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1	Introduction
Sub-Band Full Duplex (SBFD) has been studied during a Rel-18 Study Item (SI). Our analysis shows that for realistic outdoor, wide-area FR1 scenarios, the feasibility of SBFD is highly questionable and a potential for uplink coverage improvements is observed only when the system load is low in all co-existing networks in the same frequency band [1]. The reasons for the lack of feasibility and gain come from high base-station (BS) output power, and also from interference in SBFD slots from other sectors and BSs of the same as well as other operators, both co-located and at other sites.
There may be more potential for SBFD to be a useful technology for small cell scenarios, where BS have lower output power and can be isolated better from other cells and other operators, and for FR2. For such scenarios, even where gain can be seen, a similar gain can be obtained with a simple adjustment to the TDD pattern, without the need for new hardware or for changes in the specification [1].
During the Rel-19 workshop in Taipei, the following conclusion was reached on Duplexing Evolution in the endorsed summary:
· Normative work is expected after the successful completion of the Rel-18 SI
· Expect to focus on non-overlapped Sub-band Full-Duplex (SBFD) at gNB and cross-link-interference (CLI) related areas, based on the study outcome
· Is there a strong need to have a parallel study extending to other cases? 
· E.g., UE side non-overlapped full-duplex, gNB overlapped SBFD, etc.

This contribution presents some considerations for normative work.
[bookmark: _Ref178064866]2	Discussion
2.1	On the scope of a SBFD Work Item (WI)
SBFD has been studied for both FR1 and FR2. For FR1, self-interference suppression is feasible for medium to low power nodes, and some deployment scenarios which may not involve sectorization and may isolate the network from other operators. For FR2, self-interference suppression is feasible for output powers up to around 30-33 dBm TRP, and again non-sectorized deployments may be envisaged. Since both frequency ranges have been considered as part of the SI, a related WI should also consider both FR1 and FR2.
[bookmark: _Toc144728174]A WI on SBFD should address both FR1 and FR2.
During the SI, it has been established that SBFD for medium range and low power nodes is feasible to build (albeit with increases in the size of the BS and some other aspects such as power consumption). If a low power node can be located in a non-sectorized deployment with isolation from other operators’ networks, then the potential to enhance the uplink is improved.
For high power nodes, feasibility is controversial (in our view, it is not feasible) and for sectorized deployments, inter-sector interference destroys the performance for realistic site deployments.
For FR2, there may be potential for SBFD when considering output power up to around 30-33 dBm.
With the above in mind, in our view, any optimizations when considering SBFD should focus on low power FR1 and on FR2 scenarios.
[bookmark: _Toc144728175]SBFD should focus on and be optimized for low power FR1 and FR2 scenarios. Do not optimize for FR1 wide area.

The SI has focused upon coverage enhancements for PUSCH/PUCCH in connected mode. Potential issues and gains for operation in IDLE mode and for PRACH transmissions have not been identified in detail. 
It has also assumed that all nodes in the network apply the same SBFD pattern with the same resource blocks (RBs) used for SBFD for the evaluations of semi-static SBFD.
In case different RBs would be used for SBFD at different gNBs, severe cross link interference (CLI) would result. Furthermore, adjusting the RBs used for SBFD on a dynamic basis would lead to the need for rapid switching of analog and/or digital filters and associated issues with transients etc.
During the SI, dynamic SBFD was discussed, but no conclusions/recommendations were drawn. In dynamic SBFD, the transmission direction for semi-statically configured sub-bands is overridden to support DL transmission in an UL sub-band and/or UL transmission in a DL sub-band. We have found that dynamic TDD supported by current specifications performs equally or better than dynamic SBFD and has significantly lower complexity. We note that, apart from at low load levels, neither dynamic TDD nor dynamic SBFD show gains in high power outdoor deployments.
For these reasons, and considering the overall workload for Rel-19, in our view a related normative work should focus on semi-static SBFD operating in connected mode and on PUSCH/PUCCH.
[bookmark: _Toc144728176]A WI on SBFD should consider semi-static SBFD only. Dynamic SBFD is out of scope.
[bookmark: _Toc144728177]A WI on SBFD should consider CONNECTED mode only. SBFD operation in IDLE/INACTIVE mode is out of scope.

During the SI, PDCCH enhancements for SBFD operation were discussed. In our view, PDCCH enhancements are not motivated due to the considerable flexibility of existing specifications on CORESET and search space configuration. Avoiding such enhancements can also serve to limit additional UE complexity incurred by SBFD operation.
[bookmark: _Toc144728178]PDCCH enhancements for SBFD operation are out of scope in normative work.

From a deployment perspective, an SBFD BS must not cause interference towards other operators. If UL slots would be used for SBFD operation then the BS would need to create and transmit in downlink RBs during uplink slots. This would cause gNB-gNB interference towards other operators, in a similar manner as dynamic TDD. Furthermore, since the aim of SBFD is to improve uplink coverage, there is no value in using slots already assigned for uplink for SBFD.
To avoid the potential for inter-operator interference impacting victim operators and to maximize the potential of the gains, a WI should assume that DL slots or symbols are allocated for SBFD, but not UL slots or symbols.
[bookmark: _Toc144728179]A WI on SBFD should assume only legacy DL slots are used for SBFD operation.
The SI has considered half-duplex at the UE. A related normative work should follow the assumption of half duplex at the UE.
[bookmark: _Toc144728180]A WI on SBFD should assume half-duplex at the UE.

