
[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting#105                               R4-2219358                         
Toulouse, France,14th Nov – 18th Nov,2022
Agenda item:	8.18.2
Source: 	ZTE Corporation
Title: 	Further discussion on reply LS for full duplex BS
[bookmark: DocumentFor]Document for:	Approval   
Introduction
In RAN#94e meeting, the work item [RP-221352] on study on evolution of NR duplex operation was approved as one of Rel-18 RAN1 package. During the last RAN1#109-e meeting, there was one LS [3] sent from RAN1 to seek the clarification from RAN4 perspective. In the last RAN4#104e meeting, the initial response LS has been sent back to RAN1 for further discussions, however there are still lots of open issues left for further clarifications from RAN4 perspective.Therefore in this contribution, we want to share some initial feedback on that reply LS.
[bookmark: OLE_LINK14][bookmark: OLE_LINK20][bookmark: OLE_LINK10][bookmark: OLE_LINK13]Reply LS  
First of all, before the discussion for the details of self interference of full duplex BS, it’s necessary to have the overview of RF architecture of full duplex BS. As shown in the following figure 1 for FR1 full duplex BS and FR2 full duplex BS. 
· The following should be asked to RAN4:
· Question 1-1: What is the value range of RSI  for each frequency range, and under what assumptions on the self-interference suppression means the value range of RSI is provided?
· RAN1 understands the RSI can be described per subband, per RB, or per subcarrier depending on the granularity of the frequency unit, and it is up to RAN4 to provide the RSI in which granularity.
Reply:
The value of RSI  is highly implementation dependent as discussed in the last RAN4 meeting and this will also vary among different BS class supporting full duplex and different frequency ranges. Basically, to ensure the minimum performance degradation due to the self-interference of SBFD BS, then required RSI would also differ among different BS class and also differ in different frequency ranges. Therefore from our understanding, it’s better to have different RSI assumptions/capability for different BS class supporting full duplex. 
For its low boundary of RSI for different BS class, it was agreed to ensure the minimum performance degradation with 1dB sensitivity degradation as starting point and further discuss other more stringent values..
Regarding the high boundary of RSI, this should be totally up to the vendor’s implementation which could be quite higher with high cost and implementation complexity and the high boundary of RSI should be just treated as information only instead of as baseline of the evaluation the full duplex BS.

For RSI of FR1 SBFD BS, the following approach could be used to handle the self-interference:
1) Antenna isolation from transmitter to receiver;
2) Sub-band filtering of transmitter to further reject the leakage into the receiver;
3) Sub-band ACLR of transmitter which is mainly determined by the PA performance and digital filtering/DPD performance implemented for DL sub-band;
4) Sub-band filtering of receiver to reject the power from the transmitter;
5) Sub-band ACS of receiver to reject the power from the transmitter by digital filtering;
6) Digital interference cancellation at receiver;
7) RF interference cancellation;
8) Beam nulling/isolation.
For the linear of RSI of FR1 SBFD BS could be modeled as following taken the above factors into account:


Table 1. self interference analysis for FR1 example Medium range BS supporting full duplex operation
	BS class 
	Company

	Medium range BS
	ZTE

	System parameters
	Value

	Operating frequency, Fc
	4.9GHz

	DL BW
	50MHz

	UL BW
	50MHz

	SCS
	30kHz

	GB
	Left up to implementation if analog sub-band filtering is considered

	Antenna configuration
	4x4 for transmitter 
4x4 for receiver 

	Separation distance between Tx panel and Rx panel
	0.12m

	Self interference mitigation factors
	Value [dB]

	Antenna isolation from transmitter to receiver; ①
	50dBc

	Sub-band filtering of transmitter to further reject the leakage into the receiver; ②
	[30]

	ACLR of transmitter which is mainly determined by the PA performance and digital filtering implemented for DL; ③
	45dBc

	Sub-band filtering of receiver to reject the power from the transmitter; ④
	46dB

	ACS of receiver to reject the power from the transmitter by digital filtering;⑤
	46dB

	Digital interference cancellation at receiver;⑥
	[30]

	RF interference cancellation; ⑦
	NA

	Beam nulling/isolation; ⑧
	NA

	Self interference calculation at receiver baseband (Note 1)
	Value [dBm]

