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1. Background
The SI “study on evolution of NR duplex operation” is planned to be discussed in RAN4 from this RAN4 meeting. One of the objectives in the SI is as following,
· 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).
This contribution provides our preliminary consideration of this objective.
2. Discussion
As discussed in our contribution [5], for intra-band CLI, RAN4 need to discuss the blocking issue. For gNB self-interference, inter-band CLI, at least the following two issues should be analysed in RAN4.
1) Victim Rx path is not blocked by the aggressor Tx band power.
2) Victim Rx band noise due to the aggressor Tx leakage.
For the above two aspects, the gNB self-interference and inter-band CLI have different analysis methodology and different noise sources. Therefore they should be discussed separately.
As the FR1 and FR2 implementation and requirements are different, the SBFD solution may be different. So the discussion should be separated.
Proposal 1: The SBFD discussion for FR1 and FR2 should be separated.
This contribution takes FR1 gNB as example to discuss some general issues for the RAN4 SBFD discussion.
2.1 gNB self-interference
2.1.1 Rx blocking issue
The Rx blocking issue should be solved before the Rx noise due to the Tx leakage issue is discussed. The followings are the current BS Tx power, Rx blocking requirement for different FR1 BS classes. Here in-band blocking is used for the blocking issue discussion because out of band blocking can be partly rejected by the analog band filter.
Table 1: FR1 BS in-band blocking requirements
	FR1 BS class
	Tx power (dBm)
	Rx in-band blocking (dBm)
	REFSENS degradation (dB)
	Tx power – Rx IBB power (dB)

	Wide Area BS
	No upper limit
(Take 53 dBm as an example)
	-43
	6
	Tx power +43 (96 dB for the example)

