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Introduction
This document collects Q&A corresponding to contributions listed below.
NOTE:     The ”non-eMBB” classification was self-assigned by the author.
Table 1:
	Agenda Item
	TDoc
	Title
	Source

	4.2
	RWS-210101
	[non-eMBB] NTN IoT
Enhancements
	MediaTek Inc.

	4.2
	RWS-210108
	[non-eMBB]         
URLLC
Enhancements
	MediaTek Inc.

	4.2
	RWS-210096
	[eMBB/non-eMBB]
MBS Enhancements
	MediaTek Inc.

	4.2
	RWS-210109
	[non-eMBB] NR Red-
Cap Enhancements
	MediaTek Inc.


 
Each of these contributions includes a motivation and a set of proposed objectives. This email discussion intends to clarify via Q&A the motivation and individual objectives for each of these contributions. It is structured as follows:
· Section 2.1 contains Q&A tables for RWS-210101 for the motivation and each individual objective
· Section 2.2 contains Q&A tables for RWS-210108 for the motivation and each individual objective
· Section 2.3 contains Q&A tables for RWS-210096 for the motivation and each individual objective-    Section 2.4 contains Q&A tables for RWS-210109 for the motivation and each individual objective -    Section 3 provides a summary
 
 

Email Discussion
RWS-210101 – NTN IoT Enhancements
Motivation
Companies are kindly invited to provide their questions to the following motivation:
Motivation:
· Release-17 is expected to be the first 3GPP release for NTN IoT supporting minimum essentialfunctionality for a working NTN IoT system
· Release 18 should prioritize NTN IoT minimum additional enhancements to Release-17 NTN IoTfunctionalities as needed in terms of data rate, long connection and mobility
 
Feedback Form 1: Questions - Motivation
	1 – Asia Pacific Telecom co. Ltd
We wonder whether to support smaller bandwidth (<5 MHz BW) for Cubesat deployment.

	2 – China Telecommunications
Our question is whether all IoT devices need to support GNSS in R18?

	3 – Sony Europe B.V.
Comment: we are supportive of the proposed enhancements as far as they go. However, we think that IoT-NTN needs enhancing towards supporting the 5G mMTC requirements, which include issues of power

	consumption (battery life), connection density, latency and coverage. These issues are discussed in RWS-
210302 and RAN-R18-WS-non-eMBB-SONY

	4 – Samsung Electronics Co.
Is HD-FDD to support low-cost UE not supporting FDD?

	5 – Samsung Electronics Co.
Q1: For enhancements to support long connection times, is it assumed that a UE has GNSS capability and no simultaneous use of GNSS and IoT modules?
Q2: For both TN and NTN IoT, mobility enhancement is proposed. If mobility enh is applied to NTN, what additional new aspect (except NB IoT carrier selection) should be considered for NTN IoT on top of mobility enh to NTN?


MediaTek Inc. would like to provide the following answers to the above questions:
Table 2:
	Questions
	Replies

	[Asia Pacific Telecom co. Ltd]
We wonder whether to support smaller bandwidth (<5 MHz BW) for Cubesat deployment.
	NTN IoT supports channel bandwidth for NB-IoT and eMTC, which are smaller than 5 MHz. This question is more relevant to NTN NR, which is in our other contribution RWS-210100 and questions for this other contribution can be take in the NWM
RAN-R18-WS-eMBB-MediaTek

	[China Telecommunications]
Our question is whether all IoT devices need to support GNSS in R18?
	Yes, all IoT devices need to support GNSS in R18. Aspects related to usage of GNSS can be discussed e.g. restriction, power consumption, measurements aspects

	[Sony]
IoT-NTNneedsenhancingtowardssupportingthe5G mMTC requirements, which include issues of power consumption (battery life), connection density, latency and coverage
	We agree power consumption (battery life), connection density, latency and coverage are important considerations. In particular:
-HARQ enhancements to support higher UE data rates.
-Enhancements to support long connection times
-Connected mode mobility
We are generally supportive of meeting 5G mMTC requirements as much as can be for NTN IOT within reasonable scope of potential enhancements required to meet these.

	[Samsung Electronics Co.]
Is HD-FDD to support low-cost UE not supporting FDD?
 
	HD-FDD is a feature in legacy cellular NB-IoT and eMTC. It is for cost reduction.
Half duplex FDD means UE can transmit on FDD band or receive on FDD band, but not do transmit and receive simultaneously. This removes the need for duplexer RF components and reduce processing requirements which reduce cost of device. HD-FDD is different from TDD, because from system viewpoint the frequency bands are FDD using paired spectrum and gNB can transmit and receive simultaneously.
 


Feedback Form 2: Round II Questions - Motivation
	1 – ZTE Corporation
Thanks for your contribution and replies. It seems that there is discussion to enable the regenerative load in satellite for NR-NTN, do you expect same use case for IoT also? Moreover, for the IoT device, do we need to address the use case with long time connection for transmission?

	2 – NOVAMINT
In RWS-210101, you mentioned better support mobility should be in focus. You mentioned as well the objective of supporting 5G mMTC requirements as much as can be for NTN IOT.
What are you views on supporting regenerative payload: would it not be beneficial for this objective and to support many more use cases?


MediaTek Inc. would like to provide the following answers to the above questions:
To be filled in after Round II
Table 3:
	Questions
	Replies

	[ZTE]
Thanks for your contribution and replies. It seems that there is discussion to enable the regenerative load in satellite for NR-NTN, do you expect same use case for IoT also? Moreover, for the IoT device, do we need to address the use case with long time connection for transmission?
	The use cases and scenarios to enable re-generative payload in satellite for NTN IoT should first be clarified. Release 18 could further consider aspects of discontinuous service.
Aspects of long connection times are important for Rel-18 NTN IoT. Long transmission for PUSCH and PRACH is already in scope of Rel-17.
 

	[Novamint]
In RWS-210101, you mentioned better support mobility should be in focus. You mentioned as well the objective of supporting 5G mMTC requirements as much as can be for NTN IOT.
What are you views on supporting regenerative payload: would it not be beneficial for this objective and to support many more use cases?
	The use cases and scenarios to enable re-generative payload in satellite for NTN IoT should first be clarified.
 


Objective 1
Companies are kindly invited to provide their questions to the following objective:
Objective: Rel-17 Leftovers [RAN1, 2]   [subject to R17 status]
· HARQ enhancements to support higher UE data rates
· Enhancements to support long connection times
 
Feedback Form 3: Questions - Objective 1
	1 – Asia Pacific Telecom co. Ltd
Support. HARQ disabling can support higher UE data rates. Blind retransmission can further ensure reliability.

	2 – China Telecommunications
We think it depends on R17 progress.

	3 – Intel Corporation (UK) Ltd
Do you consider increased number of HARQ processes under HARQ enhancements or HARQ disabling only?

	4 – CATT
What’s the expected enhancement for HARQ and to support long connection times? We assume the design in NR NTN could be taken as the baseline. Any additional enhancement is expected?
It seems we should focus on the scope of Rel-17 IoT NTN WI firstly, any leftovers or enhancement to be done in Rel-18 could be further considered.

	5 – Qualcomm Incorporated
Enhancement related to power saving are not considered, do you think the Rel-17 baseline would be efficient in terms of power?.


MediaTek Inc. would like to provide the following answers to the above questions:
Table 4:
	Questions
	Replies

	[Asia Pacific Telecom co. Ltd]
Support. HARQ disabling can support higher UE data rates. Blind retransmission can further ensure reliability.
	HARQ disabling was discussed in Rel-17 and may be sufficient to meet higher data rates requirements. In effect, potential enhancements for the first transmission could use larger number of repetitions to ensure reliability.

	[China Telecommunications]
We think it depends on R17 progress.
	HARQenhancementsarenotinscopeofagreedNTN IoT WID in RP-211573
On scope of potential enhancements for long connection time, we agree it may depend on Rel-17

	[Intel Corporation (UK) Ltd]
Do you consider increased number of HARQ processes under HARQ enhancements or HARQ disabling only?
	First priority should be HARQ disabling. This may be sufficient to achieve sufficient higher data rates in
NTN for LEO and GEO.

	[Qualcomm Incorporated]
Enhancement related to power saving are not considered, do you think the Rel-17 baseline would be efficient in terms of power?.
	This is a very important aspect. For long connection times, enhancements to operate GNSS module for a new position fix for UE pre-compensation during connected mode (see our RWS-210113) can be considered. Scope of enhancements may depend on Rel-17 progress.

