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[bookmark: _Toc116995841]Introduction
RAN has agreed a new Rel-18 Study Item on Evolution of NR Duplex Operation with the following objectives [1]:
	The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· 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). 
· 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 feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and 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).
· Note: 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.



The agreements on the BS RF requirements of SBFD in RAN4 #108bis, and list of topics that require further studies are captured in the way forward in [2]. In this document, we discuss the open issues in RAN4 #108bis. 

[bookmark: _Toc116995842]Discussion

Total power dynamic range
The BS total power dynamic range is currently defined as the difference between the maximum and the minimum transmit power of an OFDM symbol for a specified reference condition. In RAN4 108 it has been agreed that the same requirements would be applicable for the RE power control dynamic range, but the requirements for the total power dynamic range were still left for further discussions. 
 In the last RAN4 meeting, two proposals were discussed without any agreement [2][3]: 
Proposal 1: Total dynamic range requirement for non-SBFD symbols is enough to guarantee the required dynamic range requirement in SBFD slots/symbols for SBFD-capable BS. It is not necessary to define a new total dynamic range requirement for SBFD operation on the DL subband(s)
Proposal 2: Define the output power dynamic range requirement for SBFD as the ratio of the declared rated output power with all DL RBs active for SBFD (maximum) and the same single RB power as non-SBFD (minimum).
In our view if the total power dynamic range is calculated as proposed in Option 2, it would result in a less stringent requirement than Option 1, because the total power in an SBFD symbol would be lower than the total power in a UL or DL symbol, while the minimum transmit power would be the same. Since the gNB would still need to be tested in non-SBFD symbols to ensure that it can meet the existing total power dynamic range requirements, we see no need to introduce a new requirement for SBFD. 
There is no need to define a new total dynamic range requirement for SBFD operation. 
Co-location and co-existence requirements
In the last meeting, two options were discussed for the co-location and co-existence requirements:
	Option 1: Co-location requirement can’t use 30 dB coupling loss as the coupling loss assumption for SBFD capable gNB co-location related requirement.

Option 2: No update on existing requirements, it’s declaration basis whether BS need to follow the requirements.



It is clear that co-location of SBFD wide area base stations on the same operating band will be difficult, if 30 dB coupling loss is assumed. However, to cover the co-location requirements on the same operating band, for SBFD slots, it has been agreed to define ACLR and ACS requirements and corresponding tests. The actual coupling loss that is assumed in this scenario is not at question.
The co-location and co-existence requirements are defined to cover inter-band deployments. Assuming the legacy coupling loss, that is the basis for the existing requirements, will ensure that SBFD capable base stations can co-locate and coexist with legacy base stations. Therefore, our preference is not to touch the existing requirements in order not to jeopardize the legacy deployments.
No update on existing requirements for co-location and co-existence is needed.
Transmitter intermodulation
The transmitter intermodulation requirement is a measure of the capability of the transmitter unit to inhibit the generation of signals in its non-linear elements caused by presence of the wanted signal and an interfering signal reaching the transmitter unit via the antenna, radio distribution network and antenna array. Here, we note that the existing TDD requirements are defined considering a coupling loss of 30 dB between the co-located gNBs, which are more stringent than the coupling loss assumed for SBFD capable gNBs. In the last meeting, there was a discussion on the transmitter intermodulation requirements. Three options were selected to be further discussed: 
1) TX IM is not applied in SBFD slots;
2) TX IM is applied in SBFD slots, but with a different interferer offset than 30dB, 
3) TX IM is applied in SBFD slots with 30dB interferer offset. SBFD RX requirements are not applicable when the TX IM interferer is applied.
In the issue above, we discuss whether the same 30 dB co-location requirements can be assumed for SBFD capable gNBs. In our view, there is no need to update the existing requirements. Our preference is Option 3, in which the TX IM requirements should still be applicable to SBFD slots with 30 dB interferer offset, and that SBFD Rx requirements are not applicable when the TX IM interferer is applied.
TX IM is applied in SBFD slots with 30dB interferer offset. SBFD RX requirements are not applicable when the TX IM interferer is applied. 
In-channel adjacent subband leakage ratio, In-channel adjacent subband blocking and adjacent subband selectivity  

