[bookmark: _Hlk37418177]3GPP TSG RAN WG4 #111	R4-2409411
Fukuoka, Japan, May 20 – 24, 2024

Agenda item:		10.12.2.2
Source:	Nokia
Title:	On potentially new BS RF requirements for SBFD operation
Document for:		Approval
[bookmark: _Ref134976538]Introduction
A Way Forward was agreed in RAN4#110bis [1] regarding evolution of NR duplex operation. The following agreements were made:
Issue 2-4-1: SBFD frequency-domain configuration in RAN4 specification
· Agreement: 
· It is within RAN4 scope to study/specify the limitation or restriction on the size of subband/guardband, by taking account different feasible BS/UE implementations.
· FFS how RAN4 specification captures the subband configurations 
· FFS the necessity of standardize the guardband;
· If needed, FFS the sizes of guardband in RAN4 shall be decided. 
Issue 2-5-1: SBFD operation in BS configured with multi-carriers
· Agreement: 
· Rel-19 requirement shall consider both (1) single carrier operation for SBFD (2) SBFD operates in only one BS carrier, and legacy TDD operates in other intra-band BS carrier(s) contiguous or non-contiguous to the SBFD carrier.
Issue 2-6-1: Co-location requirement and reference antenna
· Way forward: 
· Continue the discussion on TX IMD requirement for SBFD, based on the existing assumption for co-location reference antenna. 
· The assumption of co-location reference antenna could be revised based on the outcome from BS RF enh. WI. 
· 

The WF also states: “Companies are encouraged to contribute on issues as summarized in the moderator summary [R4-2405833].”
This contribution further elaborates Nokia’s views on the potentially new BS RF requirements for SBFD operation at gNB.
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Frequency bands
In the previous meeting RAN4#110bis a discussion was held regarding the frequency bands SBFD should be specified. It is quite clear that SBFD will be very difficult or even impossible to deploy to existing bands due to additional interference, regulation of frequency spectrum and coordination between countries. SBFD would be less problematic for the new bands where there are no existing TDD deployments yet. Our preference is band n104 covering the upper 6GHz spectrum (6425 – 7125 MHz).
 Focus in defining the BS RF requirements for SBFD-capable BS to n104 band.

Introducing potentially new BS RF requirements
The way to introduce BS RF new requirements for SBFD-capable BS was also discussed in the previous meeting. Companies were encouraged to share their proposal with examples. We think the best and most clear way would be to introduce new sub-clauses in TS 38.104. The main argument is that SBFD is important feature that should be explicitly visible in specification. Similar approach is already used in UE core specification TS 38.101-1 or Repeater/NCR in Rel-17/18, or IAB/mIAB in Rel-16/17/18 where specific requirement sub-clauses are used for some new network entities or requirements. Also, in the future releases when some potential enhancements may come, such approach will be beneficial and will allow easier maintenance work. 
 For introduction of new BS RF requirements for SBFD operation, creating new sub-clauses is proposed. 

Potentially New BS requirements

Transient period

In RAN1#110, RAN1 defined three antenna configuration options for the purpose of the evaluation in Rel-18. In Antenna configuration 1, as in normal TDD, there is a switch between the transceiver units and antenna elements groups used for DL and UL. The same elements that are used for Tx, are also used for Rx, as in TDD. Therefore, the same requirements should be defined for a transition between normal slot and SBFD slot. For Antenna configuration 2 and 3, reciprocity method 2-1 and 3-1, the panel groups are either used for DL or UL, so there is no switching between the Tx / Rx chain for a given panel group. However, even in these options there will be a reconfiguration for the transmission/ reception in the entire carrier (in non-SBFD symbols/slots) or parts of the carrier (in SBFD symbols/slots). If parts of the array are being reconfigured, for example from the transmission in a subband to the transmission in the entire carrier, our view is that there should be a transient period requirement.
Depending on the antenna configuration option, a transition time may be needed between normal slot and SBFD slots.
 Use existing transient period requirement as a baseline for transition between normal slot and SBFD slots.

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) co-site inter-sector interference, and 3) inter-site interference.
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[bookmark: _Ref101452658]Figure 1: Types of interference in SBFD deployment
During the study item, 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 repeat 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 from 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 co-site 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 co-site inter-sector and inter-site interference. 
As 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 enable proper operation considering self-interference, co-site inter-sector and inter-site interference. 

In-channel adjacent sub-band leakage ratio requirements

In the TR 38.858 [2], it is stated: For the potential new requirement of in-channel adjacent subband leakage ratio, it is concluded that further study is needed on the necessity of this requirement in normative phase.
As shown in Figure 1, the leakage from the transmission in the DL subband can cause self-interference, co-site inter-sector interference and inter-site 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 adjacent sub-band leakage to other nodes in the network is sufficiently low, too. Therefore, we believe that a new requirement is needed. The exact value of the requirement needs more discussion, since in our view it would depend on the ratio between the bandwidths of the DL and the UL subbands. 

 RAN4 to define in-channel adjacent sub-band leakage ratio requirements within SBFD time slots considering co-site inter-sector interference and inter-site interference. Existing ACLR requirements could be used as baseline depending on the ratio between the bandwidths of the DL and the UL subbands.

In-channel adjacent sub-band selectivity and blocking

In the TR 38.858 [2], it is stated: For the potential new requirements of in-channel adjacent subband blocking and selectivity, it is concluded that further study is needed on the necessity of this requirement in normative phase.
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 locations of the UL subband and the DL subbands.

As mentioned before, the gNB operating in SBFD would suffer from self-interference, co-site 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 co-site inter-sector and inter-site interference. Furthermore, there might be base stations from 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 current 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 but only one of them would suffice. Our preference is to define in-channel adjacent sub-band selectivity.

 RAN4 to define in-channel adjacent sub-band selectivity requirement, the exact requirement limits to be discussed.
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Conclusion
In this contribution, our views on the potentially new SBFD BS RF requirements are presented. There were observations and proposals as listed below.
1. Depending on the antenna configuration option, a transition time may be needed between normal slot and SBFD slots.
1. The OTA sensitivity requirement does not capture the effects from inter-sector and inter-gNB interference. 
1. 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.
1. 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.
 
1.  Focus in defining the BS RF requirements for SBFD-capable BS to n104 band.
1.  For introduction of new BS RF requirements for SBFD operation, creating new sub-clauses is proposed. 
1.  Use existing transient period requirement as a baseline for transition between normal slot and SBFD slots.
1.  RAN4 to define in-channel adjacent sub-band leakage ratio requirements within SBFD time slots considering inter-sector interference and inter-site interference. Existing ACLR requirements could be used as baseline depending on the ratio between the bandwidths of the DL and the UL subbands.
 RAN4 to define in-channel adjacent sub-band selectivity, the exact requirement limits to be discussed.
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