Page 8
Draft prETS 300 ???: Month YYYY
3GPP TSG RAN Meeting #101								                  RP-232205
Bangalore, India, September 11-15, 2023
[bookmark: OLE_LINK4][bookmark: OLE_LINK3]Source: 	CMCC
[bookmark: Title]Title:	WI on Rel-19 NR duplex evolution
Agenda item:	8A.2.3
[bookmark: DocumentFor]Document for:	Discussion & Decision
1. [bookmark: _Toc120549591]Introduction
In Rel-18, a new SI on evolution of NR duplex operation was approved at RAN#94-e [1] to identify the feasibility and solutions of duplex evolution to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operations in unpaired spectrum. In this contribution, we will discuss the scope of follow-up WI of NR duplex evolution in Rel-19.
2. Justification
[bookmark: _Hlk136271642][bookmark: _Hlk89819308][bookmark: _Hlk136194804]As the justification in Rel-18 SI [1], the limited time duration for the uplink in TDD would result in reduced coverage, increased latency and reduced capacity. The coexistence of UL heavy and latency sensitive applications are more and more pervasive in ToC and ToB commercial networks, e.g., HD video calls, XR gaming, HD video surveillance, machine vision, remote control, PLC in Industrial-IoT with the requirements of up to 30Mbps UL date rate and 4ms E2E latency. SBFD at gNB side is a promising solution for UL coverage improvement, UL latency reduction and UL capacity improvement. In addition, although the NR TDD specifications allow the dynamic/flexible allocation of downlink and uplink in time and CLI handling in Rel-16, the gNB-to-gNB CLI was not addressed in Rel-16 which is an important reason that dynamic/flexible TDD was not deployed in commercial networks.
In Rel-18 NR duplex evolution SI, the RAN1 part was 100% completed in august with an outcome of first version of TR 38.858 [2]. The progress of the whole study item is briefly summarized in the following.
2.1 SBFD study progress
2.1.1 Semi-static SBFD performance evaluation in RAN1
During the study of SBFD, at least three SBFD deployment cases and seven scenarios were considered for evaluation in FR1 and FR2-1. System level simulation and link level evaluation were conducted to evaluate the UPT (user perceived throughput), latency and coverage performance. Based on the section 13.1.1.1 and 13.1.1.2 conclusion part in TR 38.858, a further summary is provided in the following. 
UPT performance by SLS
We provide the following table to present the conclusion of evaluation results of all sub cases of SBFD deployment case 1 in section 13 in TR 38.858, the principle of the following table is green colour means there is gain of at least one of mean UPT and 5% UPT and the red colour means there is loss for both mean UPT and 5% UPT, the darkness of the colour means the range of larger value between mean and 5% UPT belongs to +/-(0~50%), +/- (50%~100%), or +/-(>100%).
[bookmark: _Hlk144634101]SBFD deployment case 1 (Non-coexistence case with same SBFD configuration amongst gNBs)
Table 1. Gain/loss range of each subcase
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Figure 1. Gain/loss value of mean/5% DL/UL UPT in FR1 and FR2-1 indoor, XXXXX slot format
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Figure 2. Gain/loss value of mean/5% DL/UL UPT in FR1 UMA, XXXXX slot format
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Figure 3. Gain/loss value of mean/5% DL/UL UPT in FR1 Dense Urban Macro, XXXXX slot format
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Figure 4. Gain/loss value of mean/5% DL/UL UPT in FR2-1 Dense Urban Macro, XXXXX slot format
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Figure 5. Gain/loss value of mean/5% DL/UL UPT in FR1&FR2-1 indoor, XXXXU slot format
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Figure 6. Gain/loss value of mean/5% DL/UL UPT in FR1 UMA, XXXXU slot format
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Figure 7. Gain/loss value of mean/5% DL/UL UPT in FR1 Dense Urban Macro, XXXXU slot format
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Figure 8. Gain/loss value of mean/5% DL/UL UPT in FR2-1 Dense Urban Macro, XXXXU slot format