SBFD introduces new types of interference, some of which are highlighted in the figure below. From the BS perspective, the new cases of interference come from: 1) self-interference, 2) inter-sector interference, and 3) gNB-gNB interference.
[image: ]
[bookmark: _Ref101452658]Figure 1: Types of interference in SBFD deployment
In the last RAN4 meeting, it has been agreed to have new OTA sensitivity requirements in SBFD time slot with self-interference only. Also, in the last RAN4 meeting, it has been discussed whether new requirements should be defined for the adjacent subbands, such as: 
· In-channel adjacent subband blocking and selectivity
· In channel adjacent subband leakage
Below, we discuss the need to introduce the different requirements to ensure the SBFD operation.
In our view, new requirements are needed to ensure interoperability between base stations of different vendors in the same network. They cannot be implicitly guaranteed by OTA sensitivity requirement. It is easier to cancel the effects of interference inside your base station, whereas from other base stations there might be no cancellation options. Inter-site and inter-sector BS interference should be taken into consideration in the definition of the requirements for SBFD operation.

The OTA sensitivity requirement does not capture the effects from inter-sector and inter-gNB interference. 
In RAN4#107, some companies argued that, since RAN4 has not agreed on a reference implementation for the gNB, it is difficult to define additional requirements. Though we agree that depending on the gNB implementation the adjacent channel leakage, for example, can be different, in our view, RAN4 is responsible to define minimum requirements which should be achievable for reasonable implementations to guarantee the minimum performance. 
In channel adjacent subband leakage ratio, in-channel adjacent subband blocking and in-channel adjacent subband selectivity requirements cannot be guaranteed implicitly by the OTA sensitivity requirement, since the methods used for self-interference cancellation, might not be available for cancelling interference from other sectors and gNBs, especially when considering a multi-vendor deployment.

Even though RAN4 has not agreed on a reference implementation for SBFD operation, minimum requirements can still be defined to ensure proper operation considering self-interference, inter-site and inter-gNB interference. 

In-channel adjacent sub-band leakage ratio requirements

In the last RAN4 meeting, two options have been discussed for the in-channel adjacent sub-band leakage ratio: 
· Option 1: Do not create a new requirement for in-channel adjacent sub-band leakage ratio
· Option 2: Create a new requirement on in-channel adjacent sub-band leakage ratio, similar to ACLR 
· Requirement limit should also be proposed
As shown in Figure 1, the leakage from the transmission in the DL subband can cause self-interference, inter-sector interference and gNB interference. The effects of the adjacent sub-band leakage into the gNBs own receiver can be cancelled to some extent, and we agree that this requirement can be implicitly guaranteed by the OTA sensitivity when considering self-interference only. However, the OTA sensitivity requirement does not guarantee that the sub-band leakage to other nodes in the network. Therefore, we believe that a new requirement is needed. The exact value of the requirement can be discussed in the work item phase, since in our view it would depend on the scaling between the DL/UL resource split. 

RAN4 to define in-channel adjacent sub-band leakage ratio requirements within SBFD time slots considering inter-sector interference and inter-site interference. The exact value of the requirement can be discussed in the work item phase. Existing ACLR requirements could be used as baseline with proper scaling between the bandwidths of the DL and UL subbands.

In-channel adjacent sub-band selectivity and blocking

Currently, the adjacent channel selectivity (ACS) is defined as a measure of the receiver's ability to receive a wanted signal at its assigned channel frequency in the presence of an adjacent channel signal with a specified centre frequency offset of the interfering signal to the band edge of a victim system. The in-band blocking is defined as: a measure of the receiver's ability to receive a wanted signal at its assigned channel in the presence of an unwanted interferer, which is an NR signal for general blocking or an NR signal with one resource block for narrowband blocking.
 In case of SBFD, the sub-band selectivity and blocking would be measured considering the offset between the UL subband and the DL subbands. 

