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Introduction
This document aims to summarize email discussion on flexible duplex operation and remote interference management. For the discussion, it is categorized into three sub-topics, and each company is encouraged to provide feedbacks on each sub-topic. 
Email discussion 
Considering different target scenarios, it is proposed to split the discussion into three sub-topics as follows
1. Enabling technology to mitigate/handle cross-link interference in flexible duplex operation
1. Coexistence mechanism to support flexible duplex in unpaired spectrum (dynamic TDD)
1. Mechanisms to mitigate/handle remote interference with semi-static DL/UL configuration in unpaired spectrum

Enabling technology to mitigate/handle cross-link interference
Proposed objectives
The followings are currently proposed objectives related to enabling technologies for cross-link interference handling. It is assumed that the same technique can be applied to paired and non-paired spectrum at least from RAN1 perspective. 
0. The feasibility and benefits of interference mitigation and resource sharing mechanisms to support flexible resource adaptation of NR-cells 
0. in co-channel and adjacent legacy FDD/TDD spectrums will be evaluated for both unpaired and paired spectrum. 
0. To study enhanced mechanisms for providing better duplexing flexibility in unpaired and paired spectrum.
1. Development scenarios and use cases of Rel-15 NR SI/WI are the starting point for the discussions. The detailed objectives are:
0. Identify and evaluate the enabler for advanced cross-link interference mitigation schemes, e.g. cross-link interference cancellation receivers, cross-link interference measurement, and cross-link interference coordination.[RAN1, RAN4, RAN3]
2. In the study, it is assumed that downlink and uplink resources in a band are multiplexed in TDM manner. 
0. Identify additional physical layer impacts (if any) to support enhanced duplexing flexibility [RAN1]
 Companies view
Please provide your views on the proposed objectives. 
	Company Name
	Comment

	Nokia
	Focus on Dynamic TDD on unpaired spectrum should be clearer in the objectives. Now the proposed objectives still seem to include more flexible duplexing schemes and also paired spectrum although RAN#79 agreed that the focus should be dynamic TDD. 
RF performance requirement aspects should also be investigated to understand when physical layer enhancements like cross-link interference mitigation techniques help and when not as RF aspects like Rx blocking or Tx noise due to RF non-idealities are limiting the performance.
Include clear objectives for inter-gNB coordination. This is needed to enable efficient NR TDD DL/UL transmission direction adaptation per cell, offering both efficient traffic adaptation and cross-link interference management. Focus should be in Xn-based coordination procedures , which may include proactive and reactive procedures for coordinating the DL/UL switching between neighbouring cells, as well as exchange of measurements; could be in the form of traffic related counters, physical layer measurements (e.g. cross-link interference meaurements), etc..  
It is also proposed to capture the following objective to understand realistic performance gain. 
A. Study RF performance requirement aspects to understand when physical layer enhancements like cross-link interference mitigation techniques can provide help and when RF non-idealities such Rx blocking or Tx noise are limiting the performance.	Comment by 만든 이: Nokia: RAN4 RF performance impacts need to be investigate early on in order to obtain gain from new physical layer features.



	Ericsson
	Given limited TU allocations available, we prefer to postpone study of dynamic TDD related issues (as well as the other flexible duplex topics) to Rel-17 and focus Rel-16 on solving remaining issues on cross-link interference for semi-static TDD configurations, i.e. objective (3).

	ATT
	We support the study of cross link interference enablers and interference mitigation schemes (cross-link interference measurements, advanced interference cancellation receivers, cross-link interference coordination) for dynamic TDD on unpaired spectrum as a main priority. The study should include both gNB- gNB cross link interference and UE-UE cross link interference. The Rel. 15 SI/WI can be a starting point for the discussion

	ZTE
	We should focus on Dynamic TDD on unpaired spectrum.The CLI management has been discussed and some conclusions were made in Rel-15. Moreover, it is also the basic problem of using duplex flexibility. So, we should study the CLI issues, CLI measurement (e.g., UE-to-UE interference measurement) and mitigation schemes firstly, and the related conclusions in Rel-15 on duplex flexibility can be used as the starting point.

