFD to SFFD case, but would be fine to study feasibility of SFFD 
· Feasibility of SFFD differs for various scenarios with SBFD more likely for FR1 macro deployments while SFFD feasible for FR1 small cell and FR2 scenarios. We propose to study both scenarios as a starting point. 
C3: would avoid any kind of full duplex mode in UE side and additional RF/DM requirement. 
· Feasibility of full duplex on the UE side varies between FR1, FR2 and FR2x bands and also based on the form factor of the device. Hence, we propose to carry out a feasibility study as part of the study item at this stage. 
 
LG Electronics Inc. 
# 4 
We are thinking that full duplex operation for unpaired spectrum can provide benefits such as 'Enhance system capacity', 'Latency improvement for access and IAB links' and 'Enable flexible and dynamic UL/DL resource adaption' as explained in page 2. Furthermore, if more time occasions for UL are provided from full duplex for unpaired spectrum, we may simply think further UL coverage enhancement can be achieved by more time occasions. 
Q1) Do you think what is different point/work scope between coverage enhancement in Rel-17 and coverage enhancement by full duplex? 
QC Responses to LG #4 
Thank you for your comments and the questions. Please see below. 
Q1) Do you think what is different point/work scope between coverage enhancement in Rel-17 and coverage enhancement by full duplex? 
· Coverage enhancement in Rel-17 does not address latency and focuses mainly on uplink coverage improvement, without impacting gNB and UE architecture. With full duplex, additional capability at gNB and/or UE will be assumed to be available to handle self and cross link interference. 
InterDigital Communications 
# 5 
Thanks for the proposals. Few clarification questions from our side: 
Q1. if TU allocated for full duplex study in Rel-18 is limited and downscope is needed, what is priority from Qualcomm perspective? 
Q2. both SBFD and SFFD target the same deployment scenario or each one targets different deployment scenario? 
QC Responses to InterDigital #5 
Thank you for the questions. Please see below. 
Q1. if TU allocated for full duplex study in Rel-18 is limited and downscope is needed, what is priority from Qualcomm perspective? 
· The scenarios described under use cases shows the order of priority for us with at least Scenario 1 and 2 covered in Rel-18 SI, while Scenario 0 builds on R17 WI for IAB. 
Q2. both SBFD and SFFD target the same deployment scenario or each one targets different deployment scenario? 
· SFFD may be difficult to realize in FR1 macro deployments where SBFD would be more suitable. SFFD is likely to be more feasible for FR1 small cells, isolated cells and FR2 deployments.  
 
KDDI Corporation 
# 6 
Thank you for the good contribution, especially for the initial evaluation. We have some questions for clarification. 
Q1: Do you consider inter/intra-cell inter-UE CLI in the simulation? 
Q2: For DL simulation results, how do you estimate the DL channel? We think that Tx/Rx panel isolation affects the accuracy of DL channel estimation based on DL/UL reciprocity. 
Q3: Do you think that 90 dB of Tx/Rx panel isolation is enough for RF front end on gNB side? 
QC Responses to KDDI #6 
Thank you for the questions. Please see below. 
Q1: Do you consider inter/intra-cell inter-UE CLI in the simulation? 
· We modeled intra-cell cross link interference in these simulations. Inter-cell CLI or inter-UE CLI is not modeled in these initial set of simulations.  
Q2: For DL simulation results, how do you estimate the DL channel? We think that Tx/Rx panel isolation affects the accuracy of DL channel estimation based on DL/UL reciprocity. 
· In this simulation, DL channel for precoding is estimated using UL SRS scheduled in a legacy uplink slot where there is no Tx/Rx interference. 
Q3: Do you think that 90 dB of Tx/Rx panel isolation is enough for RF front end on gNB side? 
· From our calculations, we find that 80-90dB of Tx/Rx panel isolation in conjunction with other components listed including sub-band isolation, beam isolation and self-interference cancelation is sufficient to enable SBFD operation and SFFD operation in FR2. One objective of the study item is to investigate the feasibility (including RF front blockage/saturation in the presence of self-interference) and perform link budget analysis with such isolation numbers. 
 