	[Samsung Electronics Co.]	– moved from section
2.1.1
For enhancements to support long connection times, is it assumed that a UE has GNSS capability and no simultaneous use of GNSS and IoT modules?
	Yes, same assumption as Rel-17 for no simultaneous use of GNSS and IoT modules


Feedback Form 4: Round II Questions - Objective 1

MediaTek Inc. would like to provide the following answers to the above questions:
To be filled in after Round II
Objective 2
Companies are kindly invited to provide their questions to the following objective:
Objective: Mobility enhancements [RAN2, 1]
Connected mode mobility: Scope depends on whether Release-17 NTN IoT can significantly benefit from additional enhancements in some scenarios and use cases
 
Feedback Form 5: Questions - Objective 2
	1 – Asia Pacific Telecom co. Ltd
Support. RLF for NB-IoT and L1 mobility, and CHO for eMTC can be considered.

	2 – China Telecommunications
How to tackle masive IoT devices handover in a limited duration?

	3 – China Telecommunications
How to tackle with masive IoT devices handover in a limited duration?

	4 – Qualcomm Incorporated
Regarding mobility in connected mode, would this apply to eMTC, NB-IoT or both? If NB-IoT is considered, what techniques do you have in mind?


MediaTek Inc. would like to provide the following answers to the above questions:
Table 5:
	Questions
	Replies

	[Asia Pacific Telecom co. Ltd]
Support. RLF for NB-IoT and L1 mobility, and CHO for eMTC can be considered.
	Minor adjustments to existing mobility mechanisms can be considered to adapt functionality to NTN for: -legacy (Rel-17) neighbour cell measurements and corresponding measurement triggering before RLF. -legacy (Rel-17) NB-IoT carrier selection based on the coverage level, and associated carrier specific configuration.
Depending on Rel-17 progress, enhancements of signalling to support legacy (Rel-16) LTE Conditional Handover (CHO) for eMTC and RLF/reestablishment mechanisms for NB-IoT to mitigate packet interruption and signalling overhead could also be considered in the scope.

	[China Telecommunications]
How to tackle massive IoT devices handover in a limited duration?
	This is a good question. This is in scope of enhancements. Same answers as Asia Pacific Telecom above.

	[Qualcomm Incorporated]
Regarding mobility in connected mode, would this apply to eMTC, NB-IoT or both? If NB-IoT is considered, what techniques do you have in mind?
	For NB-IoT, same answers as Asia Pacific Telecom above (all techniques except LTE Conditional Handover (CHO) for eMTC).

	[Samsung Electronics Co.]	– moved from section
2.1.1
For both TN and NTN IoT, mobility enhancement is proposed. If mobility enh is applied to NTN, what additional new aspect (except NB IoT carrier selection) should be considered for NTN IoT on top of mobility enh to NTN?
	Same answers as Asia Pacific Telecom above.


Feedback Form 6: Round II Questions - Objective 2

MediaTek Inc. would like to provide the following answers to the above questions: To be filled in after Round II
 
RWS-210108 – URLLC Enhancements
Motivation
Companies are kindly invited to provide their questions to the following motivation:
Motivation:
· Capacity enhancements for latency-critical applications
· Due to the high reliability and small packet size, the control-to-data overhead ratio is larger compared toeMBB services
 
Feedback Form 7: Questions - Motivation
	1 – DOCOMO Communications Lab.
Thanks for sharing the ideas on URLLC enhancements. We would like to hear motivation to discuss URLLC enhancements in Rel-18. Do you have any new target use case or requirements compared to Rel16/17 URLLC, which may demand the proposed enhancements?

	2 – vivo Communication Technology
For CSI feedback for PDCCH, do you have further analysis on the potential gain? our observation was that due to coars granularity of PDCCH coding rate, it does not require very accurate CSI report, especially in URLLC case large aggregation level will typically be used anyway. Some periodic wideband CSI could be sufficient to adapt the used PDCCH AL infrequently.


3 – HUAWEI TECHNOLOGIES Co. Ltd.
Thank you very much for the contribution. Please find some questions for clarification as below:
Q1. For introducing intermediate aggregation levels, any example of potential candidate AL in your mind, e.g. smaller than AL 1 will be included or not?
Q2. Any evaluation on the potential performance for CSI of PDCCH?
MediaTek Inc. would like to provide the following answers to the above questions:
Table 6:
	Questions
	Replies

	[DOCOMO]
We would like to hear motivation to discuss URLLC enhancements in Rel-18. Do you have any new target use case or requirements compared to Rel16/17 URLLC, which may demand the proposed enhancements?
	The motivation is to improve the system capacity for existing use-cases and any potential new use-case. From the evaluation in R16 and R17 URLLC SI/WIs, it was evident that the number of supported UEs is very limited given the stringent requirements. Some of the enhancements in R16/R17 will help address this issue, but there is significant room for improvement.

	[vivo]
For CSI feedback for PDCCH, do you have further analysis on the potential gain? our observation was that due to coars granularity of PDCCH coding rate, it does not require very accurate CSI report, especially in URLLC case large aggregation level will typically be used anyway. Some periodic wideband CSI could be sufficient to adapt the used PDCCH AL infrequently.
 
[HUAWEI]
Any evaluation on the potential performance for CSI of PDCCH?
 
	Due to the required high reliability and the relatively small packets in URLLC services, the control-to-data overhead ratio is larger compared to eMBB services. Hence, optimizing link-adaptation for DL control is essential to maintain efficient system operation.
For the existing coarse granularity of PDCCH linkadaptation, any conservative selection of the AL (due to inaccurate CSI) will be very costly in terms of spectral efficiency and DL control blockage probability.
Also, we propose to have finer link-adaptation levels for PDCCH in R18. The aim is, with CSI for PDCCH and finer ALs, the link-adaptation and spectral efficiency for DL control to be comparable to the data channels.

	[HUAWEI]
For introducing intermediate aggregation levels, any example of potential candidate AL in your mind, e.g. smaller than AL 1 will be included or not?
 
	We see that at least intermediate ALs between the existing ALs (i.e. 3, 5, 6, 7, etc.) should be introduced. If other ALs show performance gains (e.g. < AL1 or other non-integer ALs), we are open to discussing them further.


Feedback Form 8: Round II Questions - Motivation

	1 – DOCOMO Communications Lab.
Thanks for the kind response. We understand your views on the motivation. Do you have any preference or view for the potential overlapping discussion between URLLC and XR? As you may know, capacity improvement is also important for XR and it should be one of the key discussion points for XR. We think the overlapping discussion should be avoided for better organization of RAN discussion. If the targeted use case is not related to IIoT but to URLLC such as audio-visual production in 22.263, it could be discussed together in XR SI/WI.

	2 – HUAWEI TECHNOLOGIES Co. Ltd.
Thank you very much for your response to first round question. For your response to A2, according to our analysis, in some cases e.g. factory scenario with coordinated mTRP transmission, the potential SINR is very high thus there is some chance to further reduce the aggretation level, even down to smaller than AL=1.


MediaTek Inc. would like to provide the following answers to the above questions:
To be filled in after Round II
Table 7:
	Questions
	Replies

	[Docomo]
Thanks for the kind response. We understand your views on the motivation. Do you have any preference or view for the potential overlapping discussion between URLLC and XR? As you may know, capacity improvement is also important for XR and it should be one of the key discussion points for XR. We think the overlapping discussion should be avoided for better organization of RAN discussion. If the targeted use case is not related to IIoT but to URLLC such as audio-visual production in 22.263, it could be discussed together in XR SI/WI.
	Indeed, latency/reliability enhancements for IIoT/URLLC can be utilized for other services, like XR and cloud-gaming.
As XR and cloud-gaming can be considered as eMBB applications rather than a new vertical, we don’t see a need for dedicated WI/SI for XR and cloud-gaming. System enhancements in terms of capacity, efficiency and power saving to be developed in Rel-18 can take the requirements of XR/cloudgaming into consideration.

	[Huawei]
Thank you very much for your response to first round question. For your response to A2, according to our analysis, in some cases e.g. factory scenario with coordinated mTRP transmission, the potential SINR is very high thus there is some chance to further reduce the aggretation level, even down to smaller than AL=1.
	Thank you for sharing your views. This information could be taken into consideration during the WI.


Objective 1
Companies are kindly invited to provide their questions to the following objective:
Objective: Improved DL control efficiency [RAN1, 2]
· CSI feedback for PDCCH:
· Different coding scheme used for PDCCH
· The observed interference on the PDCCH resources is different from PDSCH resources
· CSI reported for PDSCH doesn’t represent well the CSI for PDCCH-    Introducing intermediate aggregation levels:
· Limited link adaptation for PDCCH (only 5 aggregation levels) compared to PDSCH
 
Feedback Form 9: Questions - Objective 1
	1 – Nokia Germany

	-
CSI feedback for PDCCH had been discussed before – anything changed here?

	-
On the intermediate ALs: are we still talking about integer numbers here (e.g. 3, 5, 6, 7) or anything else? With a higher number of configured ALs, we may run into UE BD limitations – would we then also consider an increased number of BDs to be able to take full advantage of such enhancement?

	2 – Apple Italia S.R.L.
For DL control enhancements, is there any result that shows the performance vs cost/complexity tradeoff?
It is not clear how much gain can be achieved, but it introduces more complexity.