	From transmitter leakage perspective ①
	31dBm-45(ACLR)-50(antenna isolation)-30(digital cancellation/sub-band filtering)-10*log10(50*10)
=-121dBm/100kHz

	From receiver channel selectivity perspective: ②
	31dBm-50(antenna isolation)-45 (sub-band filter)-46dB (ACS)-10*log10(50*10)
= -136.9897dBm/100kHz

	Total interference of ①+②
	

	Self interference calculation at receiver LNA input (Note 2)
	Value [dBm]

	Received power within freq range of wanted signal ③
	31dBm-45(ACLR)-50(antenna isolation)
=-64dBm>-67.1dBm interference level of dynamic range requirement of 50MHz

	Received power within freq range of DL signal ④
	31dBm-50(antenna isolation)-45 (sub-band filter)
= -54dBm<-50dBm for ACS requirement and -38dBm for IBB requirements of 50MHz

	Noise figure impact due to AGC impact
	FFS

	Receiver phase noise reciprocal mixing due to large input power from transmiter
	NA

	NOTE 1: If referense degradation due to self-interference of full duplex BS is expected to1dB, then the total interference received should be -174dBm/Hz+10*log10(100*10^3)+10dB-6dB= -120dBm/100kHz
NOTE 2: The received power at the receiver LNA should be taken into account, otherwise this might be blocked due to the high input power. 



For RSI of FR2 SBFD BS, the following approach could be used to handle the self-interference:
1) Antenna isolation from transmitter to receiver;
2) Sub-band filtering of transmitter to further reject the leakage into the receiver; [not applicable]
3) Sub-band ACLR of transmitter which is mainly determined by the PA performance and digital filtering/DPD performance implemented for DL;
4) Sub-band filtering of receiver to reject the power from the transmitter; [not applicable]
5) Sub-band ACS of receiver to reject the power from the transmitter by digital filtering;
6) Digital interference cancellation at receiver;
7) RF interference cancellation;
8) Beam nulling/isolation.
For the linear of RSI of FR2 SBFD BS could be modeled as following taken the above factors into account:


Table 2. self interference analysis for FR2 Wide area BS supporting full duplex operation
	BS class
	Company

	Wide area BS
	ZTE

	System parameters
	Value

	Operating frequency, Fc
	30GHz

	DL BW
	100MHz

	UL BW
	100MHz

	SCS
	120kHz

	GB
	To follow the guardband defined in 38.104

	Antenna configuration
	8x8 for transmitter with 8dBm per antenna element
8x8 for receiver 

	Separation distance between Tx panel and Rx panel
	0.2m

	Self interference mitigation factors
	Value [dB]

	Antenna isolation from transmitter to receiver; ①
	96dBc

	Sub-band filtering of transmitter to further reject the leakage into the receiver; ②
	N/A

	ACLR of transmitter which is mainly determined by the PA performance and digital filtering implemented for DL; ③
	28dBc

	Sub-band filtering of receiver to reject the power from the transmitter; ④
	N/A

	ACS of receiver to reject the power from the transmitter by digital filtering;⑤
	24dB

	Digital interference cancellation at receiver;⑥
	N/A

	RF interference cancellation; ⑦
	N/A

	Beam nulling/isolation; ⑧
	N/A

	Self interference calculation at receiver baseband (Note 1)
	Value [dBm]

	From transmitter leakage perspective ①
	26dBm-28(ACLR)-96(antenna isolation)-10*log10(50*10)
=-125dBm/100kHz

	From receiver channel selectivity perspective: ②
	26dBm-96(antenna isolation)-24dB (ACS)-10*log10(50*10)
= -120.9897dBm/100KHz

	Total interference of ①+②
	

	Self interference calculation at receiver LNA unit input (Note 2)
	Value [dBm]

	Received power within freq range of wanted signal ③
	26Bm-28 ACLR-96(antenna isolation)
=-98dBm
Note: there is no FR2 Rx dynamic range requirements defined .

