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1. Introduction
In the pre-meeting email discussions, the justifications and objectives for duplex evolution were summarized in [1] and [2] as following. 
	Justification:

TDD is widely used in commercial NR deployments. In TDD, the time domain resource is split between downlink and uplink. Allocation of a limited time duration for the uplink in TDD would result in reduced coverage and increased latency. As a possible enhancement on this limitation of the conventional TDD operation, it would be worth studying the feasibility of allowing the simultaneous existence of downlink and uplink, a.k.a. full duplex, or more specifically, subband non-overlapping full duplex at the gNB side within a conventional TDD band.

The NR TDD allows the dynamic/flexible allocation of downlink and uplink in time and CLI handling and RIM for NR were introduced in Rel-16. Nevertheless, further study may be required for CLI handling between the networks of different operators to enable the dynamic/flexible TDD in commercial networks. The inter-operator CLI may be due to either adjacent-channel CLI or co-channel-CLI, or both, depending on the deployment scenario. The main problem not addressed in the previous releases is gNB-to-gNB CLI.
This study aims to identify the feasibility and solutions of duplex evolution in the areas outlined above to provide enhanced coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operations in unpaired spectrum.
Objective of SI:
The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum.
In this study, the followings are assumed:

· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges
The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios and use cases (RAN1).

· Develop evaluation methodology for duplex enhancement (RAN1).

· Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD.
· Identify possible schemes and evaluate their feasibility and performances (RAN1).

· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 

· Study their impacts on inter-gNB interfaces if needed (RAN3).

· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.

· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).

· Study the impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).

· Study the impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4). 

· RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.

· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).

Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. 


In this paper our views on the draft SID are presented. 
2. Discussion
Overall the scope of this study is well identified and we agree on most of the part of the draft SID. Some further comments are presented regarding the justification part.

	The NR TDD allows the dynamic/flexible allocation of downlink and uplink in time and CLI handling and RIM for NR were introduced in Rel-16. Nevertheless, further study may be required for CLI handling between the networks of different operators to enable the dynamic/flexible TDD in commercial networks. The inter-operator CLI may be due to either adjacent-channel CLI or co-channel-CLI, or both, depending on the deployment scenario. The main problem not addressed in the previous releases is gNB-to-gNB CLI.


For part of the justification in the above table, it said that the CLI between the networks of different operators may be required to be further studied and the study is important for the success of the duplex evolution in the future. Besides the inter-operator CLI handling, it should be noted that it is equally important for co-channel CLI in the scenario of subband full duplex and flexible TDD as proposed in our contributions [3]. During the RAN94e-R18Prep email discussion, many companies proposed to study the schemes for the CLI management in the flexible TDD scenario, including intra-operator scenario [1]. Some of the comments from the email discussion summary are in the appendix. 
As in the draft SID, the flexible TDD is one of the important scenarios to address the short-term commercial interests. There are some discussion on how to address the CLI in Rel-15, however, due to the limited time in R15 and R16, no other BS-BS cross link interference handling technologies were standardized except that intended TDD configuration can be exchanged between BSs. The solutions available up to Rel-17 does not seem adequate to enable dynamic/flexible TDD for factory applications [3]. There is similar observation from NGMN, and an LS is sent to 3GPP requesting additional solutions [4]. From this point of view, the co-channel CLI handling in the network of one operator is also essential. Without systematic analysis, the justification of the draft SID limits CLI handling to inter-operator scenario only. Such limitation may lead to incomplete solution for dynamic/flexible TDD in Rel-18. 
For the sake of not to duplicate Rel-15/Rel-16 analysis, we agree with the note in the SID that “for potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion”.
Observation 1: Dynamic/flexible TDD, as one of the duplex enhancement areas, addresses near-term commercial interests for large UL capacity demands
Observation 2: Intra-operator CLI handling in Rel-15/16/17 for dynamic/flexible TDD is not standardized except intended TDD configure signalling between gNBs.  Without systematic analysis, the justification of current SID limits CLI handling to inter-operator scenario only. Such limitation may lead to incomplete solution for dynamic/flexible TDD in Rel-18.
Proposal 1: The second paragraph of the justification part is updated as follows:
The NR TDD allows the dynamic/flexible allocation of downlink and uplink in time and CLI handling and RIM for NR were introduced in Rel-16. Nevertheless, further study may be required for CLI handling between the networks base stations of the same and different operators to enable the dynamic/flexible TDD in commercial networks. The intra-operator and inter-operator CLI may be due to either adjacent-channel CLI or co-channel-CLI, or both, depending on the deployment scenario. The main problem not addressed in the previous releases is gNB-to-gNB CLI.
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Comments from Spark NZ.