vivo Communication Technology 
# 7 
Thanks Qualcomm for the contribution. Regarding the feasibiliy of UE side full duplex, as we analysis on RWS-210175 (https://nwm-trial.etsi.org/#/documents/4692), we see the lack of sufficient antenna seperation at the UE side (due to form factor limitation) is the problem which makes full duplex infeasbile at the UE side. Do you have specific technique how to provide sufficient antenna seperation?  
QC Responses to VIVO #7 
Thank you for the question. Please see below. 
· For UE, we start with larger form factor devices, e.g., CPE and laptop. Those can provide good spatial separation with, e.g., proper antenna panel placement. 
Nokia Corporation 
# 8 
It seems a rather broad SI. In our view it would be good if the studies is narrowed down to have more focused study. E.g. not including FR1 Macro cases as those are most problematic also from current RAN4 coexistence conclusions when it comes to more flexible duplexing schemes.  We would see that it would be good to give higher priority to gNB-2-gNB CLI studies to support of UL-heavy configs for small cells, which could be utilized in practical deployments earlier. 
Are you considering also full duplex support in UEs? What kind of performance impacts especially in DL performance do you foresee if UEs do not support full duplex? How about handling and DL performance of legacy UEs? 
QC Response to Nokia #8 
Thank you for the questions. Please see below. 
Enabling full duplex operation for FR1 macro cases provides the maximum impact to deployments and allows operators to offer latency sensitive operations on a broader scale. While enabling full duplex operation in FR1 macro scenario is relatively difficult compared to other scenarios such as small cells, we see approaches like SBFD offering feasible solutions to enable full duplex functionality on FR1 macros. Note that gNB-2-gNB CLI requirements will also be a part of the study and SBFD is expected to simplify such CLI requirements.  
We are proposing to study full duplex support in UEs across FR1, FR2 and FR2x bands, where the UE architectures and implementation considerations are different. We expect support for a combination of scenarios including legacy half duplex UEs and full duplex UEs, with minimal impact to legacy half duplex UE performance. 
 
Fraunhofer HHI 
# 9 
Thank you very much for the comprehensive contribution on Full Duplex.  
For a better understanding we would like you to clarify the following aspects: 
Q1: In SFFD are you considering this to be a mandatory feature for a/all device(s) or rather to be a spectral utilization view of a cell, where individual UEs may operated in half duplex or SBFD? 
Q2: In dense deployments with IAB multi-hop backhaul a UE connected to a particular DU could cause CLI to an MT in the same or another IAB node. Would you consider such case of CLI between a UE and an MT as another scenario to be captured for further study? 
QC Response to Fraunhofer #9 
Thank you for the questions. Please see below.  
Q1: In SFFD are you considering this to be a mandatory feature for a/all device(s) or rather to be a spectral utilization view of a cell, where individual UEs may operated in half duplex or SBFD? 
· We do not expect SFFD or SBFD to be a mandatory feature for all devices. We expect the design and the network deployments to support a combination of legacy half duplex UEs and SBFD/SFFD UEs  in the network.  
Q2: In dense deployments with IAB multi-hop backhaul a UE connected to a particular DU could cause CLI to an MT in the same or another IAB node. Would you consider such case of CLI between a UE and an MT as another scenario to be captured for further study? 
· We will consider this scenario for further study.  
 