Based on the above table and figures for SBFD deployment Case 1, we can see that, for SBFD deployment Case 1:
· For indoor scenario in FR1 and FR2-1, semi-static SBFD with XXXXX slot format is beneficial compared to legacy TDD (although there is 5% DL UPT loss at high load level and small packet size for FR2-1, the loss is far less than 5% UL UPT gain). 
· For urban macro scenario and dense urban macro scenario in FR1, semi-static SBFD with XXXXX slot format is beneficial compared to legacy TDD for at least low load level if the total capability of spatial isolation and digital isolation for co-site inter-sector CLI is no less than 93 dB or equal to 93dB.
· For dense urban macro scenario in FR2-1, semi-static SBFD with XXXXX slot format is beneficial compared to legacy TDD for at least low and medium load level if the total capability of spatial isolation and digital isolation for co-site inter-sector CLI is no less than 98 dB or equal to 98dB.
· For indoor scenario in FR1 and FR2-1, semi-static SBFD with XXXXU slot format is beneficial compared to legacy TDD. There may be DL UPT loss, but the DL UPT loss is far less than UL UPT gain. 
· For urban macro scenario in FR1, semi-static SBFD with XXXXU slot format is beneficial compared to legacy TDD if the total capability of spatial isolation and digital isolation for co-site inter-sector CLI is no less than 93 dB or equal to 93dB except for the case with large packet size at high load level in urban macro scenario. There may be DL UPT loss, but the DL UPT loss is far less than UL UPT gain.
· For dense urban macro scenario in FR1, semi-static SBFD with XXXXU slot format is beneficial compared to legacy TDD for at least large packet size if the total capability of spatial isolation and digital isolation for co-site inter-sector CLI is no less than 93 dB or equal to 93dB. There may be DL UPT loss, but the DL UPT loss is far less than UL UPT gain.
· For dense urban macro scenario in FR2-1, semi-static SBFD with XXXXX slot format is beneficial compared to legacy TDD for at least large packet size if the total capability of spatial isolation and digital isolation for co-site inter-sector CLI is no less than 98 dB. There may be DL UPT loss, but the DL UPT loss is far less than UL UPT gain.

Observation 1. In Rel-18 NR duplex evolution SI, for SBFD deployment case 1 (non-coexistence case with same SBFD configuration amongst gNBs), with the assumption of 1dB desense for self-interference suppression, no less than or equal to 93dB(FR1)/98dB(FR2-1) for the total capability of spatial isolation and digital isolation for co-site inter-sector CLI, and “twice the total number of antenna elements and same total number of TxRUs”, SLS evaluation results show that semi-static SBFD operation is beneficial compared to legacy TDD regarding UL UPT/latency for indoor/urban macro/dense urban macro scenarios in FR1 and indoor/dense urban macro scenarios in FR2-1. 

[bookmark: _Hlk144634298]SBFD deployment case 3-2 (Co-channel co-existence case)
According to the conclusion in TR 38.858, we observed that for the indoor layer of 2-layer scenario (FR1) in SBFD deployment case 3-2, 
· Semi-static SBFD with XXXXX slot format is beneficial compared to legacy TDD. Although there is DL UPT loss for large packet size, but the DL UPT loss is limited or less than UL UPT gain.
· Semi-static SBFD with XXXXU slot format is beneficial compared to legacy TDD. Although there is DL UPT loss, but the DL UPT loss is far less than UL UPT gain.

Observation 2. In Rel-18 NR duplex evolution SI, for SBFD deployment case 3-2 in FR1 (co-channel co-existence case with legacy TDD for macro layer and same SBFD configuration for indoor layer gNBs), with the assumption of 1dB desense for self-interference suppression and “twice the total number of antenna elements and same total number of TxRUs”, SLS evaluation results show that semi-static SBFD operation is beneficial compared to legacy TDD regarding UL UPT/latency for the indoor layer. 