TDD frame strcuctures are mandated in local regulations. Often the period of spectrum assignment ranges
form 10- 20 years. Operators in a TDD band must apply the same frame structure. should be time synchro-
nised and frame aligned. Adajacent bands co existence is also based on known frame structures. Suppose
a band has say 3 operators A.B.C respectively each with their own radio and core networks, operator B
cannot unilaterlaly make changes to the fralqE structure unless A and C agree. Interference arising from
in compatibel frame structures such as the legacy frame structure and the new one could result in loss of





[image: image2.png]3 -TELECOM ITALIA S.p.A.
The points raised by Spark is very important and need to be addressed. The different proposals do not seem
to address the issue of inter-operator synchronization which is the REAL limiting factor in TDD operation.
Therefore the work should focus on 1.5 interference management and “Continue discussion about the need
for CLI enhancement on dynamic/flexible TDD™.
Note that flexible TDD operation (if feasible) is a real urgent market need. which should be addressed
urgently by 3GPP. while evolution of duplex operation is more a long term objective
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In our view it is important to careful study this area. Therefore. we expect that study will take the entire
release if complex flexible/full duplex solutions are included to the study. If the study focuses on enhance-
ments for flexible DL/UL allocations in TDD only (i.e. enabling dynamic TDD in practical deployments).
shorter study with follow-up WI would be possible.
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Nokia comments continue:

Like commented Telecom Italia also in our view in the enhancement studies, it would be important to first
focus on studies of enhancements for short term deployment needs and thereby to study how to enhance

TDD flexibility in practical deployments. For this purpose. the following RAN4 and RANT1 studies should
be conducted.

- Study and identify solutions for gNB-2-gNB Cross Link Co-channel Interference mitigation [RAN1]
o Solutions discussed in Rel-14 ST on NR (TR 38.802) to be used as starting point

- Study further Cross Link inter-cell co-channel UE-2-UE interference mitigation enhancements [RAN1]

o E.g. de-prioritized cases in Rel-16 and additional network signaling
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From operator’s point of view, we also strongly suggest to the scenario that gNBs configured with differ-
ent TDD frame structures has high priority. considering both intra-operator and inter-operator (adjacent
frequency). This is a practical and urgent deployment scenario for 5G commercial network.

For work plan. at this stage work item should not be precluded. At least the normative work related to some
high priority and limited specification impact parts should not be precluded.
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AS commented by Telecom Italia, there is real urgent market needs for dynamic/flexible TDD. Such mar-
ket needs should be carefully addressed in this duplex evolution item. Inter-gNB CLI handling for dynam-
ic/flexible TDD in Rel-15/16/17 is not standardized except intended TDD configuration signaling between
gNBs. and the available solution is not sufficient to enable efficient dynamic/flexible TDD for factory ap-
plications. So. for interference management, enhancement in cross link interference management should
be considered for the dynamic/flexible TDD scenario.
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Intel
‘We support the proposal from the moderator.

‘We would like to emphasize that the consideration of dynamic/flexible TDD in multi-cellular deployments
should be one of the first steps since they form a necessary component to support of enhanced duplex
operations. Further. dynamic/flexible TDD operation. under similar assumptions on NW coordination,
should be the baseline for evaluation of potential gains from any enhanced duplexing scheme.
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Agree with moderator proposal to include only the subband non-overlapping scheme in the scope. However,

even this technique DOES NOT solve the issue of inter-operator coordination and in practice will be very
unlikely to be deployed in real networks.

As stated before. it is much more urgent to improve uplink performance by allowing flexible TDD opera-
tion. This is a very urgent market need, and solutions should be provided. Once solved the issue of flexible

TDD operation, the proposed techniques for the evolution of duplex operation could also be applied in real
world. since the inter-operator interference need to be solved.
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‘We agree with the moderator’s fist two points:

Conclude that the enhancement on dvnamic/flexible TDD is in the scope and will be discussed as a part of
the interference management.