MediaTek Inc. would like to provide the following answers to the above questions:
Table 8:
	Questions
	Replies

	[Nokia]
CSI feedback for PDCCH had been discussed before – anything changed here?
 
	Although CSI feedback for PDCCH was proposed in R17 URLLC, it wasn’t in the scope of the WI and therefore wasn’t well investigated. In our view, a set of mechanisms could be introduced to enhance the performance of NR DL control, and one of them could be the CSI feedback for PDCCH.

	[Nokia]
On the intermediate ALs: are we still talking about integer numbers here (e.g. 3, 5, 6, 7) or anything else? With a higher number of configured ALs, we may run into UE BD limitations – would we then also consider an increased number of BDs to be able to take full advantage of such enhancement?
	We see that at least intermediate ALs between the existing ALs (i.e. 3, 5, 6, 7, etc.) should be introduced. If other ALs show performance gains (e.g. < AL1 or other non-integer ALs), we are open to discussing them further.
On the impact to the BDs, indeed, if the UE is configured with all the ALs (and multiple DCI formats as an example), it could increase the utilized BDs. However, we don’t envisage a need to increase the BDs limit as:
(1) it is not expected that the UE will be configured with all ALs, instead the UE will be configured with a subset.
(2) We see the existing BDs limit is sufficient to accommodate the introduction of the intermediate ALs. Nevertheless, the required BDs for the proposed enhancement can be evaluated part of the work.

	[Apple]
For DL control enhancements, is there any result that shows the performance vs cost/complexity tradeoff? It is not clear how much gain can be achieved, but it introduces more complexity.
	Due to the required high reliability and the relatively small packets in URLLC services, the control-todata overhead ratio is larger compared to eMBB services. Hence, optimizing link-adaptation is essential to maintain efficient system operation.
For the existing coarse granularity of PDCCH linkadaptation, any conservative selection of the AL (due to inaccurate CSI) will be very costly in terms of spectral efficiency and DL control blockage probability.
Also, we propose to have finer link-adaptation levels for PDCCH in R18. The aim is, with CSI for PDCCH and finer ALs, the link-adaptation and spectral efficiency for DL control to be comparable to the data channels.


Feedback Form 10: Round II Questions - Objective 1
1 – Nokia Germany
Thanks to Mediatek for the answers and clarifications.
Some minor comments still on objective I:
1. Similar to other companies comments, we are not sure about the real advantages (gain vs. pain) ofCSI feedback for PDCCH. Especially, as in contrast to PDSCH the link adaptation would need to be done through RRC reconfiguration (and cannot be quickly changed dynamically)
2. On AL<1: What is the motivation for AL<1, if we talk about URLLC (and related reliability there)? Wegot the ‘compact’ DCI formats 0_2 and 1_2, but they are not that small either….
MediaTek Inc. would like to provide the following answers to the above questions:
To be filled in after Round II
Table 9:
	Questions
	Replies

	[Nokia]
Thanks to Mediatek for the answers and clarifications.
Some minor comments still on objective I:
1. Similar to other companies comments, we arenot sure about the real advantages (gain vs. pain) ofCSI feedback for PDCCH. Especially, as in contrast to PDSCH the link adaptation would need to be done through RRC reconfiguration (and cannot be quickly changed dynamically)
2. On AL<1: What is the motivation for AL<1, ifwe talk about URLLC (and related reliability there)? We got the ‘compact’ DCI formats 0_2 and 1_2, but they are not that small either….
	Thank you for the further comments.
1) For PDCCH, link-adaptation is done dynamically by selecting the appropriate AL (out of the configured ALs). So, there is possible gain by obtaining proper CSI for PDCCH.
2) The usage of the ALs depends on several factors (e.g. operating band, deployment, etc.). Thus, even for low BLER targets (e.g. 10-5), the usage of AL1 could be about 35% as shown in some of the evaluations in the Rel-16 SI (see Table-2 in R1-1901822).


Objective 2
Companies are kindly invited to provide their questions to the following objective:
Objective: NR-U Enhancements [RAN1, 2]
· Increase UL Tx opportunities (PUSCH, PUCCH, SR) in frequency/time domain: to reduce the impact ofchannel access blockage
· PDCCH monitoring enhancements across LBT bands: Splitting the CCEs/BDs budget across LBT BWsincluding the unsuccessful LBTs compromises the reliability of control channel
· Enable NR-U features via compact DCI
 
Feedback Form 11: Questions - Objective 2
	1 – Nokia Germany

	-
Support of compact DCI for NR-U is being discussed as part of Rel-17. Should wait outcome of Rel.-17 discussions before proposing this for Rel-18.

	-
Increase UL Tx opportunities was already discussed for Rel-16 and Rel-17 WI. Is the intention to focus on URLLC in uncontrolled environments? For NR-U, focus of Rel-16 was on eMBB and Rel-17 was URLLC in controlled environments. About PDCCH monitoring, could you clarify the

	enhancements and advantages vs. PDCCH mirroring feature introduced for NR-U in Rel-16?

	2 – Intel Corporation (UK) Ltd
Q1: For Unlicensed URLLC, do you assume semi-static channel access or dynamic or both? Which enhancements would be needed for dynamic channel access?
Q2: For operation over multiple LBT BW, do you also consider further enhancing UL UE transmission only on a subset of LBT BW on which CCA passed successfully?

	3 – Apple Italia S.R.L.
1. Can you please elaborate more on “Increase UL Tx opportunities (PUSCH, PUCCH, SR) in frequency/time domain: to reduce the impact of channel access blockage”?
2. The proposed PDCCH monitoring enhancements across LBT bands was discussed in Rel-16 alreadyand not agreed. We do not see the need to reopen the discussion.
3. Enabling NR-U features via compact DCI is currently being discussed in Rel-17.


MediaTek Inc. would like to provide the following answers to the above questions:
Table 10:
	Questions
	Replies

	[Nokia]
Support of compact DCI for NR-U is being discussed as part of Rel-17. Should wait outcome of Rel.-17 discussions before proposing this for Rel-18.
 
[Apple]
EnablingNR-UfeaturesviacompactDCIiscurrently being discussed in Rel-17.
 
	Indeed, for the NR-U features introduced in R17URLLC, there is a discussion to enable these features via compact DCI. If RAN1 managed to enable via compact DCI all the relevant NR-U features in R17, then we don’t see a need to revisit the topic in R18. Otherwise, we see it is beneficial to address any leftovers of this discussion in R18.

	[Nokia]
Increase UL Tx opportunities was already discussed for Rel-16 and Rel-17 WI. Is the intention to focus on URLLC in uncontrolled environments? For NR-U, focusofRel-16wasoneMBBandRel-17wasURLLC in controlled environments.
 
	Regarding increasing UL Tx opportunities, focusing on URLLC in uncontrolled environments for this feature would be valid approach given that this where channel access blockage will occur more. However, we think this feature will be useful for controlled environments as well because the channel access blockage is not completely eliminated in these environments.



	[Nokia]
About PDCCH monitoring, could you clarify the enhancements and advantages vs. PDCCH mirroring feature introduced for NR-U in Rel-16?
	Splitting the CCEs/BDs budget across LBT BWs including the unsuccessful LBTs compromises the reliability of control channel because the limit on the #CCEs may not allow configuring high ALs. A straightforward approach is to increase the UE BDs/CCEs limit (like what is done in URLLC-R16), but we think more efficient approaches can be adopted to reduce the impact of this issue on the system performance. For example, using DCI with very small payload size to indicate successful LBT BWs can ensure higher ALs are avoided.

	[Intel]
For Unlicensed URLLC, do you assume semi-static channel access or dynamic or both? Which enhancements would be needed for dynamic channel access?
	We didn’t consider a restriction to a specific channel access (semi-static or dynamic). We see all mentioned enhancements as useful for URLLC operation in unlicensed bands with dynamic channel access.

	[Intel]
For operation over multiple LBT BW, do you also consider further enhancing UL UE transmission only on a subset of LBT BW on which CCA passed successfully?
	Yes, the aim is to enable the UL transmission on the LBT BW or a subset of LBT BWs where CCA passed successfully.

	[Apple]
Can you please elaborate more on “Increase UL Tx opportunities (PUSCH, PUCCH, SR) in frequency/time domain: to reduce the impact of channel access blockage”?
	For a UE configured with multiple LBT BWs, if the CCA wasn’t successful on the LBT BW where the
UL transmission is scheduled/configured, the transmission will not go ahead even if the other LBT BWs are unoccupied. By configuring/scheduling the UE with multiple UL Tx opportunities, the transmission cangoaheadontheLBTBWwhereCCApassedsuccessfully.

	[Apple]
The proposed PDCCH monitoring enhancements across LBT bands was discussed in Rel-16 alreadyand not agreed. We do not see the need to reopen the discussion.
 