Some companies have proposed to study SBFD at the UE, or also potentially fully overlapping full duplex. However, the June workshop outcome questioned whether there is a strong need for such studies. Bearing in mind that Rel-19 SBFD is not yet standardized, the reasoning to continue studying duplexing evolution does not seem strong. In our view, if the decision within RAN is to complete a WI on non-overlapping SBFD with half duplex at the UE, then taking into account the overall package size and time constraints, there should not be a parallel SI in Rel-19. If duplexing evolution is further studied in later releases, then a reasonable starting point could be SBFD at the UE, building on a Rel-19 WI for SBFD at the gNB. An alternative could be to continue and extend the study instead of starting a WI in Rel-19, since a SI would be a useful manner to identify scenarios in which SBFD would be both realistic and bring useful gain that cannot be obtained by other means (e.g. additional UL slot).
[bookmark: _Toc144444687][bookmark: _Toc144450622][bookmark: _Toc144451341][bookmark: _Hlk144445036][bookmark: _Toc144728181]No parallel SI on duplexing evolution in Rel-19 (assuming there is a WI). 
[bookmark: _Toc144728182]A SI could be started on e.g. UE SBFD in place of a WI.
[bookmark: _Toc144728183]If duplexing evolution is further studied in later releases, study should start with SBFD at the UE.

2.2	Considerations on CLI mitigation
Even if the self-interference is mitigated, a major source of interference for SBFD is gNB-gNB CLI from other nodes. gNB-gNB CLI for SBFD may come from one or more of several sources either co-sited or from other sites:
· The DL sub-band of other gNBs in the same network that are also operating SBFD,
· Other gNBs transmitting in the SBFD receive sub-band in case not all nodes in the network are operating SBFD,
· Other operators’ gNBs that are transmitting during SBFD slots on adjacent carriers.

For both SBFD and dynamic/flexible TDD, gNB-gNB CLI both within an operator and between operators on different frequencies is a major source of interference.
[bookmark: _Toc144453546]For both SBFD and dynamic/flexible TDD, CLI between operators is just as much an issue as CLI within the same operator carrier.
UE-UE CLI may occur between UEs that are transmitting uplink and UEs that are receiving downlink from the same or from different operators when the UEs are in close proximity. However, in general the probability of being scheduled in this manner whilst in close proximity is low.
[bookmark: _Toc144453547]UE-UE CLI is not as significant an issue as gNB-gNB CLI.
gNB-gNB CLI between operators on different carriers has been shown in previous studies on dynamic TDD [2] to be a major source of interference, and hence solving CLI within the same operator is not sufficient for enabling dynamic TDD or SBFD in a multi-operator deployment.
[bookmark: _Toc144453548]There is little value in solving CLI within the same carrier if CLI between operators on different carriers is not solved.

Given that gNB-gNB CLI is so dominant in WA macro networks, and that solving only the own operator CLI is not sufficient, it does not make sense to spend a lot of specification effort to introduce CLI mitigation schemes that have dubious potential. Furthermore, it does not seem worth it to introduce such schemes for small cell or indoor scenarios given that CLI does not limit performance in the same way as for WA macro scenarios. Hence, in our view, it should be carefully considered whether there is any benefit in starting any normative work in this area, and if so, normative work should not involve complicated CLI mitigation schemes that rely on exchange of rich information between gNBs to enable them. By “rich” we mean information that is highly time variant and/or requires large payloads. 
It is worth noting that some support for CLI mitigation for TDD-based solutions has already been introduced over RAN interfaces such as the Xn and the F1, e.g. via signalling of the Intended TDD DL-UL Configuration NR information which does not require large payloads, and need not change on a very fast basis. 
[bookmark: _Toc144444690][bookmark: _Toc144728184]Introduction of further CLI mitigation schemes should be carefully evaluated and not prioritised. If such enhancements need to be supported, solutions should aim at minimising the impacts on interfaces and functions given the limited benefits that can be achieved.
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Conclusion
In the previous sections we made the following observations: 
Observation 1	For both SBFD and dynamic/flexible TDD, CLI between operators is just as much an issue as CLI within the same operator carrier.
Observation 2	UE-UE CLI is not as significant an issue as gNB-gNB CLI.
Observation 3	There is little value in solving CLI within the same carrier if CLI between operators on different carriers is not solved.


Based on the discussion in the previous sections we propose the following:
Proposal 1	A WI on SBFD should address both FR1 and FR2.
Proposal 2	SBFD should focus on and be optimized for low power FR1 and FR2 scenarios. Do not optimize for FR1 wide area.
Proposal 3	A WI on SBFD should consider semi-static SBFD only. Dynamic SBFD is out of scope.
Proposal 4	A WI on SBFD should consider CONNECTED mode only. SBFD operation in IDLE/INACTIVE mode is out of scope.
Proposal 5	PDCCH enhancements for SBFD operation are out of scope in normative work.
Proposal 6	A WI on SBFD should assume only legacy DL slots are used for SBFD operation.
Proposal 7	A WI on SBFD should assume half-duplex at the UE.
Proposal 8	No parallel SI on duplexing evolution in Rel-19 (assuming there is a WI).
Proposal 9	A SI could be started on e.g. UE SBFD in place of a WI.
Proposal 10	If duplexing evolution is further studied in later releases, study should start with SBFD at the UE.
Proposal 11	Introduction of further CLI mitigation schemes should be carefully evaluated and not prioritised. If such enhancements need to be supported, solutions should aim at minimising the impacts on interfaces and functions given the limited benefits that can be achieved.
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