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1. Introduction
In last meeting, A WF on SBFD BS RF requirement has been approved[1]. In this contribution, we continue discuss remaining issues.
2. Discussion
In last meeting, it’s approved that at study item focus on discussing which legacy requirements are still applicable, which legacy requirements are not applicable and which new requirements are needed. If there is still time left in R18, we can discuss the candidate range for RF requirement and the methodology of requirements introduction. Following list our suggestions for remaining RF requirements.
2.1 Total power dynamic range
Following capture last meeting WF:
	· The requirement limit for the total power dynamic range for SBFD slots is not as yet agreed. Contributions proposing a requirement limit are encouraged.



[2] propose that dynamic range corresponds to the SBFD total max power divide average non-SBFD per-RB-power in dB scale with following in mind that per-RB-power of SBFD gNB would be the same as that of non-SBFD gNB because even when part of antenna array is utilized, power could be increased for SBFD BS to meet above same target per-RB-power as non-SBFD slots. But this means required total Tx power could be larger for that of non-SBFD gNB when almost all RB are configured for SBFD DL, e.g. only reserve 1 UL PRB. This total Tx power may be hard to achieve especially for the SBFD implementation with same number of antenna element as non-SBFD but splitting half for Tx and half for Rx.
It is reasonable to expect that Tx power for each DL RB of SBFD is the same among all SBFD DL RB configuration. In theory total dynamic range equals to 10*log10(total utilized DL RB number). we can assume typical guard band between DL-UL SBFD for RF definition and derive total power dynamic range. In this way guard band is implicitly defined.
Observation 1: further discussion in work phase is needed regarding whether RAN4 could assume some typical D-U and U-D guard band for total power dynamic range RF requirements definition in work phase.
2.2 Tx inter-modulation requirements
Following capture last meeting WF:
	· For transmitter intermodulation in SBFD slots, further contributions are encouraged to decide on one of the following options: 
· TX IM is not applied in SBFD slots
· TX IM is applied in SBFD slots, but with a different interferer offset than 30dB
· TX IM is applied in SBFD slots with 30dB interferer offset. SBFD RX requirements are not applicable when the TX IM interferer is applied.


For conducted Tx IMD, the interference source is assumed 30dB MCL away from Tx unit. If we reuse this same 30dB MCL assumption for SBFD case, SBFD receiver may be blocked, e.g. 46-30=19dBm. On the other hand, during self-interference analysis, typical spatial isolation for UMa, Umi are much larger than 30dB, e.g. 80dB. 
For above option 3, if there is still SBFD Rx operation, receiver may be blocked which should be avoided rather than stating SBFD Rx requirements are not applicable. One alternative solution is to make Rx not available, which is equivalent to non-SBFD slot with no U configuration. From this point of view, Tx IMD testing at non-SBFD slot is already enough and Tx IM is not applied in SBFD slots.
Proposal 1: TX IM is not applied in SBFD slots to avoid blocking receiver. But for testing, Tx IMD is still suggested to be tested in non-SBFD slot for the SBFD gNB.  
2.3 Co-location requirements
Following capture last meeting WF:
	· Co-location/co-existence: 
· 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. FFS whether applicable for SBFD symbols/slots. 



· For inter-band co-location requirements ,i.e. between different operation bands
For 30dB MCL, since legacy NR gNB could already support this co-located emission and blocking requirements, it’s not needed to further relax such co-located requirements especially when this co-location is declaration basis.
For legacy co-located requirements, there is no explicitly restriction of synchronized operation. In stead, our understanding is that synchronized or non-synchronized operation are both allowed for co-location requirements between different operation bands. For SBFD, the only difference is when receiving blocking signal from different band gNB, there is also additional self-interference. But anyway since self-interference is already reduced to be lower than 1dB desense. This self-interference could be avoided. Therefore, it’s OK not updating existing requirements even for SBFD slots/symbols.
Proposal 2: No updating on existing inter-band co-location requirements, Manufacturer will declare whether support co-location requirements in SBFD symbols/slots
· For intra-band adjacent carrier co-location requirement, i.e. co-location ACLR and ACS
For legacy NR network, ACLR and ACS are derived based on 100% grid shift which is the worst case compared with all other grid shift values. So there is no additional co-location requirements in NR spec. For SBFD network, adjacent-channel co-existence simulation only focus on not less than 10% grid shift values and 0% grid shift is avoided. But the Common understanding is that 0% grid shift is the worst case. So it seems co-location ACLR/ACS requirements are needed.
If we still use 30dB or even 50dB co-location CLI assumption, adjacent channel co-location seems not feasible when BS-BS CLI occurs between networks using different SBFD configurations or when adjacent-channel network is NR network. One alternation solution is still defining co-located requirements but with explicitly stating assumed spatial isolation and max gNB Tx power assumption. When operators deploy SBFD network, they should at first evaluate whether link budget is achievable or not in corresponding deployment environment. 
For the co-location ACS requirement, we can also define the input interference power level under the same REFSENSE degradation as legacy ACS requirements. But detailed interference power level could be larger to show gNB’s typical or optimal performance rather than minimum requirements since this co-location requirement is declaration basis and don’t need to reflect all BS’s performance. When BS can’t support this requirements, they don’t declare support. The higher interference power level, the less spatial isolation and more feasible for actual deployment environment. As for detailed interference power level, we can have a further discussion in work phase but keep in mind that this is not the minimum requirements and are not mandatory for all BS, instead this is the typical/optimal BS performance.
Proposal 3: For intra-band adjacent channel co-location requirements, One alternation solution is to define requirements but with explicitly stating assumed spatial isolation and max gNB Tx power and keep in mind that this is not the minimum requirements, instead this is the typical/optimal BS performance under declaration basis.
2.4 in-channel adjacent sub-band leakage ratio
Last meeting agreement is listed as below:
	Further contributions are welcomed taking into account the following options:
· 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