	This was discussed in the context of eMBB. Given therequiredfrequentPDCCHmonitoringinURLLC, theissuewillbemoreprominentandhasmoreimpact on the latency and/or reliability. Thus, we see it is essential to address this issue for efficient URLLC operation in unlicensed bands.


Feedback Form 12: Round II Questions - Objective 2

MediaTek Inc. would like to provide the following answers to the above questions:
To be filled in after Round II
 
Objective 3
Companies are kindly invited to provide their questions to the following objective:
Objective: UE processing time reduction for FR2 [RAN1]
 
Feedback Form 13: Questions - Objective 3
	1 – Nokia Germany
Clearly this has been on the table earlier. Should potential enhancements only focus on FR2 (i.e. UE cap.
2 for FR2) or also consider enhancements for FR1 (i.e. UE cap. 3 for FR1)?

	2 – Intel Corporation (UK) Ltd
For reduction of FR2 processing time numbers, could you clarify whether you consider any scheduling / data rate / BW restriction to achieve that?

	3 – Apple Italia S.R.L.
Further UE processing time reduction was discussed in Rel-16 and was not agreed. We do not see the need to discuss it again.


MediaTek Inc. would like to provide the following answers to the above questions:
Table 11:
	Questions
	Replies

	[Nokia]
Clearly this has been on the table earlier. Should potential enhancements only focus on FR2 (i.e. UE cap. 2 for FR2) or also consider enhancements for FR1 (i.e. UE cap. 3 for FR1)?
	Given that there is no Capability#2 defined for FR2, we see it is more beneficial (from latency perspective) to reduce the processing timeline for FR2.
For FR1, as there already Capability#2 defined, the expected gain from reducing the UE processing timeline will be limited, and it is more complex from UE implementation.

	[Intel]
For reduction of FR2 processing time numbers, could you clarify whether you consider any scheduling / data rate / BW restriction to achieve that?
	This will depend on the amount of reduction of FR2 processing time. It is expected some level of processing timeline reduction can be achieved without imposing scheduling restrictions. However, large reductions could require some scheduling restrictions to make the UE implementation feasible/practical.

	[Apple]
Further UE processing time reduction was discussed in Rel-16 and was not agreed. We do not see the need to discuss it again.
	ItwasshownduringR16URLLCSIthatreducingthe processing timeline can help in reducing the transmission delay and meeting the latency budget. The discussion in R16 was mainly focused on FR1 Capability#3, which understandably more complex from UE implementation and the gain is limited. Here, the focus on FR2 and see it is beneficial from latency perspective to reduce the processing timeline for FR2.


Feedback Form 14: Round II Questions - Objective 3

MediaTek Inc. would like to provide the following answers to the above questions: To be filled in after Round II
 
RWS-210096 – MBS Enhancements
Motivation
Companies are kindly invited to provide their questions to the following motivation:
Motivation:
· Improved MBS service quality, reliability and diversity via service continuity and wider QoS support
· Improve deployment flexibility, efficiency and coverage via wider SFN (i.e. across DUs)
 
Feedback Form 15: Questions - Motivation
1 – Classon Consulting
[for FUTUREWEI]
SFN is interesting. What is your intent for numerology/CP?
	2 – HUAWEI TECHNOLOGIES Co. Ltd.
[Huawei, HiSilicon] Q1on the part: ” Simultaneous transmission of ≥2 MBS services over the same frequency resources
• Simultaneous transmission between unicast and MBS service over the same frequency resources”. Does this mean MUST or LCH multiplexing ?

	3 – BBC
BBC supports the evolution of NR MBS under Rel-18. 

	4 – Qualcomm Incorporated
Looking at the TUs table (slide 4), this WI is expected to be one of the bigger ones. Is that correct understanding?

	5 – CATT
Thanks for the contribution. Generally, we support NR MBS enh. in Rel-18.

	6 – Lenovo (Beijing) Ltd
Thanks for the contribution. Regarding 3rd objective, could you elaborate how to enable simultaneous transmission between unicast and MBS service over the same frequency resources? Do you mean M-TRP use case where one TRP transmits unicast and another TRP transmits MBS simultaneously?

	7 – ZTE Corporation
Do you think the market need for features like wider SFN for MBS be met by Rel-16 LTE based 5G
Terrestrial Broadcast?


MediaTek Inc. would like to provide the following answers to the above questions:
Table 12:
	Questions
	Replies

	[FUTUREWEI]
SFN is interesting. What is your intent for numerology/CP?
	In order to support cross cell based SFN in a larger area, extendedCPmaybeneeded. Weintendtoavoid big physical layer impact.

	[HUAWEI TECHNOLOGIES Co. Ltd.]
On the part: ” Simultaneous transmission of ≥2 MBS services over the same frequency resources
• Simultaneous transmission between unicast and MBS service over the same frequency resources”.
  Does this mean MUST or LCH multiplexing?
	Our intention is to study the DL superposition coding (MUST alike ) scheme between two or multiple MBS services, and between unicast and broadcast services.

	[BBC]
BBC supports the evolution of NR MBS under Rel-18.
	Thanks for the support

	[Qualcomm Incorporated]
Looking at the TUs table (slide 4), this WI is expected to be one of the bigger ones. Is that correct understanding?
	Yes this is big item. However, for the Simultaneous transmission part, we can consider the possibility to set up a separate study to evaluate different solutions.

	[CATT]
Thanks for the contribution. Generally, we support NR MBS enh. in Rel-18.
	Thanks for the support

	[Lenovo (Beijing) Ltd]
Thanks for the contribution. Regarding 3rd objective, could you elaborate how to enable simultaneous transmission between unicast and MBS service over the same frequency resources? Do you mean M-TRP use case where one TRP transmits unicast and another TRP transmits MBS simultaneously?
	Our intention is to study the DL superposition coding (MUST alike) scheme between two or multiple MBS services, and between unicast and broadcast services. Basically two services can be multiplexed at the same frequency resources. E.g. they can be modulated by different MCS and then map to different OFDM symbols.

	[ZTE Corporation]
Do you think the market need for features like wider SFN for MBS be met by Rel-16 LTE based 5G Terrestrial Broadcast?
	We see value in developing the NR based MBS solution to meet the market need.


Feedback Form 16: Round II Questions - Motivation

MediaTek Inc. would like to provide the following answers to the above questions:
To be filled in after Round II
Objective 1
Companies are kindly invited to provide their questions to the following objective:
Objective: Enable SFN type operation to support multiple cell x-DU transmission [RAN2, 1, 3, 4]
· New configuration (e.g. via system information) for service continuity
· Evaluate the need for extended CP
 
Feedback Form 17: Questions - Objective 1
1 – Classon Consulting
[for FUTUREWEI]
SFN is interesting. What is your intent for numerology/CP?

	2 – BBC
 Are you considering changes in sub-carrier spacing and/or CP? 

	-
We have concerns that significant changes in UEs may hinder the deployment of the feature. As stated in our contribution [RWS-210133] and being discussed under [RAN-R18-WS-crossFunc-BBC] in
NWM,webelievewidespreadfeaturesupportinhandsetsessential. SpeciallyforUEsinRRC_IDLE/INACTIVE that may not be able to signal back to the gNB the capability, enhancements that force significant changes in the UEs may limit the reach of Multicast and Broadcast.

	-
Considerations should be taken in whether simulcasting two signals (with different CPs) would be overall beneficial to the system spectral efficiency.

	-
Another aspect to consider is whether the reference signals frequency sampling (assuming are unchanged) can cope with the additional channel selectivity from deployments with larger ISDs and therefore extended CPs. 

	3 – Qualcomm Incorporated
· Is the ”need for extended CP” potentially for supporting large-area SFN?
· Do you envision a dedicated band using extended CP for SCS other than 60kHz, i.e., no unicast?
· Rel-17 already supports intra-DU SFN. In our view, wide Area SFN adds complexity without improving efficiency in dense deployments.

	4 – CATT
Question for clarification: In your understanding what’s the physical impact to further support sfn in R18?
e.g., does it require new scs and or cp? any impact if co-existence with legacy UEs are needed?

	5 – ZTE Corporation
thanks for the contribution, here are our questions:

	-
Do you see the need to support reception of MBSFN and unicast in the same cell?

	-
How can the resource allocation coordinated among DUs for MBSFN without violating current RAN architecture and operation principle?

	-
What do you mean by “new configuration for service continuity”? Could you elaborate a little bit on the “new configuration”?

	6 – Ericsson LM
Is “Evaluate the need for extended CP” limited to ECP with existing SCSs or is the intention also to study other SCs?


MediaTek Inc. would like to provide the following answers to the above questions:
Table 13:
	Questions
	Replies

	[FUTUREWEI]
SFN is interesting. What is your intent for numerology/CP?
	In order to support cross cell based SFN in a bit larger area, extendedCPmaybeneeded. Weintendtoavoid big physical layer impact.