	Received power within freq range of DL signal ④
	26dBm-96(antenna isolation)
= -70dBm <-83dBm (refesens)+27.7 ACS

	Noise figure impact due to AGC impact
	FFS

	Receiver phase noise reciprocal mixing due to large input power from transmiter
	FFS

	NOTE 1: If referense degradation due to self-interference of full duplex BS is expected to 1dB, then the total interference received should be -174dBm/Hz+10*log10(100*10^3)+10dB-6dB= -120dBm/100kHz
NOTE 2: The received power at the receiver LNA should be taken into account, otherwise this might be blocked due to the high input power. 



· Question 1-2: Whether it is possible for RAN4 to provide RAN1 the respective capabilities of different self-interference suppression means? e.g., is it possible to provide the separate estimates for spatial isolation, subband frequency isolation, beamform nulling/isolation, and digital cancellation, etc., as below?
·  +… 
·  denotes the spatial isolation.
·  denotes the suband frequency isolation between the Tx frequency unit m and the Rx frequency unit n.
·  denotes the beamform nulling or beam isolation.
·  denotes the digital cancellation capability.

Reply：
Yes, it’s possible to provide the respective capabilities of different self-interference suppression.however all the these values are quite implementation dependent and might vary between different BS types. The feasible value for some BS class are provided in the previous table. In addition, the above formulation of total RSI could be modified as following:
For RSI of FR1 SBFD BS, the following approach could be used to handle the self-interference:
1) Antenna isolation from transmitter to receiver;
2) Sub-band filtering of transmitter to further reject the leakage into the receiver;
3) Sub-band ACLR of transmitter which is mainly determined by the PA performance and digital filtering/DPD performance implemented for DL sub-band;
4) Sub-band filtering of receiver to reject the power from the transmitter;
5) Sub-band ACS of receiver to reject the power from the transmitter by digital filtering;
6) Digital interference cancellation at receiver;
7) RF interference cancellation;
8) Beam nulling/isolation.
For the linear of RSI of FR1 SBFD BS could be modeled as following taken the above factors into account:


For RSI of FR2 SBFD BS, the following approach could be used to handle the self-interference:
1) Antenna isolation from transmitter to receiver;
2) Sub-band filtering of transmitter to further reject the leakage into the receiver; [not applicable]
3) Sub-band ACLR of transmitter which is mainly determined by the PA performance and digital filtering/DPD performance implemented for DL;
4) Sub-band filtering of receiver to reject the power from the transmitter; [not applicable]
5) Sub-band ACS of receiver to reject the power from the transmitter by digital filtering;
6) Digital interference cancellation at receiver;
7) RF interference cancellation;
8) Beam nulling/isolation.
For the linear of RSI of FR2 SBFD BS could be modeled as following taken the above factors into account:



· Question 1-3: Whether it is possible to simplify the RSI as frequency flat model, and under which condition(s) the dependency of the RSI on frequency can be ignored?
Reply:
for different self-interfernce supppression means, the assumption could be different e.g.
1) For antenna isolation or beam nulling/isolation within the sub-band of UL, this is not quite dependent on the frequency. 
2) For sub-band filtering regardless of transmitter and receiver side, its filter response in the frequency domain is not flat in fact. However for the simplification of coexistence work, maybe two step filter response model could be considered to reflect the self-interference level in better granularity..
3) For RF IC or digital IC, this is supposed to be flat in the frequency domain. 
In the last RAN4 meeting, we reached on the consensus that RSI can be modelled as (almost) frequency flat at least could be scaled to sub-band level, however there are still some remaining issues as following.
· FFS on guard band assumption between sub-band for SBFD 
· FFS on necessity/feasibility of RB level scaling
Firstly, regarding the guard band between the sub-band, from our understanding, the guard band is still needed since the digital filtering on sub-band should be applied to achieve the required ACLR and ACS as assumed in the previous table for the feasibility study. 
Secondly, regarding the necessity of RB level scaling, this should be necessary from coexistence study perspective since the scheduling granularity in the frequency domain in the uplink sub-band for each UE should be PRB level in practice. 

· Question 1-4: The feasibility of provided value range of RSI regarding factors such as blocking, AGC, etc.