	Samsung
	We prefer to put a focus on study of dynamic TDD in Rel-16 as a natural continuation of dynamic TDD works in Rel-15.

	CATT
	We prefer to focus on Dynamic TDD on unpaired spectrum. The study can include both gNB- gNBinterference management and UE-UE cross link interference management. Outcome of the Rel. 15 SI/WI can be a starting point for the discussion.

	vivo
	As an continuation of Rel-15, we agree that gNB-to-gNB and UE-to-UE interference issues can be studied. Both FR1 and FR2 should be considered in the study. However, we share the view from Ericsson that the interference issues in semi-static TDD operation can be prioritized over dynamic TDD operation.

	Qualcomm
	It is unclear why paired spectrum and adjacent FDD channel should be included in the objectives. Our understanding, based on previous discussions, is that the study would focus on TDD and unpaired spectrum. We believe that TDD cross link interference measurement and mitigation should be the objective. In terms of scenarios, semi-synchronized TDD deployment would appear most important. Co-channel deployment within one operator’s network and adjacent channel deployment across different operators should be studied. For the co-channel case, IAB in FR2 should also be considered as a target scenario. 

	Huawei, HiSilicon
	In general we are supportive of flexible duplexing for both paired and unpaired spectrum. 
We assume this part of the objectives is for the single operator case.
For flexible duplexing, there are three sub-cases:
1) sub-case 1: SRS transmission on DL part of a paired spectrum; 
2) sub-case 2: dynamic UL/DL configuration for unpaired spectrum;
3) sub-case 3: DL transmission on UL part of a paired spectrum.
Cross-link interference mitigation in general can be resolved or mitigated in at least two ways: a) relying on the coordination of semi-static configuration among multiple cells to avoid cross-link interference from the beginning; b) relying on dynamic coordination and specified cross-link interference mitigation schemes. 
For this Rel-16 item, our view is that sub-case 1 is of highest priority. SRS transmission on DL part of a paired spectrum can greatly improve the DL performance utilizing channel reciprocity. In order to support sub-case 1, the main Rel-16 work is to identify if any signalling enhancement is needed in RAN1/2 specification to configure SRS on DL part of a paired spectrum and to define bands allowing flexible duplexing in FDD DL spectrum in RAN4 specification. We may assume cells on a carrier frequency belonging to the same operator can coordinate time domain resources for SRS transmission on DL part of a paired spectrum.
We would also like to work on Sub-case 2 if there is sufficient time in Rel-16. The main work is to identify and specify the necessary cross-link interference mitigation scheme. The discussion and agreements in Rel-15 should be a starting point.

	China Telecom
	We support flexible duplex in both paired spectrum and unpaired spectrum. With flexible duplex in paired spectrum, UL resources can be allocated to DL according to DL/UL traffic ratio and SRS can be transmitted in DL spectrum to improve the DL performance.

	TIM
	The Study should focus on unpaired spectrum only, with objective TDD cross link interference measurement and mitigation 

	CMCC
	Limited study of SRS transmission on DL spectrum could be considered for downlink transmission improvement.

	ETRI
	We think that priority should be cross-link interference management for more flexible dynamic TDD on unpaired spectrum based on cross-link measurement and inter-gNB coordination.



Summary
There were different views on RAN1 scope for cross-link interference mitigation. Generally, companies expressed that unpaired spectrum should be focus of cross-link interference mitigation. At least two companies mentioned paired spectrum should be also studied. There are a few companies mentioned that SRS transmission in downlink should be studied. Given that SRS transmission in downlink may not require additional specification work in RAN1, maybe it can be considered as RAN4 scope if the objective is included. Regarding paired and unpaired spectrum, though it is common from RAN1 perspective, to accommodate companies input, it can be considered to clarify that it is focused on unpaired spectrum. As there is no reason to prohibit techniques to be applied as well to paired spectrum from RAN1 perspective, we can add a note “Common solution may be applied to paired spectrum without further optimization from RAN1 perspective”. Furthermore, as suggested, it would be clearer if network coordination is explicitly mentioned. About SRS transmission, it can be added if the majority company support. For now, it is captured with bracket. At least one company does not support to add any objective related to paired spectrum. Overall, the objectives can be updated as follows:
Enabling technologies for cross-link interference handling:

The feasibility and benefits of interference mitigation and resource sharing mechanisms to support flexible resource adaptation of NR-cells in co-channel and adjacent legacy FDD/TDD spectrums will be evaluated focusing on unpaired spectrumfor both unpaired and paired spectr. 
B. To study enhanced mechanisms for providing better duplexing flexibility in unpaired and paired spectrum, .development scenarios and use cases of Rel-15 NR SI/WI are the starting point for the discussions. 
C. Identify and evaluate the enabler for advanced cross-link interference mitigation schemes, e.g. cross-link interference cancellation receivers, cross-link interference measurement in both UEs and gNBs, and cross-link interference coordination among gNBs.[RAN1, RAN4, RAN3]
i. In the study, it is assumed that downlink and uplink resources in a band are multiplexed in TDM manner. 
D. Study RF performance requirement aspects to understand when physical layer enhancements like cross-link interference mitigation techniques can provide help and when RF non-idealities such Rx blocking or Tx noise are limiting the performance.	Comment by 만든 이: Nokia: RAN4 RF performance impacts need to be investigate early on in order to obtain gain from new physical layer features.
E. Identify additional physical layer impacts (if any) to support enhanced duplexing flexibility [RAN1]
Note: Common solution may be applied to paired spectrum without further optimization from RAN1 perspective
 	Comment by 만든 이: Nokia: Considering that the focus should be in unpaired spectrum work this objective for pair spectrum should not be included to the study.
[For paired spectrum, allowing SRS transmission in DL spectrum in paired spectrum [RAN4]]
Coexistence mechanism for dynamic TDD
Proposed objectives
The followings are currently proposed objectives for coexistence study in RAN4. It is currently proposed to focus on unpaired spectrum case. 
(1) Coexistence mechanism in unpaired spectrum [RAN4]
A. Coexistence among different operators in the same or adjacent bands should be considered
B. In the study, it is assumed that downlink and uplink resources in a band are multiplexed in TDM manner.
 Companies view
Please provide your views on the proposed objectives. 
	Company Name
	Comment

	Nokia
	We support co-existence studies between operators. It is important to ensure that requirements and co-existence mechanisms will ensure good co-existence between operators (As noted in the previous question in 2.1.2, we also see that RF requirement aspects should also be investigated also for the same operator deployment cases)

	Ericsson
	Coexistence between operators with dynamic TDD considering co-channel as well as adjacent channel case can be studied.

	ATT
	Coexistence among different operators in the same or adjacent bands can be studied 

	ZTE
	Coexistence among different operators in adjacent channels should be considered when dynamic TDDconsidering co-channel is discussed.

	Samsung
	Coexistence among different operators can be studied considering same and adjacent bands in unpaired spectrum.

	CATT
	We support the co-existence studies among different operators in unpaired spectrum, including Semi-synchronized operation and unsynchronized operation. Both co-channel and adjacent channel should be considered.

	vivo
	The observationsof co-existence study carried out in LTE eIMTA and the study of additional LTE-TDD configuration in RAN can be referred to if the co-channel/adjacent channel interference is to be studied. If the study includes the potential co-existence mechanisms (as shown in the main objective), it should not be a purely RAN4 study. 

	Qualcomm
	For coexistence between operators, adjacent channel semi-synchronized TDD deployment should be the focus.

	Huawei, HiSilicon
	Multiple-operator coexistence on adjacent channels (or carrier frequencies) needs to be done. 
The proposedobjectives include “same or adjacent bands”. Our view is that multi-operator coexistence should focus on the case of multiple-operators in adjacent channels (or carrier frequencies), i.e. not so much related to same or different bands. 
Further, we do not think the multi-operator co-channel coexistence needs to be carried out in this Rel-16 item, as this discussion in our understanding focuses on licensed IMT spectrum where only one MNO operates the network in one carrier in a band. 
Different deployment scenarios needs to be examined since the conclusions on multiple-operator coexistence may be different between for example macro scenarios, small cells scenarios, and mixed macro and small cell scenarios.