[bookmark: _Hlk144634515]SBFD deployment case 4 (Adjacent channel co-existence)
[bookmark: _Hlk144633817]According to the conclusion in TR 38.858, for FR1 UMa, if the total capability of spatial isolation and digital isolation for co-site inter-sector CLI is equal to 93 dB, and the spatial isolation for co-site adjacent-channel CLI is equal to 93dB, we observed that, 
· For 0% grid shift and semi-static SBFD with XXXXX slot format, 
· For the SBFD operator, semi-static SBFD provides performance improvement for UL at low load level but suffers from degradation for DL for all load levels,
· For the legacy TDD operator, regarding the performance impact of semi-static SBFD to legacy TDD of another operator, there may be limited improvement or degradation for UL and DL performance
· For 100% grid shift and semi-static SBFD with XXXXX slot format , 
· For the SBFD operator, semi-static SBFD provides performance improvement for both UL and DL for low load levels but suffers from degradation for both UL and DL for medium and high load levels
· For the legacy TDD operator, regarding the performance impact of semi-static SBFD to legacy TDD of another operator, there may be limited or large degradation for UL and DL performance
· For 0% grid shift and semi-static SBFD with XXXXU slot format , 
· For the SBFD operator, semi-static SBFD provides performance improvement for UL but suffers from degradation for DL for all load levels. The DL loss is less than UL gain for at least low and medium load levels.
· For the legacy TDD operator, regarding the performance impact of semi-static SBFD to legacy TDD of another operator, there may be limited improvement or degradation for UL and DL performance
· For 100% grid shift and semi-static SBFD with XXXXU slot format , 
· [bookmark: _Hlk144634922]For the SBFD operator, semi-static SBFD provides performance improvement for UL for all load levels but suffers from degradation for DL for all load levels. The DL loss is less than UL gain for all load levels.
· For the legacy TDD operator, regarding the performance impact of semi-static SBFD to legacy TDD of another operator, there may be limited degradation for DL performance and limited improvement or degradation for UL performance

In RAN1, adjacent channel co-existence evaluation only considers the UMa-to-UMa scenario, more adjacent channel co-existence scenarios including UMa-to-UMi, UMi-to-UMi and indoor-to-indoor are conducted in RAN4 as the discussion in section 2.1.4 in this paper.

Observation 3. In Rel-18 NR duplex evolution SI, for SBFD deployment case 4 in FR1 (adjacent channel co-existence case), with the assumption of 1dB desense for self-interference suppression, equal to 93dB for the total capability of spatial isolation and digital isolation for co-site inter-sector CLI, equal to 93dB for spatial isolation for co-site adjacent-channel CLI, and “twice the total number of antenna elements and same total number of TxRUs”, SLS evaluation results show that semi-static SBFD operation is beneficial compared to legacy TDD regarding UL UPT/latency for the SBFD operator, and the performance impact of semi-static SBFD to legacy TDD of another operator is limited and acceptable at least for semi-static SBFD with XXXXU slot format.


Coverage performance by LLS
In addition to UPT/latency performance evaluated by SLS, SBFD can provide UL coverage gain compared with legacy TDD based on the companies’ link level evaluation results as the conclusion part in TR 38.858:
	Based on link level simulation, comparing SBFD with XXXXU slot format and legacy TDD with DDDSU slot format, RAN1 observed, with assumption of 1dB desense for self-interference suppression and different co-site inter-sector isolation values,
· semi-static SBFD with PUSCH repetition type A without/with joint channel estimation provides the UL coverage gain in range of {0.00~6.75}dB and median value of 5.41dB from 13 sources in FR1 UMa and in range of {5.86~8.76}dB and median value of 6.92dB from 4 sources in FR2-1 Dense UMa, respectively.
· semi-static SBFD with TBoMS with/without joint channel estimation provides the UL coverage gain in range of {2.83~6.88}dB and median value of 5.09dB from 4 sources in FR1 UMa and in range of {4.49~7.82}dB and median value of 5.72dB from 2 sources in FR2-1 Dense UMa, respectively.