Samsung Electronics Polska 
# 10 
Thanks for the contribution. Please find our questions below: 
- Question for overall scope in Rel-18, between subband and full FD at gNB and/or half and full duplex Ues, FR1 and FR2, and intra-carrier and inter-carrier, access-link and other use cases (IAB or else) what is highest priority in Rel-18 and what is expected schedule for whole study and work in 5G-Advanced. 
- Slide 2: Do you see TDD latency improvements, UL coverage in mnid-band or capacity improvements as the more important goal to target in FR1?  
- Slide 3 : For all use cases mentioned (scenario 1,2,3), what is the priority? We are not clear whether scenario 0 is baseline scenario for duplex enhancement. While scenario 0 includes both IAB and access links but other remaining scenario 1,2, and 3 only touch access link only. What is Q's aumption for scenario in Rel-18?  
Do you expect to also study FD IAB in this SI or as part of another WI (e.g. enhancement of IAB in Rel-18)?  
- Slide 4, we can understand UL subband in the middle in DL heavy slots in the original TDD configuration, however DL subband in the middle in UL heavy slot (right most slot) is questionable whether it is possible to handle inter-operator cross-link interference. What kind of additional cooridination is needed? 
· In legacy operation, the TDD structure of adjacent operators are aligned. Here the assumption is that the adjacent operator is not operating in SBFD mode. Hence, it is doing UL in that rightmost slot. To protect the UL operation of the adjacent operator, the DL transmission of the SBFD node is placed in the middle of the band. 
- Slide 5: for interference management, what is the assumption for interface between gNBs, e.g., ideal backhaul supporting timely coordination or non-ideal backhaul supporting semi-static coordination (e.g., enhance of exchange of intended DL/UL in NRCLIRIM)?  
Is it meaningful to include IAB enhancements into the R18 SI? UE vs. IAB node experience very different link conditions, so aren't we overburdening the SI when these very distinct scenarios are both included? 
- Slide 6, we have question for isolation values for 1, 2A, 2B, 4.This might be assumption for evaluation but it is neccessary to define different value per frequency band or common isolation performance regardless of freqeuncy band? 
QC Response to Samsung #10 
Thank you for the questions. Please see below.  
- Question for overall scope in Rel-18, between subband and full FD at gNB and/or half and full duplex Ues, FR1 and FR2, and intra-carrier and inter-carrier, access-link and other use cases (IAB or else) what is highest priority in Rel-18 and what is expected schedule for whole study and work in 5G-Advanced. 
· We listed our priority order for various scenarios in slide 3. We propose studying feasibility of these scenarios in Rel-18 and prepare for normative work in Rel-19. 
- Slide 2: Do you see TDD latency improvements, UL coverage in mid-band or capacity improvements as the more important goal to target in FR1? 
· Yes, latency reduction, UL coverage and flexible/dynamic UL/DL resource allocation are the important goals for FR1. 
- Slide 3 : For all use cases mentioned (scenario 1,2,3), what is the priority ? We are not clear whether scenario 0 is baseline scenario for duplex enhancement. While scenario 0 includes both IAB and access links but other remaining scenario 1,2, and 3 only touch access link only. What is Q's assumption for scenario in Rel-18?  
· The scenarios described under use cases shows the order of priority for us. Full duplex IAB is a continuation of Rel-17 and this can be decided later where it fits in.  
Do you expect to also study FD IAB in this SI or as part of another WI (e.g. enhancement of IAB in Rel-18)?  
· Rel-18 enhancement for full duplex gNB/UE could be considered for FD IAB.  See additional comments in the last question. 
- Slide 4, we can understand UL subband in the middle in DL heavy slots in the original TDD configuration, however DL subband in the middle in UL heavy slot (right most slot) is questionable whether it is possible to handle inter-operator cross-link interference. What kind of additional coordination is needed? 
· In legacy operation, the TDD structure of adjacent operators are aligned. Here the assumption is that the adjacent operator is not operating in SBFD mode. Hence, it is doing UL in that rightmost slot. To protect the UL operation of the adjacent operator, the DL transmission of the SBFD node is placed in the middle of the band. We expect SBFD to provide a good starting point for the required protection for inter-operator cross-link interference. 
- Slide 5: for interference management, what is the assumption for interface between gNBs, e.g., ideal backhaul supporting timely coordination or non-ideal backhaul supporting semi-static coordination (e.g., enhance of exchange of intended DL/UL in NRCLIRIM)? 
· Our assumption is non-ideal backhaul with semi-static coordination needed for CLI/RIM management. 
Is it meaningful to include IAB enhancements into the R18 SI? UE vs. IAB node experience very different link conditions, so aren't we overburdening the SI when these very distinct scenarios are both included? 
The enhancement of Rel-18 SI should focus on a full duplex node (gNB/UE). Then, we propose that these enhancements could further extended and/or considered to an IAB node. - Slide 6, we have question for isolation values for 1, 2A, 2B, 4.This might be assumption for evaluation but it is neccessary to define different value per frequency band or common isolation performance regardless of freqeuncy band? 
· The isolation values (spatial, freq and beam) may depend on the frequency band. For example, spatial isolation may depend on actual separation between the panels in terms of the wavelength. And similarly, the frequency isolation may be different between FR1 and FR2.  
 