	Medium Range BS
	≤ 38
	-38
	6
	76

	Local Area BS
	≤ 24
	-35
	6
	59



From the Table 1, it can be seen that the if current BS Rx blocking requirement is not changed, in order to not block the Rx path, the Tx power radiated at Rx path should be mitigated 60~(>90) dB for each BS class. If SBFD BS Rx blocking requirement can be improved, the self-interference cancellation (SIC) request for blocking issue can be reduced. However, as non-SBFD BS RF requirement has been fixed for several years, the non-SBFD BS RF requirements shouldn’t be impacted by the SBFD study. It’s estimated that the SBFD BS need much implementation improvements. Any possible improvments shouldn’t be used for non-SBFD BS considering the cost sacrifice.  Therefore, we have the following proposal:
Proposal 2: SBFD discussion doesn’t impact current non-SBFD BS RF requirements, such as blocking requirements, etc. Whether SBFD BS defines new requirements depends on the further discussion in SBFD study.
If the target is to not blocking Rx path, RAN4 should align some assumptions before the discussion. The blocking capability discussion may be coupled with the SIC capability discussion. If the Rx blocking capability is good, the request for SIC can be relaxed a little. On the other hand, if the SIC capability is good, the Rx blocking requirement may only need to be improved a little or even not changed. So we have the following proposal,
Proposal 3: The following two capabilities should be discussed together for SBFD gNB self-interference Rx blocking issue.
· SBFD BS Rx blocking capability at Tx subband
· Self-interference cancellation capability at Tx subband
As discussed in [6] SIC techniques can be divided among propagation, analog, and digital domains based on the location of where the signal cancellation occurs. For each domain, there’re several techniques as listed in the following figure which is copied from [6].
[image: ]
Figure 1: SIC techniques organized into a tree diagram that lists the various methods for the propagation, analog, and digital domains. (Copied from [6])
For the RAN4 discussion organization, the SIC capability can be treated as a total capability or three separated capabilities. We slightly prefer to separately discuss the three domain capabilities to make the discussion clearer. Regarding how to reply RAN1, it can have some flexibility. If a total capability is clear enough for RAN1 understanding, the total capability is a good choice. So we have the following proposal,
Proposal 4: The SIC capability at Tx sub-band is divided to the following three domains for further discussion.
· Propagation domain SIC capability at Tx sub-band
· Analog domain SIC capability at Tx sub-band
· [Digital domain SIC capability at Tx sub-band]
How to reply RAN1 such as total capability or separate capability can have some flexibility.
For the digital domain SIC, it should be noted that it only can help when the ADC is not saturated. So the propagation and analog domain techniques should grantee that the ADC can sample both the remaining blocking signal and wanted signal at Rx subband. If the ADC dynamic range is not changed, the SIC capability may mainly rely on the propagation and analog domain techniques.
Observation 1: SIC capability for Rx blocking issue may mainly rely on the propagation and analog domain techniques.
2.1.2 Rx SB noise due to the Tx leakage
For the Rx SB noise due to Tx leakage, it relies on the Tx leakage performance and the SIC capability at Rx SB. For Tx leakage performance, RAN4 should decide if Tx SB filter should be used.
Proposal 5: RAN4 should decide if BS Tx SB filter should be used for the Tx leakage performance evaluation.
For the SIC capability at Rx SB, the theory is very similar with the discussion in 2.1.1. The only difference is that the SIC is at Rx SB not Tx SB. For the SIC at Tx SB, some techniques use the known Tx signal to do the cancellation. But for SIC at Rx SB, it may be different because the Tx leakage is caused by the non-linearity of the RF components, some techniques based on the known Tx signal may not work well especially for the digital domain SIC.
Observation 2: Some techniques based on the known Tx signal may not work well for SIC at Rx SB.
However, for the general approach, the similar proposal with proposal 4 is proposed,
Proposal 6: The SIC capability at Rx sub-band is divided to the following three domains for further discussion.
· Propagation domain SIC capability at Rx sub-band
· Analog domain SIC capability at Rx sub-band
· [Digital domain SIC capability at Rx sub-band]
How to reply RAN1 such as total capability or separate capability can have some flexibility.
2.2 Inter-band CLI
The inter-subband CLI includes the following scenarios:
· (inter-cell) inter-site gNB-gNB co-channel inter-subband CLI
· (inter-cell) co-site inter-sector co-channel inter-subband CLI
· (intra-cell/inter-cell) UE-UE co-channel inter-subband CLI
In order to further discuss the Rx blocking issue, the analysis assumption should be discussed and decided. The possible assumptions include network layout model, gNB parameters, UE parameters, etc.
Proposal 7: The Rx blocking analysis assumption for inter-subband CLI, such as layout model, gNB parameters, UE parameters, etc, should be decided before the further discussion.
In order to further discuss the Rx SB noise due to the Tx leakage, gNB and UE subband Tx leakage performance should be discussed and decided. If UE SB filter is not used, then the inband emission requirement can be the candidate performance reference for UE Tx leakage performance. For gNB, the same issue as proposal 5 exists. But from system requirement point of view, the Tx leakage requirement for the two topics may be different. So still gNB Tx leakage issue should be discussed and decided. The implementation architecture assumption for both gNB and UE should be discussed and decided.
Proposal 8: The analysis assumption for gNB and UE subband Tx leakage performance should be discussed and decided, such as implementation architecture.
2.3 Intra-band CLI
For the following intra-subband interference,
· gNB-UE co-channel intra-subband interference
· UE-gNB co-channel intra-subband interference
· (inter-cell) inter-site gNB-gNB co-channel intra-subband CLI
· (inter-cell) co-site inter-sector co-channel intra-subband CLI
· (inter-cell) UE-UE co-channel intra-subband CLI
The Rx blocking issue should be analysed first in RAN4. If it’s not a problem, the simulation can be conduceted in RAN1. So the similar proposal as for inter-band CLI is proposed,
Proposal 9: The Rx blocking analysis assumption for intra-subband CLI, such as layout model, gNB parameters, UE parameters, etc, should be decided before the further discussion.
3 Summary
In this contribution, we have some preliminary discussion on the self-interference and CLI for SBFD. We have the following proposals and observations.
Proposal 1: The SBFD discussion for FR1 and FR2 should be separated.
Proposal 2: SBFD discussion doesn’t impact current non-SBFD BS RF requirements, such as blocking requirements, etc. Whether SBFD BS defines new requirements depends on the further discussion in SBFD study.
Proposal 3: The following two capabilities should be discussed together for SBFD gNB self-interference Rx blocking issue.
· SBFD BS Rx blocking capability at Tx subband
· Self-interference cancellation capability at Tx subband
Proposal 4: The SIC capability at Tx sub-band is divided to the following three domains for further discussion.
· Propagation domain SIC capability at Tx sub-band
· Analog domain SIC capability at Tx sub-band
· [Digital domain SIC capability at Tx sub-band]
How to reply RAN1 such as total capability or separate capability can have some flexibility.
Observation 1: SIC capability for Rx blocking issue may mainly rely on the propagation and analog domain techniques.
Proposal 5: RAN4 should decide if BS Tx SB filter should be used for the Tx leakage performance evaluation.
Observation 2: Some techniques based on the known Tx signal may not work well for SIC at Rx SB.
Proposal 6: The SIC capability at Rx sub-band is divided to the following three domains for further discussion.
· Propagation domain SIC capability at Rx sub-band
· Analog domain SIC capability at Rx sub-band
· Digital domain SIC capability at Rx sub-band
How to reply RAN1 such as total capability or separate capability can have some flexibility.
Proposal 7: The Rx blocking analysis assumption for inter-subband CLI, such as layout model, gNB parameters, UE parameters, etc, should be decided before the further discussion.
Proposal 8: The analysis assumption for gNB and UE subband Tx leakage performance should be discussed and decided, such as implementation architecture.
Proposal 9: The Rx blocking analysis assumption for intra-subband CLI, such as layout model, gNB parameters, UE parameters, etc, should be decided before the further discussion.
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