Observation 4. In Rel-18 NR duplex evolution SI, with the assumption of 1dB desense for self-interference suppression, LLS evaluation results show that semi-static SBFD operation is beneficial compared to legacy TDD regarding UL coverage for urban macro scenario in FR1 and dense urban macro scenario in FR2-1. 

2.1.2 SBFD schemes study in RAN1
In addition, the general SBFD operation, related UE behaviours, impact and potential enhancements for physical layer signals/channels transmissions and receptions, gNB self-interference handling and SBFD-specific inter-gNB and inter-UE CLI handling are well studied in RAN1 as in the section 6 and the related conclusion is captured in section 13.1.1.3 and 13.1.1.4 in TR 38.858 [2]. The conclusions of each aspects are summarised as the following:
Table 2. Summary of SBFD study
	Issues
	Study contents
	Study conclusions

	SBFD operation
	•	Subband time and frequency location configuration
•	UE behaviour in SBFD symbols configured as downlink and flexible in TDD config common
•	UE collision handling
•	Dynamic SBFD
•	SBFD operation for random access
	RAN1 concluded SBFD operation Option 4 is feasible for RRC_CONNECTED state.
For dynamic SBFD, there is no conclusion considering the limited evaluation sources.
For random access, the inter-CLI aspects caused by PRACH are not fully evaluated in RAN1, and companies have no conclusion whether to support it or not. 

	[bookmark: _Hlk144641814][bookmark: _Hlk136263379]Impact and potential enhancements for transmissions and receptions
	•	Partial PRG and RBG, non-continuous resource for PDSCH/PUSCH due to the overlapping with subband boundary
•	Frequency resource allocation for CSI-RS across downlink subbands
•	CSI report enhancement in case CSI-RS across SBFD and non-SBFD symbols/slots
•	Tx/Rx across SBFD and non-SBFD symbols within a slot
•	Tx/Rx across SBFD and non-SBFD slots, e.g.,
•	FDRA determination across SBFD and non-SBFD slots 
•	Separate UL configuration in SBFD slots and non-SBFD slots
•	PDCCH enhancement across SBFD and non-SBFD slots
	Well studied on all sub issues with agreed lists of potential enhancements schemes. 
Further down-selection among options can be conducted in WI phase based on the outcome of SI.

	gNB self-interference handling
	•	Time misalignment at gNB between UL receptions and DL transmissions due to configuration of non-zero NTA,offset at UE
	Simulation result from one source shows the increase of self-interference can be quite small (~1dB) when impairments in the gNB transmit chains and filtering of DL subbands in the gNB Rx chains are considered.

	Inter-UE CLI handling
	•	Inter-UE inter-subband CLI measurement and reporting schemes
	Three measurement methods are well studied with potential enhancements on top of current Rel-16 L3 inter-UE CLI measurement and reporting.

	Inter-gNB CLI handling
	•	Inter-gNB inter-subband CLI measurement and reporting schemes
	Without conclusion due to the limited number of evaluation sources.