Ericsson LM 
# 11 
Thank you for the questions. Please see below.  
On slide 7, it is stated that for SBFD, there is 90 dB of panel isolation + digital mitigation. Is there no frequency isolation assumed for these results? 
QC Response to Ericsson #11 
· Frequency isolation is assumed with an ACLR value of 45 dB/20MHz 
Intel Technology India Pvt Ltd 
# 1 
(1) Given that isolation and interference handling (self-, adjacent-channel interference, etc.) that determine the feasibility (at both gNB and UE) is dependent on RAN4 studies, how can RAN1 work on "general objectives" before feasibility is established by RAN4? Specifically, for "X, Y, Z" in slide 6, how can RAN1 determine these, and not RAN4?  
(2) What is your view on bands to focus on - specifically, is the proposal to also consider "TDD in FDD bands" or only limit to unpaired spectrum? Also, what about lower frequencies vs. higher frequencies (if relying on spatial separation based isolation)? 
(3) With panel-separation/partition, this could impact both DL and UL link performance due to partitioning of antenna panels/elements. Has this been considered in the evaluations for UL as well? 
(4) For the Sub-band-based FD option, this is not exactly the same as "FDM" and would require proper filtering. In this regard, what is your view on need for guard bands? 
QC Response to Intel #1 
Thank you for the questions. Please see below.  
Given that isolation and interference handling (self-, adjacent-channel interference, etc.) that determine the feasibility (at both gNB and UE) is dependent on RAN4 studies, how can RAN1 work on "general objectives" before feasibility is established by RAN4? Specifically, for "X, Y, Z" in slide 6, how can RAN1 determine these, and not RAN4?  
· RAN1 can make the study and find the required values for X, Y and Z for the different deployment scenarios while RAN4 can confirm the feasibility and determine the requirements. 
(2) What is your view on bands to focus on - specifically, is the proposal to also consider "TDD in FDD bands" or only limit to unpaired spectrum? Also, what about lower frequencies vs. higher frequencies (if relying on spatial separation based isolation)? 
· SBFD/SFFD should be considered for unpaired spectrum. Paired spectrum is already full duplex. 
(3) With panel-separation/partition, this could impact both DL and UL link performance due to partitioning of antenna panels/elements. Has this been considered in the evaluations for UL as well? 
· SLS UL performance evaluations consider the impact of self-interference from DL to UL due to panel separation and the  impact on UL/DL performance due to portioning of antenna panel. 
(4) For the Sub-band-based FD option, this is not exactly the same as "FDM" and would require proper filtering. In this regard, what is your view on need for guard bands? 
· Guard band may be additionally used to improve the isolation.  

4.3.2	Round 2 Answers by moderator on RWS-210026, "On NR Full Duplex - Perspectives for Release 18"
Answers from June 23 to June 24

Qualcomm Incorporated
# 1
vivo Communication Technology 
# 1 
[Question] Even for CPE and laptop, we are not sure about its feasibility of full duplex at the UE side, would be good to know what antenna separation is assumed by Qualcomm for these two device types? 
[Response] Thanks for the question. In our view, it is feasible with practical considerations/optimizations.  For example, based on evaluation results for some CPEs, the subarray spatial isolation for CPE with two 8x8 subarrays on 28GHz is around 70 to 80 dB with 14 to 15 cm distance between the two subarrays. 
 