Rely:
This has been mentioned in the previous table. From our understanding, the lowest value of RSI should at least ensure the proper receiver AGC function or not exceed the receiver’s blocking capability, otherwise it’ s useless to provide that value or just to confirm that it’s not feasible for some BS types. During the last RAN4 meeting, we reached the following consensus, however whether LNA and dynamic range should be considered as well is still kept FFS. From our understanding, there is no RAN4 requirement defined specifically for LNA and we only have the dynamic range requirement for FR1 NR BS receiver (Note: this is not applicable for FR2 NR BS received due to its low noise floor rise), therefore we propose to consider the receiver dynamic range requirement, in-band blocking together with 1dB sensitivity performance degradation to check its feasibility. The RSI value provided in table 1 and table 2 should be feasible from the in-band blocking, dynamic range and AGC perspective. 
· The in-band blocking is suggested to applied as starting point to ensure the receiver of UL sub-band is not blocked due to DL sub-band transmission 
· Besides blocking, LNA and dynamic range can be FFS for receiver side
· AGC may be applied to adjust the receiver gain to avoid ADC saturation if spatial isolation and analog IC, if found feasible, don’t provide enough reduction to self-interference. This may result in cost of an impact on sensitivity and potentially reduced coverage. However, it seems not feasible to model this in SLS.

· Question 1-5: Does RSI have any dependency with the following factors or any other factors? What are the dependencies?
· gNB’s antenna aspects, e.g., the assumed antenna architecture, the number of transmit chains and receive chains, etc.
Rely:
Yes, it depends on gNB’s antenna aspect, e.g. separation distance between transmitter and receiver antenna array or antenna pattern of transmitter and receiver antenna element/array would have the impacts on the RSI. The details could be found in the reply for Question 1-1/1-2.

· Frequency aspects, e.g., the frequency distance between the Tx frequency unit m and the Rx frequency unit n, the number of RBs allocated for DL transmission, etc.
Rely:
Yes, in general, it depends on frequency aspects since transmitter filter response and receiver filter response would vary with the increasing frequency separation from sub-band edge, however as replied in Question 1-3, it was agreed to have flat model assumption for the simplification of coexistence study.in both RAN1 and RAN4.
· Beam aspects, e.g., Tx/Rx beam-pair for FR1/FR2 especially for clutter echo, etc.
Rely:
Yes, this might have the impacts, however this might be quite environmental dependent, therefore it’s not easy to give the concrete answer for it. Maybe the RSI for beam nulling/isolation could be considered as input here.

· Note: RAN1’s consideration on the frequency locations and sizes of SBFD DL subband and SBFD UL subband assumed in SBFD operation can be provided to RAN4.

1) Agreements and questions on gNB-gNB and UE-UE co-channel inter-subband CLI modelling for system level simulation
Agreement
[bookmark: _Hlk103807408]For discussion of gNB-gNB and UE-UE co-channel inter-subband CLI modelling in system level simulation, RAN1 understands at least the following two aspects need to be considered:
· Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs to the non-allocated RBs in the same carrier.
· Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in the presence of the unwanted signals at the non-allocated RBs. (e.g. receiver blocking at the victim, overload of the receiver dynamic range, etc)
The following questions should be asked to RAN4: 
· Question 2-1: Whether it is feasible to consider the above two aspects for gNB-gNB and UE-UE co-channel inter-subband CLI modelling in system level simulation? Are there any other aspects should also be taken into account?
Rely:
It’s feasible, for receiver side, except for receiver blocking or receiver dynamic range requirement, we also need to consider the acceptable referens degradation (e.g. 1dB sensitivity performance degradation as agreed in last RN4 meeting)due to the self-interference firstly.

· Question 2-2: For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of gNB-gNB link, where the DL frequency unit m and UL frequency unit n are in the same carrier and non-overlapping in frequency, and assuming the aggressor gNB transmits on the DL frequency unit m and the victim gNB receives on the UL frequency unit n, 
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 1 (defined above) at the gNB transmitter?
Reply LS: 
First of all, we think that it might be quite difficult to define the interference model in PRB-PRB levels. This is not discussed in RAN4 in the past and this will also cause the lengthy discussion for each value in PRB levels. In addition, as replied to Question 1-3, the flat model could be assumed here for the simplification of further coexistence analysis. The detailed flat model from the transmitter to receiver at the SBFD slot/symbols could be found as following:
ACI=
PBW_aggressor-[ACLR+antenna isolation+sub-band filtering/digital IC+beam nulling/isolation]+10log10(BW_victim/BW_aggressor)

