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Introduction
In December 2021, a new study item on evolution of duplex operation [1] was approved. The objectives and the assumption for the study are as mentioned in the following: 

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 
 And one of the detailed objectives is: 
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4). 
 
In last RAN4#105 meeting, a way forward on the regulatory aspects [6] was agreed but no text proposal on those aspects was discussed unfortunately. 
This contribution is basically a re-submission of our RAN4#105 contribution ([7]), proposing the TP to TR on regulatory aspects.
Discussion 
Sub-band full duplex overview
Sub-band full duplex (SBFD) operation would consist in a simultaneous transmission and reception in distinct frequency resources within the same carrier. 
In other words, within a TDD channel, depending on the chosen patterns and the chosen sub-band allocation part(s) of the bandwidth will be allocated for DL while the remaining part(s) will be for UL as show in Figure 1.
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[bookmark: _Ref109742079]Figure 1: Example of Sub-band full duplex allocation

From a Regulatory perspective, one of the main SBFD challenges would be the simultaneous transmission and reception in slots which are supposed to be either only Tx or only Rx, causing additional UL interference (when UL opportunities are increased) in the adjacent networks or services. Those aspects are further discussed in the following sections.
Observation1: For a chosen TDD pattern, sub-band full duplex operation would increase the UL transmission in the network, increasing the level of UL interferences.

Regulatory context
CEPT countries
Coexistence with adjacent services
When regulating a new frequency range, Regulators check the presence of adjacent services and their technical characteristics. Based on this information, they study the required parameters for this new band to coexist with the incumbent services without impacting their performance.
For those coexistence studies, when Regulators are targeting an IMT TDD band, they are usually assuming an activity percentage of DL and UL transmission, percentage which is supposed to be representative of deployed networks. 
For example, when looking at the needed parameters for the IMT TDD band 3.4-3.8GHz band in Europe ([2]), CEPT did coexistence studies with the adjacent Radiolocation and Radio Astronomy services assuming a DL/UL ratio of 80/20%.
If the assumed DL/UL ratio would significantly change (i.e. by introducing SBFD), the conclusion of those studies might have to be revisited, impacting or not the existing regulation for the considered TDD band(s). Regulators might want then to re-evaluate the outcomes of those studies when SBFD is enabled.
Observation2: Regulators made coexistence studies assuming a certain DL/UL ratio. Any change in that ratio might have some impacts on the corresponding studies’ conclusion. Regulators might want to re-evaluate some existing coexistence studies done for TDD bands, releasing a new regulation to authorize SBFD deployment.
Adjacent IMT TDD network
At LTE time, while the number of TDD patterns was relatively limited, a first approach was to recommend synchronizing the TDD networks so that all BSs transmit and receive at the same time, using a or similar TDD pattern. Regulators have listed several techniques to transmit a reference phase/time clock and enable such network synchronization ([3]).
Observation3: In Europe, operations in adjacent TDD spectrum are supposed to be synchronized.
NR has introduced a very large number of possible TDD patterns, giving the operators the flexibility to adapt this TDD pattern to their effective needs in their networks. In response to this, to enable the deployment of networks using various TDD patterns and remove the need of synchronizing networks, the Regulators have specified additional baseline for unsynchronized or semi-unsynchronized networks ([3] and [4]). Those additional baselines (named “restricted baseline”) are of course more stringent but enable the deployment of such networks, giving more flexibility and making easier the deployment of operators’ TDD networks when needed. Still, less stringent technical parameters, if agreed among the operators of such networks, may also be used, such as where there is appropriate radio isolation (e.g. due to geographic or indoor/outdoor separation) between the networks. In addition, depending on national circumstances, CEPT Administrations may define a relaxed alternative “restricted baseline limit” applying to specific implementation cases to ensure a more efficient usage of spectrum 
Observation4: In certain circumstances preventing any interference (e.g. factory indoor), it would be possible to deploy unsynchronized TDD network.
Observation5: For some 5G bands, Regulators have considered unsynchronized (or semi-synchronized) TDD operation between adjacent operators by introducing more stringent parameters.
As an example, for the 3.4-3.8GHz band, inside the band, ECC specified below and above the block edge a restricted baseline of -34dBm/5 MHz EIRP for non AAS BS or -43dBm/MHz TRP for AAS BS ([4]).
With such more stringent parameters, BS design becomes much more challenging, impacting final cost and possibly product’s volume and weight.
Observation6: More stringent Regulatory requirements might impact BS feasibility, final cost, size and weight, especially if SBFD DL is considered during “legacy” UL slots.
For information, ECC has identified and defined the TDD networks operation according to the following ([4]):
· Synchronised operation:
The synchronised operation means operation of TDD in several different networks, where no simultaneous UL and DL transmissions occur, i.e. at any given moment in time either all networks transmit in DL or all networks transmit in UL. This requires the alignment of all DL and UL transmissions for all TDD networks involved as well as synchronising the beginning of the frame across all networks.
· Unsynchronised operation:
The unsynchronised operation in the context of this Decision means operation of TDD in several different networks, where at any given moment in time at least one network transmits in DL while at least one network transmits in UL. This might happen if the TDD networks either do not align all DL and UL transmissions or do not synchronise at the beginning of the frame. 
· Semi-synchronised operation:
The semi-synchronised operation corresponds to the case where part of the frame is consistent with synchronised operation as described above, while the remaining portion of the frame is consistent with unsynchronised operation as described above. This requires the adoption of a frame structure for all TDD networks involved, including slots where the UL/DL direction is not specified, as well as synchronising the beginning of the frame across all networks.
Note that those definitions may not necessarily apply to an entire network. In particular, there are use cases where different base stations within a network may be unsynchronised or semi-synchronised.