Samsung Electronics Polska 
# 1 
[Question] Regarding Slide 3 & scenarios which you said are highest priority for you in the order shown: IAB can operate in FR2 and FR1 Bands 41, 77-79. Do you intend to conduct RAN1 SLS and RAN4 RF & coexistence studies for IAB FD (Scenario 0) in both FR1 and FR2? Or only FR2? Very different sets of assumptions would be needed if both FR1 and FR2 for IAB are included. But IAB in FR1 may not be the most immediate case of relevance to expect in practice. Isn't it best then to include Scenario 0 for FR2 only? Regarding Scenario 2: HD gNB (e.g. M-TRP) & FD UE/CPE versus Scenario 3: FD gNB & UEs/CPEs, could you provide some more background on why you see the HD TRP as more relevant than the FD gNB scenario?  
[Response] For IAB FD (Scenario 0), the study can be prioritized for FR2, which is also the initial consideration for FD application in R17 IAB. For the HD TRP vs FD gNB, FD gNB in the figure mostly refers to the scenario with co-located subarrays, which may need more consideration for array separation than the HD TRP case. The HD TRP can be essentially regarded as a special form of the general FD gNB with natural large spacing between the two subarrays.  
[Question] Regarding Slide 3: scenario 2 and 3 includes FD operation of UE. The UE self-interference mitigation seems be a hard work compare to gNB case. Could you provide Qualcomm's view or consideration about UE's self-interference?  
[Response] Thanks for the question. In our view, it is feasible with practical considerations/optimizations.  For example, based on evaluation results for some CPEs, the subarray spatial separation for CPE with two 8x8 subarrays on 28GHz is around 70 to 80 dB with 14 to 15 cm distance between the two subarrays.  
[Question] Regarding Slide 4 and DL subband inside UL slot: Could you provide some background as to the expected benefits? For UL sub-band inside DL slots for the many and typical DL heavy slot configurations, increased UL duty cycle, shorter UL access latency and DL-UL flexibility are 3 immediate areas for (potential) gains. In terms of RAN1 SLS evaluations and the RAN4 RF interference paths, these 2 distinct cases (DL subband inside UL and UL subband inside DL) are not the same. We think that some thought is required for the R18 SI to concentrate first on cases where the potential benefit is clearly established. 
[Response] Thanks for the question and sharing the benefits for having UL Subband inside DL slot. In our view, both scenarios (UL subband inside DL slot and DL subband inside UL slot) are important slot structures and have different benefits and use cases. We share similar views with you on the benefits of UL subband inside the DL slot. Similarly for the DL subband inside UL slot, it is beneficial for different use cases. One scenario is handling interference across different operators when one operator is utilizing legacy TDD slot structure while the other operator is utilizing subband full duplex gNB. To reduce interference to the legacy operator’s fully UL slot, it is desirable to place DL further away from the band edge. Another use case is enabling gNB to serve URLLC DL within UL-heavy slots.  
[Question] Regarding Slide 7: Could you provide some details of simulation process including below? 
1) Did Qualcomm consider HARQ process? (e.g. HARQ retransmission delay) 
2) How a BS-BS and UE-UE CLI are modeled? 
3) Could you provide the background why 90dB is proper value for Tx/Rx panel isolation? 
[Response] HARQ process and delay is considered in the simulations. On the other hand, BS-BS and UE-UE CLI is not considered for these set of simulations. The isolation number is based on our internal prototypes and feasibility study with practical design constraints. 

4.4	Answers by moderator on RWS-210027, "On New Waveform Studies for Rel-18 & beyond"

4.4.1	Round 1 Answers by moderator on RWS-210027, "On New Waveform Studies for Rel-18 & beyond"
Answers from June 17 to June 18

Qualcomm Incorporated
# 1
Motorola Mobility Germany GmbH 
# 1 
[Lenovo, Motorola Mobility]: 
· What are your views on two parallel items in Rel-18 including further enhancements for B52.6-71 GHz and extension beyond 71GHz and corresponding timeline? 
· Do you see the need to first consider only DFT-s-OFDM for DL before considering a new waveform for both DL and UL? 
[Reply]: 
· We believe enhancement to B52.6-71 and beyond 71GHz are two separate items with separate timelines. For B52.6-71, the work should be focusing on enhancements to what we end up with in Rel.17. For B71, the work is relatively long term, with the initial focus on waveform. This can span multiple releases 
· For B71, we believe DFT-s for both DL and UL should be the starting point and baseline for performance comparison, and we are open for discussion if there are other waveforms that is better than DFT-s 
Samsung Electronics Co., Ltd 
# 2 
Q1: What's the plan on the total number of TUs and its distribution for SI and WI of this topic in Rel-18?  
Q2: What advantage does SC-QAM with TDE have over DFT-S-OFDM? 
Q3: SC-QAM has less flexibility for spectrum assignment. Do you have any suggestion to adress this issue? 
Q4: Although there was a RAN level study for 52.6-114.25GHz, we didn't have enough time to carefully analyze the impact of hardware limitations. If we'll start to study the new waveform, do you think we may need to further study hardware impact in both RAN1 and RAN4 first ? 
[Reply]: 
A1: We do not see the urgency on completing the B71 work. We can have a phase approach with 13 TU in Rel.19 for WI. 
A2: For SC-QAM, both TDE and FDE can be supported, while TDE may have lower complexity implementation if the number of taps in equalizer is restricted (with potential performance trade-off). With SC-QAM, additional pulse shaping filter can be introduced to further improve PAPR. Additionally, for high mmW band, the chance of FDM multiplexing UEs is lower due to narrow beam nature of the transmission, thus the multiplexing flexibility benefit of DFT-s is not as important as in low band anymore. 
A3: Right, the FDRA flexibility in lower for SC-QAM. We feel it is not very important to have high flexibility in high mmW band in the beginning. If some level of flexibility is preferred, we can absorb that in BWP switching. 
A4: Yes, for the SI of the waveform, the hardware impact should be considered in RAN1 and RAN4. 
 