	China Telecom
	Inter-operator interference in the adjacent bands should be studied and handled.

	TIM
	Focus only on inter-operator interference in the adjacent bands

	CMCC
	Same view as China Telecom



Summary
For coexistence study, at least five companies mentioned that both co-channel and adjacent carrier cases need to be studied. Also, at least five companies mentioned that adjacent carrier case with inter-operator operating semi-synchronized manner need to be prioritized. To address both inputs, proposal is to take adjacent carrier case as the first priority and co-channel case as the second priority as follows:
Coexistence mechanism in unpaired spectrum 
A. Coexistence among different operators in the same or adjacent bands [RAN4]
i. The study should prioritize adjacent bands, and considers the same band case as a second priority.
ii. In the study, it is assumed that downlink and uplink resources in a band are multiplexed in TDM manner.

Remote interference handling
Proposed objectives
The followings are currently proposed objectives for remote interference handling. The following objectives are proposed for unpaired spectrum. 
A. Study mechanisms for improving network robustness and addressing strong remote base station interference, including [potential] UE side’s enhancement [RAN1]
B. Study mechanisms for identifying which gNB(s)generate strong remote interference, including the following aspects:
i. Potential Reference signal design for gNB to identify that it creates strong inter-gNB interference to some victim gNB[RAN1]
ii. Mechanism for gNB to start and terminate the transmission/detection of the reference signal(s) [RAN1, RAN3]
C. Study the potential additional coordination among gNBs for mitigating remote interference [RAN3] 
 Companies view
Please provide your views on the proposed objectives. 
	Company Name
	Comment

	Nokia
	We support this task and that explicit and concrete objectives are included for the remote interference handling in the flexible duplex item. 
We do not see need for new reference signal design for the remote interference handling purposes. Instead the aim should be to re-use the existing reference symbols unless very strong justification is found that the current signals do not work for this purpose.

	Ericsson
	We think this topic should have priority over dynamic TDD case and be the focus of a potential Rel-15 SI, as mitigating CLI for semi-static UL/DL coordination using more slow coordination should be a more fundamental issue to solve before addressing the dynamic TDD / fast coordination case. 
We agree with Nokia that introduction of new references signal shall only be considered if it can be clearly motivated that re-using existing RS does not yield sufficient performance. However, this should already be captured in the SI objective.
Regarding objective C, it is not clear to us that inter-gNB coordination for mitigation will be needed in the end. As an alternative, centralized OAM-based coordination methods can be considered, which could be implemented either proprietarily or via SA5 signalling. We therefore propose that objective C should have SA5 component as well.

	ATT
	How to handle remote interference can be studied in the framework of gNB to gNB interference. The study of enablers and mitigation techniques for cross link interference in dynamic TDD scenarios should be prioritized.

	ZTE
	It should be studied to handle remote interference with semi-static DL/UL configuration in unpaired spectrum. The following aspects can be considered.
(1) Tointroduce a new references signal or enhance existing RSsfor gNB to identify.
(2) OAM-based coordination methods can be consideredfor mitigating remote interference.

	Samsung
	Similar view with Nokia and Ericsson. Before introducing new RS, the existing RS should be first considered.

	CATT 
	We support the proposed objectives.The reference signal could be a new reference signal or existing reference signal depending the outcome of the study.

	Vivo
	In our understanding, the remote interference handling is a network side feature and is transparent to UE. We would like to understand what are the “potential UE side’s enhancement”

	Qualcomm
	Remote interference handling should be limited to co-channel gNB-gNB interference management based on semi-synchronized TDD deployment. Using existing measurement signal source should be prioritized. 

