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1. [bookmark: _Ref521334010]Introduction
In the RAN1 #112 meeting, evaluation on NR duplex evolution in Rel.18 was discussed. Some agreements were made as below [1]
Working Assumption:
For co-site inter-sector co-channel inter-subband CLI modelling, before receiving RAN4’s reply on the value of , RAN1 assume the following only for evaluation:
· FR1:
· 75dB for spatial isolation (RAN4 typical value).
· 93dB for spatial isolation (RAN4 best value).
· 100dB for spatial isolation 
· FR2:
· 88dB for spatial isolation (RAN4 typical value).
· 98dB for spatial isolation (RAN4 best value).
· 105dB for spatial isolation 
· In addition to spatial isolation and frequency isolation, companies can use digital cancelation and report the value, e,g., 10dB. Above does not imply that RAN1 assumes or does not assume digital cancelation is feasible.
· The feasibility of these values is up to RAN4. These values can be revisited based on further RAN4 inputs.
· The 100dB/105dB isolation values for FR1 and FR2 are not from RAN4, but based on RAN4 input that some companies have proposed that isolating material could be added between sectors to increase the isolation. RAN4 has not yet discussed the details whether such approaches can be applied to outdoor sites. 

Agreement
For SLS in RAN1, if only large scale fading is modelled and small scale fading is not modelled for UE-UE co-channel channel model, the power of UE-UE co-channel inter-subband CLI experienced by the victim UE on each receiver chain at DL RB n can be modelled as

where
·  is the power of UE-UE co-channel inter-subband CLI from aggressor UE  to victim UE  on each receiver chain at one DL RB n (linear value).
·  is UL transmission power of UE  across all transmit chains over the allocated UL RBs (linear value)
·  is the coupling loss between UE  and UE  (linear value), accounting for analog beamforming at the aggressor UE and victim UE
·  is the total number of UL RBs in the UL subband
·  is in linear scale. For the value of , it is up to RAN4. Companies can report the value used in their simulation before receiving RAN4’s further input.
· , wherein,
· For SBFD Subband configuration with {DUD} pattern,  can be ignored
· 
·  is UL transmission power of UE  across all transmit chains per RB (linear value). , and  is the number of UL RBs allocated for UL transmission of UE .
·  is the Transmission Bandwidth Configuration, referring to Table 5.3.2-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1.
·  for FR1 with 100MHz transmission bandwidth and 30kHz SCS
·  for FR2-1 with 200MHz transmission bandwidth and 120kHz SCS
·  is the starting frequency offset between the allocated UL RBs and the measured non-allocated RB (e.g. ∆RB = 1 or ∆RB = -1 for the first adjacent RB outside of the allocated UL RBs)
· EVM is the limit specified in Table 6.4.2.1-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1 for the modulation format used in the allocated RBs.
Include the above in the LS to RAN4 to inform them of the agreement and to check if the RAN1 agreement is in line with RAN4’s understanding. 

Working assumption:
For SLS in RAN1, if both large-scale and small-scale fading are modelled for UE-UE co-channel channel model, the UE-UE co-channel inter-subband CLI signal across all Rx chains at DL RB  at victim UE can be modeled as:
 where,
·  is the first part of UE-UE co-channel inter-subband CLI across all Rx chains at DL RB , caused by power leakage at aggressor UE,
·  is the  channel matrix between aggressor UE and victim UE at DL RB , the beamforming of the aggressor UE and the victim UE can be taken into account by 
·  is the number of Rx chains and  is the number of Tx chains
·  is the  normalized wideband UL digital precoder of the aggressor UE, .
· ,
·  , , is modelled as white Gaussian noise
·  has the same meaning as in the agreement for the case only large-scale fading is modelled
·  is modelled as frequency flat


· , , is modelled as white Gaussian noise, 
·  
·  is the  channel matrix between aggressor UE and victim UE at UL RB , the analog beams of the aggressor UE and the victim gNB can be taken into account by ,
·  is the  normalized wideband UL digital precoder of the aggressor UE, 
·  is the symbol transmitted at UL RB  at aggressor UE with transmission power for each layer as .
·  has the same meaning as in the agreement for the case only large-scale fading is modelled
·  is the total number of UL RBs in the UL subbands,
·  is in linear scale. For the value of , it is up to RAN4. Companies can report the value used in their simulation before receiving RAN4’s further input.
Include the above in the LS to RAN4 to inform them of the agreement and to check if the RAN1 agreement is in line with RAN4’s understanding.