LG Electronics Inc. 
# 3 
For the waveform study, legacy waveforms (i.e., CP-OFDM and DFT-s-OFDM) should be the starting point, and the comparison with other candidates of new waveform (e.g., single carrier waveform) can be done with respect to various aspects at least including PAPR, BLER, and user multiplexing. 
[Reply]: 
Agree 
NTT DOCOMO INC. 
# 4 
Thanks for the proposal. For "complexity" among challenges captured in slide#4, would there be anything specific to beyond 71 GHz? 
[Reply]: 
The complexity mentioned here is mainly talking about using TDE vs FDE. Beyond 71GHz, most of the spectrum allocation is for fixed point to point with high antenna gain. For such deployment model, it is likely the delay spread is small and low complexity TDE with a few taps is possible with lower complexity. 
 
Guangdong OPPO Mobile Telecom. 
# 5 
Few questions for clarification: 
Q1. Which channel estimation, e.g., ideal or real, is assumed in the simulation? If real channel estimation is assumed, which DMRS pattern is adopted? 
Q2. Which SCS is used in the simulation? 
[Reply] 
A1: Realistic channel estimation assumed. For OFDM and DFT-s, NR PUSCH DMRS pattern used with 1 DMRS per slot. For SC-QAM, front loaded single DMRS symbol used. 
A2: 960KHz over 2GHz bandwidth 
Samsung Electronics Polska 
# 6 
Q1: What's the plan on the total number of TUs and its distribution for SI and WI of this topic in Rel-18?  
Q2: What advantage does SC-QAM with TDE have over DFT-S-OFDM? Reuse NR UL DMRS pattern for OFDM and DFT-s. Use the same DMRS pattern of DFT-s for SC-QAM. 
Q3: SC-QAM has less flexibility for spectrum assignment. Do you have any suggestion to adress this issue? 
Q4: Although there was a RAN level study for 52.6-114.25GHz, we didn't have enough time to carefully analyze the impact of hardware limitations. If we'll start to study the new waveform, do you think we may need to further study hardeware impact in both RAN1 and RAN4 first ? 
[Reply] Duplicated entries. 
CATT 
# 7 
First we agree that this item is "definitely not the highest priority task for Rel-18 for the industry". Regarding some of the objectives listed, it is mentioned "wider use case :The band supports both fixed deployment and mobile deployment" is one of the design challenge . What specific impacts on the design from these motivation? 
[Reply]: For this, we are mainly considering if there is design optimization needed for the fixed point to point use case, when the coverage needs to be high where low PAPR is  beneficial, and multiplexing flexibility requirement is low. We see SC-QAM type waveform a better fit for that scenario. 
 
Beijing Lenovo Software Ltd. 
# 8 
Q1: SC-QCM has less flexibility on the resource allocation for different UEs, do you have any suggestions on this issue? 
Q2(p9): Linear TDE model is assumed, is it correct understanding? 
[Reply]: 
A1: Yes, SC-QAM has issue with FDRA flexibility. However, we feel in some use cases, the flexibility is not critical. If some level of flexibility is needed, we can absorb that in BWP switching framework. 
A2: Yes. We keep the given number dominant taps in the TDE. 