	[BBC]
 Are you considering changes in sub-carrier spacing and/or CP?
· We have concerns that significant changes in UEs mayhinderthedeploymentofthefeature. Asstatedin our contribution [RWS-210133] and being discussed under [RAN-R18-WS-crossFunc-BBC] in NWM, we believe wide spread feature support in handsets essential. Specially for UEs inRRC_IDLE/INACTIVE that may not be able to signal back to the gNB the capability, enhancements that force significant changes in the UEs may limit the reach of Multicast and
Broadcast.
· Considerations should be taken in whether simulcasting two signals (with different CPs) would be overall beneficial to the system spectral efficiency. - Another aspect to consider is whether the reference signals frequency sampling (assuming are unchanged) can cope with the additional channel selectivity from deployments with larger ISDs and therefore extended CPs.
	In order to support cross cell based SFN in a bit larger area, extended CP may be needed.
We intend to avoid big physical layer impact. We share the same concern on the significant changes at the UE.
We can work on the solution to make both normal CP and extended CP be co-existing in order to avoid backward compatibility for legacy UEs.

	[Qualcomm Incorporated]
· Is the ”need for extended CP” potentially for supporting large-area SFN?
· Do you envision a dedicated band using extended CP for SCS other than 60kHz, i.e., no unicast?
· Rel-17 already supports intra-DU SFN. In our view, wide Area SFN adds complexity without improving efficiency in dense deployments.
	Yes extended CP is support a bit large area SFN based reception for the UE. We think the starting point is to reuse the same band with unicast. However it may be possible to host the MBS transmission within a dedicated band.
In our view, intra-DU SFN supported by Rel-17 means a small SFN area. 

	[CATT]
Question for clarification: In your understanding what’s the physical impact to further support sfn in R18? e.g., does it require new scs and or cp? any impact if co-existence with legacy UEs are needed?
	In order to support cross cell based SFN in a bit larger area, extended CP may be needed.
We intend to avoid big physical layer impact.
We can work on the simple solution to make both normal CP and extended CP be co-existing in order to avoid backward compatibility for legacy UEs.

	[ZTE Corporation]
Thanks for the contribution, here are our questions: - Do you see the need to support reception of MBSFN and unicast in the same cell?
· How can the resource allocation coordinated among DUs for MBSFN without violating current RAN architecture and operation principle?
· What do you mean by “new configuration for service continuity”? Could you elaborate a little bit on the “new configuration”?
	(1) We think we should consider the reception of both SFN based MBS service and unicast service in the same cell.
(2) Weassume the resource allocation within the DUs hosted by one CU can be coordinated by the CU if dynamic coordination is needed. In case of static resource allocation, it may be simply supported via standards transparent way.
(3) The “new configuration for service continuity” means a similar mechanism as specified in SIB-15 for LTE.  

	[Ericsson LM]
Is “Evaluate the need for extended CP” limited to ECP with existing SCSs or is the intention also to study other SCs?
	Our intention is to limit the ECP with existing SCSs.


Feedback Form 18: Round II Questions - Objective 1
	1 – ZTE Corporation
Thanks for the reply and clarifications. We have below further questions/clarifications:
- on SIB 15 like mechanism. This is an independent feature from SFN operation in our view. Do you think this could be done in Rel-17 (i.e., we don’t need to wait till Rel-18).

	2 – ZTE Corporation
- In the 1st round of Q&A, you mentioned “We think we should consider the reception of both SFN based MBS service and unicast service in the same cell.”, if different SCS/CP is used for MBS and unicast, then how to guarantee simultaneous reception of FDMed MBS and unicast, or only TDMed reception of MBS and unicast is allowed?


MediaTek Inc. would like to provide the following answers to the above questions:
To be filled in after Round II
 
Table 14:
	Questions
	Replies

	[ZTE]
Thanks for the reply and clarifications. We have below further questions/clarifications:
· on SIB 15 like mechanism. This is an independent feature from SFN operation in our view. Do you think this could be done in Rel-17 (i.e., we don’t need to wait till Rel-18).
· In the 1st round of Q&A, you mentioned “We think we should consider the reception of both SFN based MBS service and unicast service in the same cell.”, if different SCS/CP is used for MBS and unicast, then how to guarantee simultaneous reception of FDMed MBS and unicast, or only TDMed reception of MBS and unicast is allowed?
 
	Thanks for the further questions.
(1) Some of the configurations within LTE SIB15 is independent from SFN operation. Some IE may be applicable to MBS SFN transmission. The service area of the SIB may be specified within Rel-17 depending on the progress of the corresponding discussion at 3GPP SA2.
(2) When we say “we should consider the reception of both SFN based MBS service and unicast service in the same cell”, we mainly consider the scenario where MBS service (by SFN) and unicast service are transmitted via TDM manner i.e. there is no multiplexing at the same slot, due to the different CP length. The assumption here is if extended CP is agreed for MBS SFN operation, one or multiple dedicated slot(s) may be occupied by MBS SFN transmission if the extended CP is configured in the cell.   


Objective 2
Companies are kindly invited to provide their questions to the following objective:
Objective: Reliability Improvement (continuation) [RAN2, 1]
· Support MBS applications with more stringent QoS requirements e.g. public safety
· L2 feedback and retransmission at PDCP
· [L1 leftovers]
 
Feedback Form 19: Questions - Objective 2
	1 – Qualcomm Incorporated
We agree reliability improvement continuation should be part of Rel-18 work. But, to support MBS with more stringent QoS requirements, why is L2 feedback and retx specifically limited to PDCP only?

	2 – CATT
open to discuss. but a genearl comment: this has been discussed (extensively) in r17, if this is re-visted in r18 we need to consider complexity as well as work load.

	3 – ZTE Corporation

	-
Can you elaborate more on L2 reliability?

	-
Do you think the same complexity issues still applies to the next releases?

	4 – Nokia France
Could you be more precise on what ”more stringent QoS requirements” you have in mind please?


MediaTek Inc. would like to provide the following answers to the above questions:
Table 15:
	Questions
	Replies

	[Qualcomm Incorporated]
We agree reliability improvement continuation should be part of Rel-18 work. But, to support MBS with more stringent QoS requirements, why is L2 feedback and retx specifically limited to PDCP only?
	Thanks for the good question. We are actually open to discuss the L2 feedback and retx at PDCP or RLC. From Rel-18 perspective, there should be no need to limit the reliability improvement discussion at PDCP.

	[CATT] open to discuss. but a genearl comment: this has been discussed (extensively) in r17, if this is re-visted in r18 we need to consider complexity as well as work load.
	Weagreeonthefactthattherearelotsofdiscussionat Rel-17. Meanwhile we think that during the discussion at Rel-17, companies prefer to specify a simple solution and in Rel-18 more reliability improvement discussion is needed to meet more stringent reliability requirements of some services.

	[ZTE Corporation]
· Can you elaborate more on L2 reliability?
· Do you think the same complexity issues still applies to the next releases?
	(1) L2 reliability is L2 feedback and retx at PDCP or RLC, as a follow up discussion of Rel-17.
(2) Rel-18 is a big release, which should allow more discussion than Rel-17.


Feedback Form 20: Round II Questions - Objective 2

MediaTek Inc. would like to provide the following answers to the above questions:
To be filled in after Round II
 
Objective 3
Companies are kindly invited to provide their questions to the following objective:
Objective: Efficiency enhancement for broadcast [RAN1, 2, 4]
· Simultaneous transmission of ≥2 MBS services over the same frequency resources
· Simultaneous transmission between unicast and MBS service over the same frequency resourcesNOTE:     Same efficiency as for ATSC3.0
 
Feedback Form 21: Questions - Objective 3
	1 – BBC

	-
regarding the sub-bullet “Simultaneous transmission between unicast and MBS service over the same frequency resources” is your proposal a superposition transmission between a group-common PDSCH (carrying broadcast or multicast) and unicast PDSCH?
In our RWS-210132 and discussion thread [RAN-R18-WS-non-eMBB-BBC], we also propose as a potentialNRMBSenhancementBroadcast/MulticastandUnicastSuperpositionTransmission(BMUST), which is shown to provide significant performance improvement over orthogonal (TDM/FDM) multiplexing approaches.

	2 – Guangdong OPPO Mobile Telecom.
Does simultaneous mean FDMed transmission? What is the difference between the proposed simultaneous transmission and Rel-17 MBS FDMed PDSCHs receptions?
Rel-17 MBS supports FDMed receptions of more than one PDSCHs of (unicast & multicast) and (multicast & multicast).

	3 – Qualcomm Incorporated

	-
For the simultaneous transmission (both M+M or M+U), what is the exact technique you had in mind?
MIMO, MUST?

	-
What does ”same efficiency as for ATSC3.0” refer to, e.g. which efficiency metric? Under what deployment scenario?

	4 – CATT
regarding this part ’Simultaneous transmission of ≥2 MBS services over the same frequency resources’,

	-
could you clarify what is the main benefit, and

	would there by complexity concern from ue side?