Agreement
The following is used to generate   for a UE-UE link associated with an indoor UE (the other UE could be an outdoor UE or an indoor UE in a different building) in order to calculate the inside loss component () of the UE-UE O2I building penetration loss.
· 

Agreement
For SLS of SBFD and dynamic/flexible TDD (including SLS calibration), distance-based wrap-round is used.

Agreement
For BS transmit power for SBFD, take option 1 as baseline. Option 2 can also be evaluated.
· Option-1: Power boosting is not assumed for SBFD symbols compared to DL-only symbols (as in legacy systems), i.e., BS transmit power spectrum density per Tx chain is kept the same for SBFD symbols and DL-only symbols
· Option-2: Power boosting is assumed for SBFD symbols compared to DL-only symbols, i.e., 
· DL symbols in SBFD operation have the same PSD as used in TDD DL symbols
· For SBFD symbols, its PSD is scaled according to the number of RBs in DL subband(s), e.g., 
· 
·  is the BS transmit power spectrum density per Tx chain in SBFD symbols
·  is the BS transmit power spectrum density per Tx chain in DL-only symbols
·  is the system bandwidth and  is the total bandwidth of DL subbands

Agreement
RAN1 to update the inter-site gNB-gNB adjacent-channel CLI model as follows
·  is DL transmission power of gNB  across all transmit chains over all the scheduled DL RBs (linear value). 

Agreement
For evaluation of SBFD and dynamic/flexible TDD, the O2I car penetration loss is modelled with μ = 9, and σP = 5.

Agreement
For Deployment case 3-2 (2-layer Scenario B), update Indoor-TRP to outdoor UE channel model as follows:
	Large-scale channel parameters
	Indoor TRP to Outdoor UE: 
· Option 1:
· A.2.1.2 in TR36.843
· Penetration loss between UEs follows Table A.2.1-13 in TR38.802
· Option 1:
· UMi-Street canyon in TR 38.901 (hBS =3 m)
· Option 2:
· For Indoor office layer: InH-Office in TR 38.901
· For Indoor factory layer: InF in TR 38.901
· For both options, O2I penetration loss between indoor TRP and outdoor UE follows Table A.2.1-12 in TR38.802 ( is the distance between the indoor TRP and the building boundary along the direction from Indoor TRP to outdoor UE. The  may be different for different indoor-TRP-outdoor-UE links associated with the same indoor TRP)

	Fast fading parameters
	Indoor TRP to Outdoor UE: 
· Option 1: 
· 3D UMi, ASD and ZSD statistics updated to be the same as ASA and ZSA.
· Option 1:
· UMi-Street canyon in TR 38.901. ASD and ZSD statistics updated to be the same as ASA and ZSA
· Option 2:
· For Indoor office layer: InH-Office in TR 38.901
· For Indoor factory layer: InF in TR 38.901



Agreement
Regarding the UE distribution of 2-layer Scenario B, for indoor/outdoor UE proportion in Layer 1 (Urban Macro), Option 2 is not considered in SLS.
· Option 2 (optional): 
· 20% outdoor in cars: 30km/h, UE height is 1.5m
· 80% indoor in houses: 3km/h, UE height is 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)

Agreement
For Indoor factory of 2-layer Scenario B, the following layout for indoor office scenario is reused, and the other simulation assumptions follow InF-SL in Table 7.8-7 (Simulation assumptions for large scale calibration for the indoor factory scenario) in TR 38.901.
	
	Layout
	Inter-BS (2D) distance
	Minimum BS-UE (2D) distance
	Minimum UE-UE (2D) distance

	Indoor factory
	12BSs per 120m x 50m
	20m
	0m
	1m



[image: ]
Figure X: Layout for indoor factory (reuse the layout for indoor office)

Agreement
For link level evaluation of coverage performance, focus on the following uplink channels.
· PUSCH with 1Mbps target data rate for FR1
· PUSCH with 5Mbps target data rate for FR2-1
· FFS: PUCCH
· Note: the data rate is based on TR38.830

Agreement
For link level evaluation of coverage performance for SBFD, the following interference components are added per each receive chain to the UL channel at SBFD symbols:
· Self-interference, modelled as additive white gaussian noise with fixed INR = - 6 dB targeting 1 dB desense similar to SLS.
· Co-site inter-sector interference, modelled as additive white gaussian noise with fixed INR = - X dB based on assumption of co-site isolation 
· Inter-site gNB-gNB co-channel inter-subband CLI, 
· Alt-1: the value of interference power is selected according to the INR distribution drawn based on the statistics from SLS.
· Alt-2: the value of interference power is determined based on the inter-site gNB-gNB co-channel inter-subband CLI model agreed for SLS taking into account the locations of victim gNB and several aggressor gNBs, and the gNB-gNB channel model
· FFS: Receiver blocking model

Agreement
For link level evaluation of coverage performance, use Alt 2 defined in SLS.
· Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about 20% of the channel bandwidth.