4.4.2	Round 2 Answers by moderator on RWS-210027, "On New Waveform Studies for Rel-18 & beyond"
Answers from June 23 to June 24

Qualcomm Incorporated
# 1
Huawei Tech.(UK) Co.. Ltd
# 1
[Question] On Page 5, you mention that "The waveform should be optimized for both fixed and mobile applications". On Page 2 it seems most of the available bands above 71 GHz are licensed for fixed applications. So why not instead optimize a waveform for fixed applications? Shouldn't the study establish the performance different between a waveform optimized for fixed applications and a waveform optimized for both fixed and mobile applications?
[Reply] Our view is, though the band is mostly fixed applications, it is still possible to use it for mobile use as regulation develops. For example, in US, it is still open to use it for mobile. From waveform perspective, we are not ready to give up the mobile use case yet.  Of course, we already have the legacy waveform in FR2, that may be used directly with minimum further optimization. We can spend more energy on the waveform optimized for fixed use. In other words, we may consider supporting two sets of waveforms for the band for different use cases with different optimization target. 

NTT DOCOMO INC.
# 2
[Question] Another question is why SC-"QAM" is chosen in your contribution. I think, for example, APSK could also be possibility instead of QAM. Could you please share your opinion on this? Would it come from PAPR performance difference? Thanks.
[Reply] Sorry for the confusion in picking the terms. We are open to consider PSK modulation. 

Sony Corporation
# 3
[Question] Could you also elaborate on how the SC waveform lower the complexity of time domain implementation of TX and RX?
[Reply] By this, we mean we can use tapped filter type implementation for TX and RX, instead of DFT and FFT. When there are limited number of taps, the complexity of filter based implementation can be lower than DFT/FFT based implementation, with potential performance loss. 

4.5	Answers by moderator on RWS-210028, "On Coding Evolution for Rel-18 & beyond"

4.5.1	Round 1 Answers by moderator on RWS-210028, "On Coding Evolution for Rel-18 & beyond"
Answers from June 17 to June 18

Qualcomm Incorporated
# 1
#1 Replies to DOCOMO’s questions  
Thank you for the questions, please see below: 
· Q: The title of this contribution said "for Rel-18 & beyond", and hence we assume that the proponent considers this proposal as a long-term project (i.e., across multiple releases), correct? What is the plan for this project? 
· Answer: Yes, Outer Coding and Network Coding have many diverse applications, we do not think they could be specified in a single release.  
· Q: We could understand the benefits explained in the contribution. Is there any urgent request or issue that can be solved by the proposed technologies in commercial deployments? 
· Answer: Similar to other enhancements, the request is the improvement in efficiency of the utilization of spectrum resources, improving user experience, and reducing device complexity/buffering requirements where possible.  
· Q: Is it necessary to study on feasibility/complexity of implementing the proposed technologies in addition to the study on performance gain and system design/specification impacts? 
· Answer: Yes, feasibility/complexity needs to be a key part of the study. 
 
#2 Replies to ZTE’s questions  
Thank you for the questions, please see below: 
Whether it is outer coding or network coding, we see it mostly a terminology question. The underlying encoding techniques can be the same.  
In lack of a better definition, we call the scheme outer coding where the packets that are being encoded across are all transported through the same communication path, and network coding when they are transported through different communication paths.   
These apply to different cases.  
 
#2 Replies to Lenovo’s questions  
Thank you for the questions, please see below: 
No, we didn’t mean to imply that network coding should be typically realized in PDCP and outer coding is used in MAC/RLC layer, these just happen to be the cases in specific examples given. 
The case where the known part of the information have come from the same link, we call outer coding. This is just a terminology question. The underlying encoding scheme doesn’t depend on the terminology. 
 