	Huawei, HiSilicon
	We are in general supportive of this objective of remote interference mitigation. This objective can start with a study phase to identify the solution(s) to be specified. Thus, high level objective(s) are probably sufficient.
This objective is primarily for the macro cell deployment with synchronized TDD UL/DL assignment, where in case strong remote interference is identified, then the interfering gNB may mute a few OFDM symbols to reduce the remote gNB-to-gNBinterference. Thus, we do not think this part of work is targeted for semi-synchronized TDD operation.
This part of the work can be a separate item in Rel-16.

	CMCC
	It is should be addressed in NR and specify a solution in 3GPP to make NR really better than LTE, other than let what happened in LTE reappear in NR.. as to whether an new reference signal is necessary or not will dependent on the output of study, that is why we think the objective make sense to study potential new reference signal design.



Summary
There were comments about RS design whether there is a necessity to introduce a new channel. As the intention is to start from existing signals, we can add ‘existing signals are starting points’ to clarify the intention. Also, it was mentioned that Objective C should also include SA3. It was also mentioned that this remote interference management should focus on co-channel synchronized TDD operation. Based on the inputs, the following updates are proposed. 
 Remote interference handling. 

The following objectives are proposed for unpaired spectrum focusing on synchronized macro cells with semi-static DL/UL configuration in co-channel. 
A. Study mechanisms for improving network robustness and addressing strong remote base station interference, including [potential] UE side’s enhancement [RAN1]
B. Study mechanisms for identifying which gNB(s)generate strong remote interference, including the following aspects:
i. Potential Reference signal design for gNB to identify that it creates strong inter-gNB interference to some victim gNB[RAN1]
1. Existing reference signals are starting points of discussion.
ii. Mechanism for gNB to start and terminate the transmission/detection of the reference signal(s) [RAN1, RAN3]
C. Study the potential additional coordination among gNBs for mitigating remote interference [RAN3, SA3] 

Email Summary 
 Based on the inputs, the followings are objectives proposed for flexible duplex and remote interference management for NR. 
The feasibility and benefits of interference mitigation and resource sharing mechanisms to support flexible resource adaptation of NR-cells in co-channel and adjacent legacy FDD/TDD spectrums will be evaluated focusing on unpaired spectrum. 
A. To study enhanced mechanisms for providing better duplexing flexibility, development scenarios and use cases of Rel-15 NR SI/WI are the starting point for the discussions. 
B. Identify and evaluate the enabler for advanced cross-link interference mitigation schemes, e.g. cross-link interference cancellation receivers, cross-link interference measurement in both UEs and gNBs, and cross-link interference coordination among gNBs.[RAN1, RAN4, RAN3]
i. In the study, it is assumed that downlink and uplink resources in a band are multiplexed in TDM manner. 
C. Identify additional physical layer impacts (if any) to support enhanced duplexing flexibility [RAN1]
D. Coexistence among different operators in the same or adjacent bands [RAN4]
i. The study should prioritize adjacent bands, and considers the same band case as a second priority.
ii. In the study, it is assumed that downlink and uplink resources in a band are multiplexed in TDM manner.

Note: Common solution may be applied to paired spectrum without further optimization from RAN1 perspective
[For paired spectrum, allowing SRS transmission in DL spectrum in paired spectrum [RAN4]]

Objectives for studying possible mechanisms for mitigating the impact of remote base station interference in unpaired spectrum focusing on synchronized macro cells with semi-static DL/UL configuration in co-channel include:
A. Study mechanisms for improving network robustness and addressing strong remote base station interference, including potential UE side’s enhancement [RAN1]
B. Study mechanisms for identifying which gNB(s)generate strong remote interference, including the following aspects:
i. Potential Reference signal design for gNB to identify that it creates strong inter-gNB interference to some victim gNB[RAN1]
1. Existing reference signals are starting points of discussion.
ii. Mechanism for gNB to start and terminate the transmission/detection of the reference signal(s) [RAN1, RAN3]
C. Study the potential additional coordination among gNBs for mitigating remote interference [RAN3, SA3] 
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