Agreement
Regarding the schemes for link level evaluation of PUSCH coverage performance,
· For baseline legacy TDD, consider
· Single slot PUSCH transmission
· For SBFD, consider the following techniques of coverage enhancement:
· Case 1: SBFD with single slot PUSCH
· Case 2: SBFD with PUSCH repetition type A
· Case 3: SBFD with TBoMS PUSCH
· Case 4: SBFD with PUSCH repetition type A and joint channel estimation
· FFS: Joint channel estimation across SBFD and non-SBFD slots 
· Case 5: SBFD with TBoMS PUSCH and joint channel estimation
· FFS: Joint channel estimation across SBFD and non-SBFD slots
· UL coverage metrics are obtained using link budget template and TDD/SBFD required SINR for target data rate.
Note: Evaluation accounts for different SINR level between SBFD and non-SBFD slots

In this contribution, we provide our considerations on evaluation on NR duplex evolution.
2. Discussion
2.1 Simulation assumptions
For System level simulation (SLS) in both FR1 and FR2, in terms of chair notes of RAN1#112[1], we have the following two assumption.
	Working Assumption:
For co-site inter-sector co-channel inter-subband CLI modelling, before receiving RAN4’s reply on the value of , RAN1 assume the following only for evaluation:
· FR1:
· 75dB for spatial isolation (RAN4 typical value).
· 93dB for spatial isolation (RAN4 best value).
· 100dB for spatial isolation 
· FR2:
· 88dB for spatial isolation (RAN4 typical value).
· 98dB for spatial isolation (RAN4 best value).
· 105dB for spatial isolation 
· In addition to spatial isolation and frequency isolation, companies can use digital cancelation and report the value, e,g., 10dB. Above does not imply that RAN1 assumes or does not assume digital cancelation is feasible.
· The feasibility of these values is up to RAN4. These values can be revisited based on further RAN4 inputs.
· The 100dB/105dB isolation values for FR1 and FR2 are not from RAN4, but based on RAN4 input that some companies have proposed that isolating material could be added between sectors to increase the isolation. RAN4 has not yet discussed the details whether such approaches can be applied to outdoor sites. 
Working assumption:
For SLS in RAN1, if both large-scale and small-scale fading are modelled for UE-UE co-channel channel model, the UE-UE co-channel inter-subband CLI signal across all Rx chains at DL RB  at victim UE can be modeled as:
 where,
·  is the first part of UE-UE co-channel inter-subband CLI across all Rx chains at DL RB , caused by power leakage at aggressor UE,
·  is the  channel matrix between aggressor UE and victim UE at DL RB , the beamforming of the aggressor UE and the victim UE can be taken into account by 
·  is the number of Rx chains and  is the number of Tx chains
·  is the  normalized wideband UL digital precoder of the aggressor UE, .
· ,
·  , , is modelled as white Gaussian noise
·  has the same meaning as in the agreement for the case only large-scale fading is modelled
·  is modelled as frequency flat


· , , is modelled as white Gaussian noise, 
·  
·  is the  channel matrix between aggressor UE and victim UE at UL RB , the analog beams of the aggressor UE and the victim gNB can be taken into account by ,
·  is the  normalized wideband UL digital precoder of the aggressor UE, 
·  is the symbol transmitted at UL RB  at aggressor UE with transmission power for each layer as .
·  has the same meaning as in the agreement for the case only large-scale fading is modelled
·  is the total number of UL RBs in the UL subbands,
·  is in linear scale. For the value of , it is up to RAN4. Companies can report the value used in their simulation before receiving RAN4’s further input.
Include the above in the LS to RAN4 to inform them of the agreement and to check if the RAN1 agreement is in line with RAN4’s understanding.