	5 – ZTE Corporation

	-
For object III, are you referring to SDM or MUST transmission within the same time-frequency resource?

	-
Can the requirement of traditional broadcaster (features including FTA/ROM, ATSC3.0 level of efficiency) be met by Rel-16 LTE based 5G Terrestrial Broadcast?

	6 – Ericsson LM
What do you think will be missing in the Rel.17 Uu interface to address inter-cell(DU) SFN?

	7 – Nokia France
Could you elaborate on what you mean by ”Simultaneous transmission ... over the same frequency resources” - are you referring to some kind of multi-layer transmission at the physical layer, or simply simultaneous from the application perspective on a given carrier/cell?


MediaTek Inc. would like to provide the following answers to the above questions:
Table 16:
	Questions
	Replies

	[BBC]
Regarding the sub-bullet “Simultaneous transmission between unicast and MBS service over the same frequency resources” is your proposal a superposition transmission between a group-common PDSCH (carrying broadcast or multicast) and unicast PDSCH?
In our RWS-210132 and discussion thread [RANR18-WS-non-eMBB-BBC], we also propose as a potential NR MBS enhancement Broadcast/Multicast and Unicast Superposition Transmission(BMUST), which is shown to provide significant performance improvement over orthogonal (TDM/FDM) multiplexing approaches.
	Our intention is to study the DL superposition coding (MUST alike) scheme between two or multiple MBS services, and between unicast and broadcast services. Basically two services can be multiplexed at the same frequency resources. E.g. they can be modulated by different MCS and then map to different OFDM symbols.
Our first consideration is actually non orthogonal based FDM multiplexing approach.



	[Guangdong OPPO Mobile Telecom]
Does simultaneous mean FDMed transmission? What is the difference between the proposed simultaneous transmission and Rel-17 MBS FDMed PDSCHs receptions?
Rel-17 MBS supports FDMed receptions of more than one PDSCHs of (unicast & multicast) and (multicast & multicast).
	The intention is to support the multiplexing in terms of DL MUST/DL NOMA like approach. Rel-17 MBS FDMed PDSCHs receptions is still orthogonal based transmission.

	[Qualcomm Incorporated]
· For the simultaneous transmission (both M+M or M+U), what is the exact technique you had in mind? MIMO, MUST?
· What does ”same efficiency as for ATSC3.0” refer to, e.g. which efficiency metric? Under what deployment scenario?
	The intention is to support the multiplexing in terms of DL MUST/DL NOMA like approach. Meanwhile weareopentotalkaboutMIMOrelatedsolutionalso.
 
ATSC3.0 supports to transmit two different broadcast services at the same T/F resources at two different layers (one is core layer, and the other is enhanced layer), which maximize the spectrum utilization.
 
ATSC3.0 allows the UE just receive the core layer (e.g. low MCS) and other UEs can receive both core layer (e.g. low MCS) and enhanced layer (e.g. high MCS). The UE receiving both core layer and enhanced layer is usually in cell centre.   

	[CATT]
Regardingthispart’Simultaneoustransmissionof≥2 MBS services over the same frequency resources’, - could you clarify what is the main benefit, and would there by complexity concern from ue side?
	In this case, the data of two MBS services or two different streams of a particular MBS service can be multiplexed before precoding and OFDM modulation at network side (DL NOMA like). Then SIC based reception may be required at UE side. The benefit of this type of Simultaneous transmission:
- More efficient and flexible usage of the spectrum.  it can superimpose multiple different data packet in one RF channel and use the same T/F domain resource (different code/power domain can differentiate different user services or user data packet ) - Convergence of PTP and PTM. Different transmission mode can be delivered by different NOMA layer.

	[ZTE Corporation]
- For object III, are you referring to SDM or MUST transmission within the same time-frequency resource?
-Cantherequirementoftraditionalbroadcaster(features including FTA/ROM, ATSC3.0 level of efficiency) be met by Rel-16 LTE based 5G Terrestrial Broadcast?
	We are referring to the similar mechanism like DL MUST. We do not think Rel-16 LTE based 5G Terrestrial Broadcast has some support.

	[Ericsson LM]
What do you think will be missing in the Rel.17 Uu interface to address inter-cell(DU) SFN?
	From Uu interface perspective, inter-cell(DU) SFN requires Extended CP at L1 or some RRC configuration.


Feedback Form 22: Round II Questions - Objective 3
	1 – BBC
Regarding your comments to Objective 3, thank you for the clarifications. We also support studying superposition transmission of broadcast/multicast and unicast for Rel-18. We also agree with your proposed approach of starting with a Study Item (either as part of MBS or a separate SI). 

	2 – ZTE Corporation
Thanks for the clarification. We are open and interested in more discusions on such DL NOMA like mechanism.


MediaTek Inc. would like to provide the following answers to the above questions:
To be filled in after Round II
 
Table 17:
	Questions
	Replies

	[BBC]
Regarding your comments to Objective 3, thank you for the clarifications. We also support studying superposition transmission of broadcast/multicast and unicast for Rel-18. We also agree with your proposed approach of starting with a Study Item (either as part of MBS or a separate SI).
	Thanks for the constructive comments.
 
Referring to the discussion we had during 3GPP RAN1 at both MUST and LTE Territorial Broadcast, now we have plenty of background information for our further work on the superposition transmission for broadcast services.
 
We support to start a new study item to focus on the efforts to improve the efficiency of broadcast transmission considering that NR MBS in Rel-18 already has a big scope based on the discussion so far.  

	[ZTE]
Thanks for the clarification. We are open and interested in more discusions on such DL NOMA like mechanism.
	Thanks for the constructive comments.
 
Applying the superposition transmission to LTE Territorial Broadcast was discussed during Rel-16 and there were quite some positive evaluations at that time. 
 
It is proposed to evaluate and discuss the solutions in the context of NR (i.e. apply DL MUST/DL NOMA to NR MBS) during Rel-18.  


RWS-210109 – NR RedCap Enhancements
Motivation
Companies are kindly invited to provide their questions to the following motivation:
Motivation:
· Support higher energy and cost efficiency through PA-less operation e.g. for energy-efficient SL operation
· Enable Positioning (in corresponding Positioning Enhancements WI)
· No NR LPWA i.e. no max BW reduction below 20MHz that would otherwise cause undue majorfragmentation preventing economies of scale RedCap requires for actual cost reduction.
 
Feedback Form 23: Questions - Motivation
	1 – Classon Consulting
FUTUREWEI supports studying redcap positioning, but should be in positioning not redcap (seems you have a similar view).

	2 – Spreadtrum Communications
Thanks for the further considerations for RedCapwe are also interested in the higher energy and cost efficiency, but when the transmission power is reduced(e.g.define lower power class), how to guarantee the UL coverage, repetition? A large number of repetitions will increase the active time of the UE, the power may not be saved.

	3 – vivo Communication Technology
We are very much supportive on PA-less operation (i.e. lower power class), we also have a paper RWS210171 (https://nwm-trial.etsi.org/#/documents/4692) to discuss about this issue. Just would like to understand what power level does Mediatek consider for PA-less operation? For the use case, we think SL is definitely applicable, we think Uu should also be considered for at least for devices targeting short range communication, e.g. indoor industrial devices. We wonder if Mediatek also consider the applicability to Uu.

	4 – Sony Europe B.V.
· Does PA-less operation only apply to the SL link, or also to the Uu link?
· It is stated that the energy efficiency of PA-less operation is higher. Given that the data rate supportedwith a lower transmit power will be lower, won’t the device need to be “on” for longer, increasing energy consumption

	5 – Intel Corporation (UK) Ltd
Are you expecting RAN1 involvement to decide on target performance and achievability with existing design

	6 – Qualcomm Incorporated
1) could PA-less operation apply to Uu link as well ? what is the impact of PA-less operation on mobility ?
2) What is the expected power class(es) for PA-less operation ? How about the range of MCS for PA-less operation ?
3) What is your view on SL positioning ? Could it be supported by PA-less operation as well ?
4) In addition to PA cost reduction, what are the other features that can be considered for UE complexity reduction and power saving in R18 eRedCap ?
5) What is your view on studying LP-WUR and/or new WUS waveform (different from R16 WUS and R17 PEI) for R18 eRedCap ?

	7 – Guangdong OPPO Mobile Telecom.
Q1) Main point is the proposed PA less operation. What is the working scope for other than RAN4?
Q2) PA less operation for SL only ? Could it apply to Uu?

	8 – LG Electronics Inc.
Thanks for the contribution. We have the following questions.
Q1) What is the motivations of sidelink support for RedCap UEs from your perspective?
Q2) Lower UE power class means smaller coverage. Is the proposed lower UE power class intended for smaller coverage? If yes, can you explain the use case scenarios you have in mind for the lower UE power class? Do you also propose to consider the coverage enhancement techniques as in LTE MTC and NB-IoT?
Q3) Regarding your proposal on positioning, do you intend to support RedCap positioning with the performance comparable to the non-RedCap UEs, or with higher accuracy than the non-RedCap UEs?