North America
No TDD pattern has been mandated in US, nor in Canada, but operators are encouraged to coordinate their network deployment and make sure they don’t interfere with each other.
Observation7: In USA and Canada, Regulator has not mandated any TDD pattern but operators are strongly encouraged to coordinate their adjacent TDD networks to avoid any interference. 
Unsynchronized operation is allowed, no stringent regulation parameters have been specified for such case but, again, operators would have to work their differences to avoid any claim to FCC/ISED.
When SBFD will be introduced, Regulators might issue some consultations to understand whether there would be some oversight of the feature.
Observation8: In USA and Canada, SBFD operation might be possible when deployed in environment preventing interference in the adjacent spectrum.
China
MIIT has specified a TDD pattern. This pattern should be used by the operators when operating adjacent TDD networks, assuming then synchronization between those operators. 
The introduction of SBFD might then interfere with the chosen pattern, we should expect this will be further investigated by MIIT, resulting in some guidance when operating SBFD in a network (e.g. guard band, physical distance separation, …).
Observation9: In China, to avoid interference, adjacent TDD networks are supposed to be synchronized using a same predefined TDD pattern. It should be expected MIIT will provide some guidance (e.g. some indoor deployment) when operating SBFD in adjacent spectrum. 

Japan
In Japan, no TDD pattern has been mandated but operators are required to coordinate their network deployment to avoid interference ([5]).
Observation10: In Japan, Regulator has not mandated any TDD pattern but operators are required to coordinate their adjacent TDD networks to avoid any interference. 
Operators are allowed to use unsynchronized operation as far as there is no interference with the adjacent network(s), e.g. for indoor usage.
Here as well, when SBFD will be introduced, we should expect MIC would investigate if this might trigger any coexistence issue.
Observation11: In Japan, SBFD operation might be possible when deployed in environment preventing interference in the adjacent spectrum.


Conclusion
In this contribution, we made an initial overview of the regulatory aspects to be considered when introducing sub-band full duplex. We made the following observations: 
Observation1: For a chosen TDD pattern, sub-band full duplex operation would increase the UL transmission in the network, increasing the level of UL interferences.
Observation2: Regulators made coexistence studies assuming a certain DL/UL ratio. Any change in that ratio might have some impacts on the corresponding studies’ conclusion. Regulators might want to re-evaluate some existing coexistence studies done for TDD bands, releasing a new regulation to authorize SBFD deployment.
Observation3: In Europe, operations in adjacent TDD spectrum are supposed to be synchronized.
Observation4: In certain circumstances preventing any interference (e.g. factory indoor), it would be possible to deploy unsynchronized TDD network.
Observation5: For some 5G bands, Regulators have considered unsynchronized (or semi-synchronized) TDD operation between adjacent operators by introducing more stringent parameters.
Observation6: More stringent Regulatory requirements might impact BS feasibility, final cost, size and weight, especially if SBFD DL is considered during “legacy” UL slots.
Observation7: In USA and Canada, Regulator has not mandated any TDD pattern but operators are strongly encouraged to coordinate their adjacent TDD networks to avoid any interference. 
Observation8: In USA and Canada, SBFD operation might be possible when deployed in environment preventing interference in the adjacent spectrum.
Observation9: In China, to avoid interference, adjacent TDD networks are supposed to be synchronized using a same predefined TDD pattern. It should be expected MIIT will provide some guidance (e.g. some indoor deployment) when operating SBFD in adjacent spectrum. 
Observation10: In Japan, Regulator has not mandated any TDD pattern but operators are required to coordinate their adjacent TDD networks to avoid any interference. 
Observation11: In Japan, SBFD operation might be possible when deployed in environment preventing interference in the adjacent spectrum.

And we make the following proposal:
Proposal: Approve the TP to TR 38.858 proposed in Annex
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Annex: TP to TR 38.858

<Start of the change>
[bookmark: _Toc103163491][bookmark: _Toc104488384]11	Regulatory aspects for deploying the duplex enhancements in TDD unpaired spectrum
Editor's note: This section captures the summary of the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).
Regulators always pay high attention to any new technology that might create interference to incumbent services operating in or adjacent to the considered spectrum, specifying new conditions to prevent any such interference. 
When allocating spectrum to IMT TDD operation, Regulators made coexistence studies with incumbent services assuming a certain TDD pattern. Based on the conclusions of those studies, Regulators have then specified the corresponding specific parameters to enable such deployment. 
In most of the countries, operators are expected to synchronize their adjacent TDD networks. Some Regulators have even recommended specific TDD frame structure usage to facilitate this, addressing then cross-border issues between countries (e.g. in Europe). 
To enable unsynchronized TDD deployments without creating interference in the adjacent network(s), some Regulators have specified more stringent parameters (e.g. CEPT specified below and above the block edge a restricted baseline of -34dBm/5 MHz EIRP for non AAS BS or -43dBm/MHz TRP for AAS BS), increasing BS design’s complexity significantly. 
Regulators might revise existing regulatory rules to allow SBFD operations and/or mandate more stringent requirements.
Nevertheless, when deployed in environments which guarantee and prevent any interference in the adjacent spectrum (like isolated indoor deployment), no specific condition nor recommendation have been specified by the Regulators, allowing any TDD deployment in such environments as long as no interference disturbs adjacent services. For such type of deployments, existing regulation rules should not be impacting when operating SBFD.

<End of the change>
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