In the last meeting, four options were discussed in this topic: 
· Option 1: Do not create a new requirement for in-channel adjacent sub-band selectivity or blocking
· Option 2: Create a new requirement on in-channel adjacent sub-band selectivity (similar to ACS), but no blocking requirement
· Requirement limit should also be proposed
· Option 3: Create a new requirement on in-channel adjacent sub-band blocking, but no selectivity requirement
· Requirement limit should also be proposed
· Option 4: Create new requirements on in-channel adjacent sub-band selectivity (similar to ACS) and blocking 
· Requirement limits should also be proposed
We do not support Option 1. As mentioned before, the gNB operating in SBFD would suffer from self-interference, inter-sector interference and inter-site interference. Therefore, there should be a requirement for the in-channel adjacent sub-band selectivity or blocking. Again, it can be argued that the in-channel adjacent sub-band selectivity can be captured in the OTA sensitivity requirements. However, as in the in-channel adjacent sub-band leakage ratio case, this test does not capture the selectivity in the presence of inter-sector and inter-gNB interference. Furthermore, there might be base stations of different vendors in the same network. That is why these requirements are needed to ensure interoperability between these base stations.


Regarding whether both the in-channel adjacent sub-band selectivity and blocking requirements should be created, it is important to discuss how the existing adjacent channel and in-band blocking requirements are defined and tested. The tests differ in terms of:
· the frequency offset between the RF bandwidth edge and the center frequency of the unwanted signal;
· the unwanted signal power level 
In case of assessment of the in-channel adjacent sub-band selectivity or blocking test, the frequency offset should the same, since it depends on the configuration of the UL and DL sub-bands. Therefore, we do not believe that defining/ testing both requirements is necessary. Our preferred options would be Option 2 or Option 3 in the WF from RAN4 #108bis meeting.

RAN4 to define either in-channel adjacent sub-band selectivity or blocking requirements, the exact requirement limits could be discussed during the WI.
[bookmark: _Toc116995848]Conclusion
This contribution presents our further views on the SBFD BS RF requirements aspects. The following observations and proposals were discussed:
1. There is no need to define a new total dynamic range requirement for SBFD operation. 
1. No update on existing requirements for co-location and co-existence is needed.
1. TX IM is applied in SBFD slots with 30dB interferer offset. SBFD RX requirements are not applicable when the TX IM interferer is applied. 
1. The OTA sensitivity requirement does not capture the effects from inter-sector and inter-gNB interference. 
In RAN4#107, some companies argued that, since RAN4 has not agreed on a reference implementation for the gNB, it is difficult to define additional requirements. Though we agree that depending on the gNB implementation the adjacent channel leakage, for example, can be different, in our view, RAN4 is responsible to define minimum requirements which should be achievable for reasonable implementations to guarantee the minimum performance. 
In channel adjacent subband leakage ratio, in-channel adjacent subband blocking and in-channel adjacent subband selectivity requirements cannot be guaranteed implicitly by the OTA sensitivity requirement, since the methods used for self-interference cancellation, might not be available for cancelling interference from other sectors and gNBs, especially when considering a multi-vendor deployment.

Even though RAN4 has not agreed on a reference implementation for SBFD operation, minimum requirements can still be defined to ensure proper operation considering self-interference, inter-site and inter-gNB interference. 
RAN4 to define in-channel adjacent sub-band leakage ratio requirements within SBFD time slots considering inter-sector interference and inter-site interference. The exact value of the requirement can be discussed in the work item phase. Existing ACLR requirements could be used as baseline with proper scaling between the bandwidths of the DL and UL subbands.

RAN4 to define either in-channel adjacent sub-band selectivity or blocking requirements, the exact requirement limits could be discussed during the WI.
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