	9 – Samsung Electronics Co.
What is the main motivation/use case for introducing a low power class in Rel-18?


MediaTek Inc. would like to provide the following answers to the above questions:
Table 18:
	Questions
	Replies



	On Positioning:
 
[Futurewei]
FUTUREWEI supports studying redcap positioning, but should be in positioning not redcap (seems you have a similar view).
[Qualcomm]
What is your view on SL positioning? Could it be supported by PA-less operation as well?
[LGE]
Regarding your proposal on positioning, do you intend to support RedCap positioning with the performance comparable to the non-RedCap UEs, or with higher accuracy than the non-RedCap UEs?
	We see positioning, along with SL positioning, as a useful Rel-18 feature that can be used for RedCap and non-RedCap devices. Therefore we expect this discussion to take place in a generic positioning WI to have all the relevant experts in the same place.
 
On the operation of SL positioning along with a PAless device, we see no reason to preclude this option, with the understanding that this would be used in limited scenarios. We are not aiming to optimise positioning performance for PA-less operation.
 
On the question on positioning performance, we do not see a strong need to improve RedCap accuracy beyond non-RedCap UEs.

	On the motivation and use-cases for PA-less operation:
 
[vivo]
For the use case, we think SL is definitely applicable, we think Uu should also be considered for at least for devices targeting short range communication, e.g. indoor industrial devices. We wonder if Mediatek also consider the applicability to Uu.
[Sony]
Does PA-less operation only apply to the SL link, or also to the Uu link?
[Qualcomm]
Could PA-less operation apply to Uu link as well?
[Oppo]
PA less operation for SL only ? Could it apply to Uu?  [LGE]
Lower UE power class means smaller coverage. Is the proposed lower UE power class intended for smaller coverage? If yes, can you explain the use case scenarios you have in mind for the lower UE power class?
[Samsung]
What is the main motivation/use case for introducing a low power class in Rel-18?
 
	We see PA-less operation as applicable to smaller/local deployments such as indoor and factory environments where the Uu interface would be used. We also see it as useful in LAN/PAN scenarios where devices that are close to each other communicate using the PC5 interface. As an example, a smartphone and a companion wearable communicate using sidelink, and SL relaying is used for the wearable to communicate with the PLMN.
 
We see PA-less operation as a simple cost and power consumption focussed enhancement for RedCap UEs, which does not break economies of scale.



	On the power levels for PA-less operation:
 
[vivo]
What power level does Mediatek consider for PA-less operation?
[Qualcomm]
What is the expected power class(es) for PA-less operation ? How about the range of MCS for PA-less operation ?
	The intention is to focus on similar power classes as introduced for IoT in LTE, i.e. PC5 (20dBm) and PC6 (14dBm).
 
Given the limited set of scenarios where PA-less devices would be used (described in the reply above), we do not foresee a need for coverage compensation associated with lower power class operation (as it can be achieved by other means, e.g. relaying). Therefore we do not expect changes to the existing MCS range.

	On the coverage aspects of PA-less operation:
 
[Spreadtrum]
Thanks for the further considerations for RedCap. We are also interested in the higher energy and cost efficiency, but when the transmission power is reduced(e.g.define lower power class), how to guarantee the UL coverage, repetition? A large number of repetitions will increase the active time of the UE, the power may not be saved.
 [Sony]
It is stated that the energy efficiency of PA-less operation is higher. Given that the data rate supportedwith a lower transmit power will be lower, won’t the device need to be “on” for longer, increasing energy consumption
 [LGE]
Do you also propose to consider the coverage enhancement techniques as in LTE MTC and NB-IoT?
	We are not targeting the same coverage as a R17 RedCap, but see the use of PA-less operation in a subset of deployments over a small area as described in our replies above. Therefore, these devices do not need further coverage enhancements. Similarly, we do not expect a reduction in data rate or an increase in energy consumption due to longer ‘on’ durations.

	[Qualcomm]
What is the impact of PA-less operation on mobility?
	In case of PA-less operation over smaller/local deployments mobility will not be an issue. In case of larger deployments, augmenting a RedCap device with a companion relaying device (e.g. RedCap wearable info relayed by a companion smartphone) can help avoid mobility issues.

	[Oppo]
Main point is the proposed PA less operation. What is the working scope for other than RAN4?
	We expect the primary working scope to be RAN4 focussed.

	[Qualcomm]
In addition to PA cost reduction, what are the other features that can be considered for UE complexity reduction and power saving in R18 eRedCap?
	Given the extensive discussions in Rel-17, we think it is now important to not deviate significantly from Rel-17 baseline to avoid breaking economies of scale. We also do not foresee any RedCap specific power savings. Of course, generic power saving mechanisms defined in Rel-18 would also apply to RedCap devices.

	[Intel]
Are you expecting RAN1 involvement to decide on target performance and achievability with existing design
	It’s unclear to us what this question is in reference to. If this question is on the coverage levels associated with PA-less operation, we do not see a need for devices with reduced power classes to operate with the same coverage levels as Rel-17 RedCap devices. There may possibly be R1 impact on determining target performance, but this can determined at a later stage.

	[Qualcomm]
What is your view on studying LP-WUR and/or new WUS waveform (different from R16 WUS and R17 PEI) for R18 eRedCap ?
	We have introduced wakeup mechanisms for connected and idle modes in Rel-16 and Rel-17 respectively. Considering this baseline, it is expected that link maintenance (RRM in Idle, CSI is connected) will dominate UE power consumption. It is important to have a discussion on whether and how we can relax link maintenance including serving cell measurements. Without this discussion, we foresee limited power saving gains associated with a LPWUR/new WUS waveform.
 
Given that this is a generic power saving topic, we feel it is more appropriate to have this discussion in a general power savings WI to have all the relevant experts in the same place.

	[LGE]
What is the motivations of sidelink support for RedCap UEs from your perspective?
	The motivation for sidelink support for RedCap is the enable LAN/PAN operations including wearables and home automation.


Feedback Form 24: Round II Questions - Motivation
	1 – vivo Communication Technology
Thanks for your reply. Besides PA-less, we wonder what is your view on the following other potential areas for Rel-18 eRedCap?
1) UE Processing time relaxation (data, CSI)
2) Reduced number of HARQ processes
3) Serving cell RRM relaxation for stationary devices
4) Coverage recovery
5) peak data rate reduction (by BW reduction, or TBS/RB restriction)

	2 – Samsung Electronics Polska
Q: How can the UL coverage been ensured? Do you expect via sidelink relay to ensure the covarege? E.g. smartphone relay for watches?


MediaTek Inc. would like to provide the following answers to the above questions:
To be filled in after Round II
Table 19:
	Questions
	Replies

	[vivo]
Thanks for your reply. Besides PA-less, we wonder what is your view on the following other potential areas for Rel-18 eRedCap?
1) UE Processing time relaxation (data, CSI)
2) Reduced number of HARQ processes3)        Serving cell RRM relaxation for stationary devices
4) Coverage recovery
5) peak data rate reduction (by BW reduction,or TBS/RB restriction)
	1. UE Processing time relaxation was discussed in Rel-17. Given the system impact in terms of coexistence issues with legacy UEs during initial access and the limited associated complexity reduction, we don’t see a justification to revisit this topic in Rel-18. 2. Similarly, reduced number of HARQ processes was discussed in Rel-17. The reduced BW size and #Rx in RedCap UE already helps in reducing the required buffer size compared to non-RedCap UEs. In addition, the use of off-chip memory is expected for RedCap UEs to reduce the cost, hence, there is no meaningful cost reduction by reducing the number of HARQ processes for such implementation.
3. We need to better understand the usecase warranting the need for serving cell RRM relaxations. Could you explain the usecase further?
4. Could you explain in some more detail why coverage recovery is needed for RedCap, given the coverage enhancements work that will be done in Rel-17? 5. There is very limited complexity reduction associated with such enhancements (as shown in RWS210409 and RWS-210313), and going forward in this direction results in market fragmentation leading to increased costs. The usecases highlighted for further peak data reductions can all be supported by R17 RedCap already in a cost efficient way.
 

	[Samsung]
How can the UL coverage been ensured? Do you expect via sidelink relay to ensure the covarege? E.g. smartphone relay for watches?
	We assume this question is related to PA-less operation. We foresee that PA-less operation is used in local networks, which do not require UL coverage enhancements beyond what will be defined for Rel17. We also see sidelink relay as a useful feature for such devices, with the example you provide as one potential usecase.