The subband-based SBFD operation scheme is well studied in RAN1 with the outcome of a solid SBFD operation option 4 framework which can be further specified in Rel-19, including the subband time and frequency location configuration, UE behaviour in SBFD symbols, potential enhancements for transmissions and receptions. Two controversial aspects are dynamic SBFD and whether support SBFD for RRC_IDLE state (e.g., for random access) which have no conclusion, considering the performance gain is not convinced by companies, we think Rel-19 can first specify the basic semi-static SBFD in RRC_CONNECTED state, and these two aspects can be considered in later releases. Regarding the UE transmission and reception part, the current conclusion in TR 38.858 is quite general, the detailed scope is discussed in section 3 in this paper.
On gNB self-interference handling issue, RAN1 discussed whether/how to mitigate the interference increase due to time misalignment at gNB between UL receptions and DL transmissions, but simulation result from one source shows that the increase of self-interference on the UL subband can be quite small (~1dB) when impairments in the gNB transmit chains and filtering of DL subbands in the gNB Rx chains are considered. It seems there is no conclusion on the solution to mitigate the interference.
In the discussion of inter-UE and inter-gNB CLI handling, most of the schemes are common between SBFD and dynamic/flexible TDD and no conclusion is conducted in section 13 in TR 38.858 due to the limited evaluation sources. But a small enhancement on SBFD specific CLI handling scheme about how to support L3 CLI-RSSI measurement across two non-continuous DL subbands can be considered to be specified in Rel-19 with limited work effort.
Observation 5. In Rel-18 NR duplex evolution SI, the subband-based SBFD operation scheme is well studied in RAN1 with the outcome of a solid SBFD operation option 4 framework. 
· There is no conscious to support dynamic SBFD and to support SBFD for RRC_IDLE state.
· There is no conscious on solutions to mitigate the interference increase due to time misalignment at gNB between UL receptions and DL transmission.

Observation 6. The following objectives can be considered in follow-up Rel-19 NR duplex evolution WI: 
· Subband time and frequency location configuration;
· UE behaviour in SBFD symbols configured as downlink and flexible in TDD config common;
· Impact and potential enhancements for UE transmission and reception behavior and procedures in SBFD symbols and/or non-SBFD symbols;
· Inter-UE CLI handling enhancement schemes for SBFD based on inter-UE CLI-RSSI measurement and report across downlink subbands.

2.1.3 Feasibility and RF impacts study in RAN4
Self-interference analysis
As starting point, RAN4 approve to use 1dB de-sense as self-interference evaluation criteria. Companies are encouraged to provide technical analysis based on one uniform framework table. In RAN4 #107 meeting, it is approved that for implementation feasibility study, RAN4 confirm FR1 MR and LA SBFD gNB with 1dB sensitivity degradation due to self-interference is achievable. For FR1 WA and FR2 BS classes, the feasibility study is under discussion. Some companies’ analysis show that 1dB de-sense is still achievable for FR1 WA even assuming 53dBm max output power. Detailed RF feasibility analysis from different companies are captured in [3] which summarize all approved TPs.
Observation 7. In Rel-18 NR duplex evolution SI, RAN4 confirm FR1 MR and LA SBFD gNB with 1dB sensitivity degradation due to self-interference is achievable for implementation feasibility study. For FR1 WA and FR2 BS classes, there is no conclusion now.
Co-site inter-sub band inter-sector analysis
There is no uniform criterion in terms of de-sense on co-channel co-site inter-sector CLI for implementation feasibility study in RAN4. Companies provide their own inter-sector interference based on one uniform framework table. Detailed RF feasibility analysis from different companies are captured in [3] which summarize all approved TPs. 
RF impact analysis
RAN4 evaluate all RF requirements and summarize which existing RF requirements are still applicable with in SBFD time slot, which requirements are new requirements, which requirements may be impact and which requirements are not applicable. Detailed analysis are listed in [4], [5] and [6]. 
2.1.4 Adjacent Coexistence study in RAN4
RAN4 focus on adjacent channel co-existence study in Rel-18 with following scenarios. 
Table 3. Coexistence study scenarios in RAN4
	FR
	Scenario No.
	Deployment Scenario1
(Aggressor -> Victim)
	Priority