Regarding above two work assumption, RAN1 already send LS to RAN4 to further check so it is better to wait for RAN4 ‘s response. After that, RAN1 can confirm these two work assumption
Proposal 1: After RAN4 offer response to RAN1, RAN1 can confirm two work assumption on , value and both large-scale and small-scale fading modeling for UE-UE co-channel channel model.
For LLS on coverage performance, in terms of chair notes of RAN1#112[1], we have the following agreement.
	Agreement
For link level evaluation of coverage performance, focus on the following uplink channels.
· PUSCH with 1Mbps target data rate for FR1
· PUSCH with 5Mbps target data rate for FR2-1
· FFS: PUCCH
· Note: the data rate is based on TR38.830



Based on study results of TR-38.830, we need further evaluation PUCCH for coverage performance under SBFD configuration. Considering the simulation load and limited time budget, we recommend evaluation on PUCCH format 1 and format 3 with high priority. In addition, PRACH format 4 should be considered for evaluation.

Proposal 2: For link level evaluation of coverage performance, PUCCH format 1 and format 3 should be evaluated with high priority.
Proposal 3: For link level evaluation of coverage performance, PRACH format 4 should be considered for evaluation.

For For link level evaluation of coverage performance for SBFD, in terms of chair notes of RAN1#112[1], we have the following agreement.
	Agreement
For link level evaluation of coverage performance for SBFD, the following interference components are added per each receive chain to the UL channel at SBFD symbols:
· Self-interference, modelled as additive white gaussian noise with fixed INR = - 6 dB targeting 1 dB desense similar to SLS.
· Co-site inter-sector interference, modelled as additive white gaussian noise with fixed INR = - X dB based on assumption of co-site isolation 
· Inter-site gNB-gNB co-channel inter-subband CLI, 
· Alt-1: the value of interference power is selected according to the INR distribution drawn based on the statistics from SLS.
· Alt-2: the value of interference power is determined based on the inter-site gNB-gNB co-channel inter-subband CLI model agreed for SLS taking into account the locations of victim gNB and several aggressor gNBs, and the gNB-gNB channel model
· FFS: Receiver blocking model




In terms of above agreement, interference models including Self-interference, Co-site inter-sector interference n and Inter-site gNB-gNB co-channel are enough for evaluation on SBFD technique and performance so considering LLS simulation complexity,receiver blocking model is unnecessary to be introduced.

Proposal 4: For link level evaluation of coverage performance for SBFD, Receiver blocking model isn’t considered or is considered with low priority into interference components.

Regarding the schemes for link level evaluation of PUSCH coverage performance, in terms of chair notes of RAN1#112[1], we have the following agreement.
	Agreement
Regarding the schemes for link level evaluation of PUSCH coverage performance,
· For baseline legacy TDD, consider
· Single slot PUSCH transmission
· For SBFD, consider the following techniques of coverage enhancement:
· Case 1: SBFD with single slot PUSCH
· Case 2: SBFD with PUSCH repetition type A
· Case 3: SBFD with TBoMS PUSCH
· Case 4: SBFD with PUSCH repetition type A and joint channel estimation
· FFS: Joint channel estimation across SBFD and non-SBFD slots 
· Case 5: SBFD with TBoMS PUSCH and joint channel estimation
· FFS: Joint channel estimation across SBFD and non-SBFD slots
· UL coverage metrics are obtained using link budget template and TDD/SBFD required SINR for target data rate.
Note: Evaluation accounts for different SINR level between SBFD and non-SBFD slots.



From our perspective, joint channel estimation across SBFD and non-SBFD slots should be considered for coverage enhancement evaluation because the scenario on PUSCH transmission across SBFD and non-SBFD slots is typical and this can potentially enhance UL PUSCH demodulation performance.

[bookmark: _GoBack]Proposal 5: Regarding the schemes for link level evaluation of PUSCH coverage performance, joint channel estimation across SBFD and non-SBFD slots for PUSCH repetition type A and TBoMS PUSCH should be considered and evaluated.
3. Conclusion
In this contribution, we discuss about evaluation on NR duplex evolution with the following proposal.
Proposal 1: After RAN4 offer response to RAN1, RAN1 can confirm two work assumption on , value and both large-scale and small-scale fading modeling for UE-UE co-channel channel model.
Proposal 2: For link level evaluation of coverage performance, PUCCH format 1 and format 3 should be evaluated with high priority.
Proposal 3: For link level evaluation of coverage performance, PRACH format 4 should be considered for evaluation.
Proposal 4: For link level evaluation of coverage performance for SBFD, Receiver blocking model isn’t considered or is considered with low priority into interference components.
Proposal 5: Regarding the schemes for link level evaluation of PUSCH coverage performance, joint channel estimation across SBFD and non-SBFD slots for PUSCH repetition type A and TBoMS PUSCH should be considered and evaluated.
4. Reference
[1]. Chairman’s Notes, RAN1#112, final, February 27th – March 03rd, 2023
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