Objective 1
Companies are kindly invited to provide their questions to the following objective:
Objective: Enable PA less operation [RAN4, 1, 2]
-    Define lower power class
 
 
Feedback Form 25: Questions - Objective 1
	1 – Xiaomi Communications
[Xiaomi] Thank you for the contribution. In your contribution, we see you also consider the support of SL-U RedCap. Considering the study of SL-U is not started yet, we think we could start the SL-RedCap first. When the framework of SL-U is stable, we could further consider the SL-U RedCap.

	2 – Guangdong OPPO Mobile Telecom.
Main point is the proposed PA less operation. What is the working scope for other than RAN4?

	3 – Sony Europe B.V.
-       The proposal to support a lower power class assumes 2 RAN1 TUs. What RAN1 impacts do you envisage?

	4 – Intel Corporation (UK) Ltd
Is the proposal to define RedCap UEs with ”PA-less” operation while core specs do not support SL for RedCap (as RAN4-led WI is being proposed)?

	5 – Intel Corporation (UK) Ltd
Are such UEs are expected to support only SL or Uu and SL both.


MediaTek Inc. would like to provide the following answers to the above questions:
Table 20:
	Questions
	Replies

	[Xiaomi]
In your contribution, we see you also consider the support of SL-U RedCap. Considering the study of SL-Uisnotstartedyet, wethinkwecouldstarttheSLRedCap first. When the framework of SL-U is stable, we could further consider the SL-U RedCap.
	We expect SL-RedCap to be low hanging fruit for Rel-18. Once the SL-U framework is stable, we can consider this for SL-U RedCap.

	[Oppo]
Main point is the proposed PA less operation. What is the working scope for other than RAN4?
	We expect the primary working scope to be RAN4 focussed.

	[Sony]
The proposal to support a lower power class assumes 2 RAN1 TUs. What RAN1 impacts do you envisage?
	We expect the primary working scope to be RAN4 focussed. The RAN1 TUs are placeholders for discussions on target performance and can be updated as the Rel-18 discussion progresses.

	[Intel]
Is the proposal to define RedCap UEs with ”PA-less” operation while corespecs do not support SL for RedCap (as RAN4-led WI is being proposed)?
	We’re don’t really understand the question. We foresee Sidelink support for RedCap as very low hanging fruit (we do not see any blockers to support Sidelink over 20MHz BW). We also expect that this discussion would be better placed in a Sidelink specific WI to have all the relevant experts in the discussion. So the main objective for RedCap would be to support PA-less operation, which would be primarily RAN4 work.

	[Intel]
Are such UEs are expected to support only SL or Uu and SL both.
	We expect the device to be capable to operate on PC5 and Uu. Simultaneous operation on Uu and PC5 can be discussed further.


Feedback Form 26: Round II Questions - Objective 1
	1 – Guangdong OPPO Mobile Telecom.
We see this essentially a RAN4 enhancement. Can you further clarify what is the RAN1 impact? Would this item be generic enhancement independent to RedCap?

	2 – Sierra Wireless
The concept of simultaneous operation on Uu and SL-U is important to Sierra Wireless. Do you think this can be done with a single radio RedCap UE or would need two radios which would increase cost significantly?


MediaTek Inc. would like to provide the following answers to the above questions:
To be filled in after Round II
 
Table 21:
	Questions
	Replies

	[Oppo]
We see this essentially a RAN4 enhancement. Can you further clarify what is the RAN1 impact? Would this item be generic enhancement independent to RedCap?
	Agree that PA-less operation is mostly RAN4 focussed. There could be some limited RAN1 impact, e.g. UL power control may need further investigation. As we’re not targeting wide area operation, it makessensetoseethisasaRedCapspecificenhancement

	[Sierra Wireless]
The concept of simultaneous operation on Uu and SL-U is important to Sierra Wireless. Do you think this can be done with a single radio RedCap UE or wouldneedtworadioswhichwouldincreasecostsignificantly?
	What is the usecase you have in mind for simultaneous operation on Uu and SL for a RedCap device? Could you also explain what simultaneous operation means here? Are these transmissions separated out in time, or do both transmissions take place at the same time?



Summary of email discussion
We would like to thank all the companies that participated in this email discussion, and for providing their questions and comments. We have provided a summary of our view on each of our proposals for Rel-18 below, based on this discussion.
[bookmark: _Hlk75528752]NTN IoT Enhancements
As Rel-17 only focusses on supporting minimum essential functionality for a working NTN IoT system, Rel-18 should prioritize necessary enhancements to address data rate, long connection times and mobility aspects of IoT devices over NTN. The scope of such enhancements would depend on Rel-17 progress.
Rel-17 Leftovers
HARQ enhancements are not in the scope of the Rel-17 IoT NTN WI. However, HARQ disabling was discussed for NTN and is expected to be useful to meet higher data rates requirements. In place of HARQ, potentially larger number of repetitions can be used to ensure reliability.
Similarly, to enable long connection times with moving cells (e.g. LEO), enhancements to operate the GNSS module for a new position fix for UE pre-compensation during connected mode (as outlined in RWS-210113) can be considered for Rel-18. 
Mobility enhancements
Minor adjustments to existing mobility mechanisms can be considered to adapt functionality to NTN for: 
· legacy (Rel-17) neighbour cell measurements and corresponding measurement triggering before RLF
· legacy (Rel-17) NB-IoT carrier selection based on the coverage level, and associated carrier specific configuration
· legacy (Rel-16) LTE Conditional Handover (CHO) for eMTC and RLF/reestablishment mechanisms for NB-IoT, to mitigate packet interruption and signalling overhead.

URLLC Enhancements
The motivation is to improve the system capacity for existing URLLC/IIoT use-cases and any potential new use-case such as XR and cloud gaming. From evaluations in Rel-16 and Rel-17, it is evident that the number of supported UEs is very limited due to stringent associated requirements. While there have been improvements introduced in Rel-16 and Rel-17, there is significant room for system efficiency improvements.
Improved DL control efficiency
Control channel efficiency has not been well investigated in previous releases. Considering the high reliability requirements and relatively small packet sizes associated with URLLC services, the control-to-data overhead ratio is quite large when compared to eMBB services. Hence, optimizing link-adaptation is essential to maintain efficient system operation. One such method would be the introduction of CSI feedback for PDCCH. This feedback could be used by the gNB to dynamically adapt the associated PDCCH AL. Another method is to introduce intermediate ALs to enable finer link-adaptation for PDCCH.
NR-U Enhancements
When operating in unlicensed spectrum, we note that it is important to increase UL Tx opportunities (PUSCH, PUCCH, SR) in frequency/time domain to reduce the impact of channel access blockage. With regards to the control channel, we think that more efficient approaches are available to reduce the impact of unsuccessful LBTs, when operating across multiple LBT bands. For example, a DCI with a very small payload size can be introduced to indicate successful LBT BWs and ensure higher ALs are avoided. 
UE processing time reduction for FR2
Unlike FR1, there is no Capability#2 defined for the FR2 processing timeline. We therefore see it is as beneficial from a latency perspective to reduce the processing timeline for FR2.

MBS Enhancements
Support cross cell based SFN in a larger area (e.g. inter-DU SFN) 
In order to enable cross cell based SFN in a larger area, extended CP is foreseen to be needed Both normal CP and extended CP can co-exist in order to avoid backward compatibility issues with legacy UEs.
Reliability Improvement 
We see this as a follow-up to the discussions on L2 reliability with L2 feedback and retransmissions (at PDCP or RLC) that have taken place in Rel-17. The ambition level in Rel-17 was low due to a paucity of time, but this topic can now be addressed in Rel-18.
Efficiency enhancement for broadcast
We consider a study of DL superposition coding (DL MUST/NOMA alike) scheme between two or multiple MBS services, and between unicast and broadcast services. These two services can be multiplexed on the same frequency resources. They can be modulated by different MCS and then map to different OFDM symbols. Two services at are transmitted at two different layers (one is core layer, and the other is enhanced layer), which maximize the spectrum utilization. Some UEs may just receive the core layer (e.g. low MCS) and other UEs can receive both core layer (e.g. low MCS) and enhanced layer (e.g. high MCS). We foresee that a UE receiving both core and enhanced layers to be located in the cell center.
RedCap Enhancements
Energy and cost efficiency due to PA-less operation
The motivation here is to enable the use of RedCap in local networking scenarios, with lower cost and power consumption. Operation could be over Uu or PC5 interfaces, depending on the scenario. Furthermore, operation over unlicensed spectrum is also desirable in such local networks. Given that the deployment case considered here is local in nature, we do not see a need to pursue coverage enhancement techniques for such devices.
Positioning
The motivation is to enable the use of RedCap for location based services. Another point of consideration is that these devices may operate over Uu or PC5 interfaces. 
No BW reduction below 20MHz to avoid market fragmentation
Market fragmentation is an important consideration for cost reduction, as highlighted in the discussions during Rel-17. With diminishing cost benefits associated with lower bandwidth devices, it is important to not define multiple device types to address specific usecases. Rather, 3GPP should aim to have a common device that can be easily reused across several market segments to leverage economies of scale.
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