[image: ]



· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 2 (defined above) at the gNB receiver?
Reply LS: 
Similar as other previous RAN4 discussion, it could assume the flat ACS assumptions within the DL interfering signal.
Option 1: flat ACS model; 
 ACI=PBW_aggressor-antenna isolation-sub-band filtering-ACS; 


· How to model the above interferences for the following two cases:
· inter-site gNB-gNB co-channel inter-subband CLI
    Reply:
Similar as replies to Question 2-2, however for inter-site gNB-gNB co-channel inter-subband CLI, we assumed that antenna isolation should be replaced by Pathloss and antenna gain of transmitter and receiver. In addition, the digital IC cannot be assumed here since we don’t expect the information exchange between different gNBs. In addition, as replied to Question 1-3, the flat model could be assumed here for the simplification of further coexistence analysis. The detailed flat model from the transmitter to receiver at the SBFD slot/symbols could be found as following:
For transmitter leakage:
Option 1: flat model; 
 ACI=PBW_aggressor-[ACLR+[sub-band filtering]]+10log10(BW_victim/BW_aggressor)-Pathloss+G_tx+G_rx

[image: ]



For receiver selectivity:
Option 1: flat ACS model; 
 ACI=PBW_aggressor-sub-band filtering-ACS--Pathloss+G_tx+G_rx; 

· co-site inter-sector co-channel inter-subband CLI
For co-site inter-sector co-channel inter-subband CLI, we assumed that the digital IC could be still assumed since this co-site deployment could offer the feasibility to have the digital IC functionality (e.g. sharing the sampled data of post-PA among different sectors). In addition, antenna isolation for co-site inter-sector should be different from self-interference within single sector case.
For transmitter leakage:
Option 1: flat model; 
ACI=
PBW_aggressor-[ACLR+antenna_isolation+sub-band filtering/digital IC]+10log10(BW_victim/BW_aggressor)
Note:
To update antenna isolation with front-back ratio, antenna isolation need to be further considered.
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For receiver selectivity:
Option 1: flat ACS model; 
 ACI=PBW_aggressor-sub-band filtering-ACS-antenna_isolation; 


· Question 2-3: For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of UE-UE link, where the DL frequency unit m and UL frequency unit n are in the same carrier and non-overlapping in frequency, and assuming the aggressor UE transmits on the UL frequency unit n and the victim UE receives on the DL frequency unit m, 
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 1 (defined above) at the UE transmitter?
Reply: 
Similar as gNB to gNB CLI interference modelling, there would be following two options:
Option 1: flat model; 
ACI=
PBW_aggressor-ACLR+10log10(BW_victim/BW_aggressor)-Pathloss+G_tx+G_rx;
Note 1: G_tx and G_rx=0dBi;.
Note 2: if sub-band is BWP level instead of carrier level at the UE side, then ACLR might be updated as in-band emission requirements. 
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· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 2 at the UE receiver?
Reply LS:  
Option 1: flat ACS model; 
ACI=PBW_aggressor-[ACS]-Pathloss+G_tx+G_rx; 
Note 2: if sub-band is BWP level instead of carrier level at the UE side, then ACS might be not applicable since there is no intention to revise the UE RF requirement in Rel-18 Full duplex SID.

FFS: Usage of the above model provided by RAN4 in the evaluation

2) Agreements and questions on gNB-gNB and UE-UE adjacent-channel CLI modelling for system level simulation
Agreement
Regarding gNB-gNB and UE-UE adjacent-channel CLI modelling for system level simulation, RAN1 understands at least the following aspects need to be considered:
· Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs in one carrier to the non-allocated RBs in the adjacent carrier.
· Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in one carrier in the presence of the unwanted signals at the non-allocated RBs in the adjacent carrier. (e.g. receiver blocking at the victim, overload of the receiver dynamic range, etc)
The following questions should be asked to RAN4: 
· Question 3-1: Whether it is feasible to consider the above two aspects for gNB-gNB and UE-UE adjacent-channel CLI modelling in system level simulation? Are there any other aspects should also be taken into account?
Rely: feasible, based on ACLR and ACS requirements, etc