#2 Replies to Oppo’s questions  
Thank you for the questions, please see below: 
C1: today RLC buffer will mainly used to collect RLC PDU segments without reodering functionality, so it is not clear why there is buffer issue in RLC layer 
· Answer: The buffering issue exists for the layer performing the reordering, which is the PDCP layer. So we were referring to the L2 layer (including both PDCP and RLC) buffer reduction in the slide.  
Q1: what is the difference between network coding and outer coding? 
· Answer: Whether it is outer coding or network coding, we see it mostly a terminology question. The underlying encoding techniques can be the same. In lack of a better definition, we call the scheme outer coding where the packets that are being encoded across are all transported through the same communication path, and network coding when they are transported through different communication paths.   
Q2: not clear how RLC/MAC outer coding can help in order delivery and flush the buffer in time. can you elaborate more? 
· Answer: The degree of benefit depends on the link parameters. The highest gain is expected when the delay x BW product is large, i.e. when there is high data rate but the RLC feedback messaging delay is relatively long. Part of the savings come from the fact that the outer code delivers repair packets without having to wait for feedback. Another part of the savings come from the fact that when there is feedback, the transmitter may only need to store coded packets when outer coding is applied.  

4.5.2	Round 2 Answers by moderator on RWS-210028, "On Coding Evolution for Rel-18 & beyond"
Answers from June 23 to June 24
Nobody reacted on this discussion

4.6	Answers by moderator on RWS-210029, "New Device Requirements for Rel-18 (RAN4-led topics)"

4.6.1	Round 1 Answers by moderator on RWS-210029, "New Device Requirements for Rel-18 (RAN4-led topics)"
Answers from June 17 to June 18

Qualcomm Incorporated
# 1
#1 Replies to Intel’s questions  
Thank you for the questions, please see below: 
(1) Is the question about single TCI vs. multiple TCIs?  We are proposing to define requirements for dual TCI, this can of course be from multiple TRPs or a single TRP. The picture has a single TRP just for simplicity. From a UE requirements point of view, it should not matter where the TRPs are physically located. Please let us know if this answers the question or further clarifications are needed.  
(2) For dual TCI states, our understanding is that we will need some new RRM requirements/tests because UE has to track multiple TCIs with different Rx beams. For the RF requirements, it would have to be discussed whether new requirements are needed and what would be the framework. 
(3) FR2 demodulation OTA testing focuses on the baseband performance because the beam peak direction is used, it is not really based on radiated 2-stage method. FR2 MIMO OTA is verifying both baseband and UE RF performance to some extent but current demodulation and MIMO OTA test methods are static. Dynamic OTA testing is to extend the current test method to test FR2 UE MIMO OTA performance and RRM performance under dynamic environment which is a more realistic scenario. The proposal is to stud test methods to understand how the UE performs when it has to adapt to relatively fast channel changes. The simplest test envisioned is with rotating the UE in the chamber. 
(4) One of the possible figure of merits is to see how often the UE interrupts Rx/Tx in a given environment. A “good” UE would drop the connection less often compared to a “bad” UE. What would classify as frequent or infrequent would depend on the test conditions so this would have to be decided for each test separately. 
#2 Reply to Samsung’s question:  
Thank you for the question, please see below: 
We envision to define the requirements based on multi AoA as baseline. Whether single AoA can be a subset of multi AoA or some sort of minimum distance between AoAs is needed will require some discussion. Whether a 4-layer REFSENS requirement is needed or not will have to be discussed. A performance requirement (e.g. demod requirement) might be enough. 

4.6.2	Round 2 Answers by moderator on RWS-210029, "New Device Requirements for Rel-18 (RAN4-led topics)"
Answers from June 23 to June 24


Qualcomm Incorporated
# 1
Thank you for the questions. Please see some answers below:
Requirements for 8Rx:
· We think the main target is FWA but requirements can be generic and since there is no clear differentiation of devices in FR1, they could also apply to different form factors
· It should be considered but this would be up for discussion during the actual work 
Requirements for 4L DL in FR2’
1.  The requirements are on the UE side so they should be agnostic of whether TRPs are co-located or not. If there will be a need to clarify this, both can be considered.
2.  This detail will have to be discussed. Requirements could be agnostic on the number of panels, it would have to be discussed whether some minimum/maximum angular distance between the receive beams is assumed.
3.  We are assuming there would be 2 separate reports with dual TCI.

Dynamic OTA and 4L OTA testing for FR2
1.  Multi panel should be considered anyway for future compatibility of the test system. If multi panel is supported for DL, supporting it also for UL should be straightforward.
2.  Intention is to verify the performance while the signals are continuously changing in order to emulate a more realistic environment. Just reducing dwell time would still make the testing somewhat static. 
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