When sub-band Tx leakage fall into Rx sub-band within the same carrier, this interference may contribute to REFSENSE level. Previous agreements are that further study if OTA sensitivity should be defined considering all of the scenarios including self-interference, inter-site interference and inter-sector interference. So this sub-band leakage requirements falling into the same carrier should be discussed together with OTA sensitivity requirements. 
Proposal 4: This sub-band Tx leakage falling into the same carrier should be discussed together with OTA sensitivity requirements.  
When sub-band Tx leakage fall into adjacent carrier, this is something like ACLR. The similar definition methodology could be reused with assumed equal Tx bandwidth and Rx bandwidth. One issue is which grid shift value should we use to conclude final sub-band selectivity and blocking conclusion. 
For most co-existence scenarios, the less grid shift, the higher required ACIR, but for macro interfere micro scenario, the trend is not applicable. So in theory, all grid shifts should be encompassed, among which 0% grid shift could be used for co-location requirements as stated in section 2.3 and other grid shift values are for general ACLR/ACS requirements. But we should also keep in mind the ACIR can’t increase all the way due to implementation restriction and is also limited by un-enhanceable ACLR or ACS of adjacent-channel legacy NR network. 
In normal phase stage, when we define final sub-band ACLR we should consider the trade-off between grid shift and BS implementation restriction. For example when co-exist with legacy NR network, the ACLR/ACS could be equal to adjacent-channel network ACS and ACLR since further enhancement will not contribute to higher ACIR. When co-exist with SBFD of different configuration, ACLR/ACS could be derived considering current technical level if co-existence results show challenging and unachievable ACIR.
2.5 in-channel adjacent sub-band selectivity or blocking
Last meeting agreement is listed as below:
	Further contributions are welcomed taking into account the following options:
· 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


For legacy ACS and blocking requirements, the main difference are the interference signal level and interference signal position. For ACS, the interference signal is at first adjacent channel and interference signal power is calculated based on sensitivity desense and ACS value. For in-band blocking, the interference signal is at second adjacent channel and interference signal power is 9dB higher derived as 95% point on CDF of all gNB’s total input power level. So the ACS requirement and blocking requirement can’t replace each other.  
The same story of ACS and blocking also applies for sub-band case. We need both selectivity and blocking requirements. One is based on co-existence conclusion to meet 5% throughput loss and the other is with higher interference level with another sub-band frequency offset. 
Proposal 5: both sub-band selectivity and blocking requirements should be considered.
Regarding how to conclude sub-band selectivity and blocking requirements, the story is much similar as stated in section 2.4 for sub-band Tx leakage.
When Tx interference signal is within the same carrier, this sub-band selectivity may contribute to REFSENSE degradation. Previous agreements are that further study if OTA sensitivity should be defined considering all of the scenarios including self-interference, inter-site interference and inter-sector interference. Sub-band selectivity requirements when Tx interference is within the same carrier should be discussed together with OTA sensitivity requirements. If OTA sensitivity will consider encompass these sub-band interference, sub-band selectivity with Tx interference signal within carrier is not needed.
Proposal 6: Sub-band selectivity requirements when Tx interference is within the same carrier should be discussed together with OTA sensitivity requirements. If OTA sensitivity will consider encompass these sub-band interference, sub-band selectivity with Tx interference signal within carrier is not needed.
When Tx interference signal is in adjacent carrier, the same as discussed in section 2.4 for sub-band Tx leakage.
3. Conclusions
In this contribution, SBFD RF requirements are discussed with following observations and proposals.
Observation 1: further discussion is needed regarding whether RAN4 could assume some typical D-U and U-D guard band for total power dynamic range RF requirements definition in work phase stage.
Proposal 1: TX IM is not applied in SBFD slots to avoid blocking receiver. But for testing, Tx IMD is still suggested to be tested in non-SBFD slot for the SBFD gNB.
Proposal 2: No updating on existing inter-band co-location requirements, Manufacturer will declare whether support co-location requirements in SBFD symbols/slots
Proposal 3: For intra-band adjacent channel co-location requirements, One alternation solution is to define requirements but with explicitly stating assumed spatial isolation and max gNB Tx power and keep in mind that this is not the minimum requirements, instead this is the typical/optimal BS performance under declaration basis.
Proposal 4: Sub-band Tx leakage falling into the same carrier should be discussed together with OTA sensitivity requirements. 
Proposal 5: both sub-band selectivity and blocking requirements should be considered.
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