· [bookmark: _Hlk103931113]Question 3-2: For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of gNB-gNB link, where the DL frequency unit m and UL frequency unit n are in adjacent carriers and non-overlapping in frequency, and assuming the aggressor gNB transmits on the DL frequency unit m and the victim gNB receives on the UL frequency unit n, 
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 1 (defined above) at the gNB transmitter?
Reply:
Here we assume the full duplex BS is interfering the legacy NR BS, therefore we didn’t assume any Rx analog filters from the victim receiver side since this was also not considered in the legacy coexistence study.
Option 1: flat model; 
ACI=
PBW_aggressor-[ACLR+sub-band_filtering/]+10log10(BW_victim/BW_aggressor)-Pathloss+G_tx+G_rx
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· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 2 (defined above) at the gNB receiver?
Reply: 
Option 1: flat ACS model; 
 ACI=PBW_aggressor-ACS-Pathloss+G_tx+G_rx; 

· How to model the above interferences for the following cases:
· the two gNBs are from the same sector of the same site in adjacent carriers, i.e., co-site co-sector gNB-gNB adjacent-channel CLI
Reply:
For adjacent channel scenario, even thought it’s assumed as co-site scenario, however we propose not to consider the digital IC which is mainly considered for co-channel co-site scenario where sampling data after post-PA could be shared within single operator
For transmitter leakage:
Option 1: flat ACLR model; 
ACI=
PBW_aggressor-[ACLR+antenna_isolation+[sub-band_filtering]]+10log10(BW_victim/BW_aggressor)
[image: ]

For receiver selectivity:
Option 1: flat ACS model; 
 ACI=PBW_aggressor-ACS-antenna_isolation; 


· the two gNBs are from different sectors of the same site in adjacent carriers, i.e., co-site inter-sector gNB-gNB adjacent-channel CLI 
Reply:
For adjacent channel scenario, even thought it’s assume as co-site scenarios, however we still propose not to consider the digitial IC which is mainly consider for co-channel co-site scenario.
For transmitter leakage:
Option 1: flat ACLR model; 
ACI=
PBW_aggressor-[ACLR+antenna_isolation+[sub-band_filtering]]+10log10(BW_victim/BW_aggressor)
Note: To update antenna isolation with front-back ratio, antenna isolation need to be further considered.
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For receiver selectivity:
Option 1: flat ACS model; 
 ACI=PBW_aggressor-ACS-antenna_isolation; 
Note: To update antenna isolation with front-back ratio, antenna isolation need to be further considered.


· the two gNBs are from different sites in adjacent carriers, i.e., inter-site gNB-gNB adjacent-channel CLI
Reply:
Here we assume the full duplex BS is interfering the legacy NR BS, therefore we didn’t assume any Rx analog filters from the victim receiver side since this is also not considered in the legacy coexistence study.
For transmitter leakage:
Option 1: flat model; 
ACI=
PBW_aggressor-[ACLR+sub-band_filtering/]+10log10(BW_victim/BW_aggressor)-Pathloss+G_tx+G_rx
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For receiver selectivity:
Reply: 
Option 1: flat ACS model; 
ACI=PBW_aggressor-ACS-Pathloss+G_tx+G_rx; 

· Whether it is feasible to define a similar interference ratio as BS-BS ACIR in TR38.828 (Rel-16 CLI TR) but in the subband of the adjacent carrier, with finer granularity (e.g., per subband or per RB), to represent the overall effect of the Aspect 1 and Aspect 2 described above? 
· For example, whether it is feasible to define gNB-gNB-adjacent-channel-per-RB/subband interference ratio as the ratio of the power transmitted by the aggressor gNB on DL frequency unit m to the interference received by the victim gNB on UL frequency unit n? If it is feasible, then what is the value range of the gNB-gNB-adjacent-channel-per-RB/subband interference ratio for each frequency range?
Rely: it’s not easy to define the ACIR model in finer granularity, for the sake of facilitating the discussions for full duplex in Rel-18, it’s better to be in sub-band level or carrier level.

· Question 3-3: For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of UE-UE link, where the DL frequency unit m and UL frequency unit n are in adjacent carriers and non-overlapping in frequency, and assuming the aggressor UE transmits on the UL frequency unit n and the victim UE receives on the DL frequency unit m, 
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 1 (defined above) at the UE transmitter?
Reply: the same as co-channel inter-sub-band case; 
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 2 at the UE receiver?
Reply: similar as co-channel inter-sub-band case, however ACLR and ACS requirement should be used.

· Whether it is feasible to define a similar interference ratio as UE-UE ACIR in TR38.828 but in the subband of the adjacent carrier, with finer granularity (e.g., per subband or per RB), to represent the overall effect of the Aspect 1 and Aspect 2 described above? 
· For example, whether it is feasible to define UE-UE-adjacent-channel-per-RB/subband interference ratio as the ratio of the power transmitted by the aggressor UE on UL frequency unit n to the interference received by the victim UE on DL frequency unit m? If it is feasible, then what is the value range of the UE-UE-adjacent-channel-per-RB/subband interference ratio for each frequency range?
Rely: it’s not easy to define the ACIR model in finer granularity, for the sake of facilitating the discussions for full duplex in Rel-18, it’s better to be in sub-band level or carrier level.
Conclusions
In this contribution, we provided some initial feedback on that reply LS to be further discussed in RAN4.
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1.

Introduction

In

RAN#94e

meeting,

the

work

item

[RP-221352]

on

study

on

evolution

of

NR

duplex

operation

was

approved

as

one

of

Rel-18

RAN1

package.

During

the

last

RAN1#109-e

meeting,

there

was

one

LS

[3]

sent

from

RAN1

to

seek

the

clarification

from

RAN4

perspective.

In

the

last

RAN4#104e

meeting,

the

initial

response

LS

has

been

sent

back

to

RAN1

for

further

discussions,

however

there

are

still

lots

of

open

issues

left

for

further

clarifications

from

RAN4

perspective.Therefore

in

this

contribution,

we

want

to

share

some

initial

feedback

on

that

reply

LS.

2.

Reply

LS

First

of

all,

before

the

discussion

for

the

details

of

self

interference

of

full

duplex

BS,

it

’

s

necessary

to

have

the

overview

of

RF

architecture

of

full

duplex

BS.

As

shown

in

the

following

figure

1

for

FR1

full

duplex

BS

and

FR2

full

duplex

BS.

l

The

following

should

be

asked

to

RAN4:

n

Question

1-1:

W

hat

is

the

value

range

of

RSI

�

��

�����

for

each

frequency

range,

and

under

what

assumptions

on

the

self-interference

suppression

means

the

value

range

of

RSI

is

provided?

u

RAN1

understands

the

RSI

can

be

described

per

subband,

per

RB,

or

per

subcarrier

depending

on

the

granularity

of

the

frequency

unit,

and

it

is

up

to

RAN4

to

provide

the

RSI

in

which

granularity.

Reply

:

The

value

of

RSI

�

��

�?�?�

is

highly

implementation

dependent

as

discussed

in

the

last

RAN4

meeting

and

this

will

also

vary

among

different

BS

class

supporting

full

duplex

and

different

frequency

ranges.

Basically,

to

ensure

the

minimum

performance

degradation

due

to

the

self-interference

of

SBFD

BS,

then

required

RSI

would

also

differ

among

different

BS

class

and

also

differ

in

different

frequency

ranges.

Therefore

from

our

understanding,

it

’

s

better

to

have

different

RSI

assumptions/capability

for

different

BS

class

supporting

full

duplex.

For

its

low

boundary

of

RSI

for

different

BS

class,

it

was

agreed

to

ensure

the

minimum

performance

degradation

with

1dB

sensitivity

degradation

as

starting

point

and

further

discuss

other

more

stringent

values..

Regarding

the

high

boundary

of

RSI,

this

should

be

totally

up

to

the

vendor

’

s

implementation

which

could

be

quite

higher

with

high

cost

and

implementation

complexity

and

the

high

boundary

of

RSI

should

be

just

treated

as

information

only

instead

of

as

baseline

of

the

evaluation

the

full

duplex

BS.

For

RSI

of

FR1

SBFD

BS,

the

following

approach

could

be

used

to

handle

the

self-interference:

1)

Antenna

isolation

from

transmitter

to

receiver;

2)

Sub-band

filtering

of

transmitter

to

further

reject

the

leakage

into

the

receiver;