	FR1
(4GHz)
	1
	Urban Macro -> Urban Macro
	High

	
	2
	Urban Hotspot -> Urban Hotspot
	Note 4

	
	3
	Indoor -> Indoor
	Low

	
	4
	UMa-to-UMi
	High

	
	5
	UMi-to-UMi
	Low

	FR2
(30GHz)
	6
	Urban Macro -> Urban Macro
	High

	
	7
	Urban Hotspot -> Urban Hotspot
	Down-select

	
	8
	Urban Micro -> Urban Micro
	Low

	
	9
	Indoor -> Indoor
	Low

	Note 1: The Urban Macro is agreed as baseline scenario for SBFD co-ex study with high priority in RAN4#104-e, while it does not preclude other scenarios.
Note 2: The Urban Hotspot uses the same assumption as Urban Macro, except that Urban Macro uses random dropping method for UE while Urban Hotspot uses cluster-based dropping method for UE. Both random dropping and cluster-based dropping for calibration.
Note 3: Consider Urban Macro scenario first for calibration purpose.
Note 4: Companies are encouraged to provide simulation results for Urban Hotspot scenario as 2nd priority. [Editor’s Note: Agreement 2.2.1 of R4-2302888]


UE-to-UE co-existence scenario
RAN4 draw some conclusion based on collected simulation results until August RAN4#108 meeting [7]. Details are listed as below.
For UE random uniform distribution, SINR/throughput degradation is acceptable for following scenarios with 100% grid shift and baseline assumption. More analysis for other scenarios will be performed in RAN4.
· FR1 UMa-to-UMa cell average
· FR1 indoor-to-indoor
· FR1 UMa-to-Umi
· FR2 UMa-to-UMa
Observation 8. In Rel-18 NR duplex evolution SI in RAN4, based on collected simulation results until RAN4 #108 meeting, UE-to-UE interference for following scenario is acceptable for UE random uniform distribution:
· FR1 UMa-to-UMa cell avergage
· FR1 indoor-to-indoor
· FR1 UMa-to-Umi
· FR2 UMa-to-UMa
For UE cluster-based distribution which is used to simulate the case when costumers are clustered together, e.g., in stadium, some companies’ results show the UE-to-UE CLI is still acceptable whereas other simulation results show larger than 5% throughput loss at cell edge. There is still no conclusion now.
gNB-to-gNB co-existence scenario
According to preliminary simulation results, compared with self-interference and inter-sector interference, inter-site gNB-to-gNB CLI interference is the dominate factor based on assumed NF and ACIR modelling. 
RAN4 draw some conclusion based on collected simulation results until August RAN4#108 meeting [7]. Details are listed as below. 
· For FR1 UMa gNB-to-UMa gNB co-existence scenario, around or higher than 5% throughput loss is observed for 100% grid shift and baseline assumption. 
· For FR1 UMa gNB-to-UMi gNB co-existence scenario, higher than 5% throughput loss is observed for 100% grid shift and baseline assumption when SBFD DU interfere NR TDD UL. 
· For FR1 UMi gNB-to-UMi gNB co-existence scenario, there is no conclusion. But according to co-existence results in R16 CLI TR 38.828 [8], the dominated gNB-to-gNB CLI could be reduced to some extent compared with UMa-to-UMa scenario and maybe feasible from co-existence point of view. More analysis will be performed in RAN4.
· For FR1 Indoor gNB-to-Indoor gNB co-existence scenario, the interference between legacy TDD and SBFD is acceptable for 100% grid shift and baseline assumption.
· For FR2 UMa gNB-to-UMa gNB co-existence scenario, the interference between legacy TDD and SBFD is acceptable with current or enhanced ACIR for 100% grid shift and baseline assumption.
Observation 9. In Rel-18 NR duplex evolution SI in RAN4, for gNB-to-gNB interference, it seems only UMa-to-UMa scenario and UMa-to-UMi scenario will lead to larger than 5% throughput loss. For FR1 indoor-to-indoor and FR2 UMa-to-UMa scenario, gNB-to-gNB interference is acceptable.
For SBFD DL interfere legacy TDD UL case, gNB-gNB interference could be avoided if operator only use legacy TDD DL slot for SBFD. And RAN4 has approved that all RF requirement would be defined based on the assumption that only using legacy TDD DL slot for SBFD.
For legacy TDD DL interfere SBFD UL case, actual commercial SBFD UL network performance may be better than what is observed from co-existence study because commercial gNB could have better NF performance or some advanced interference cancellation schemes could be utilized. Besides, latency reduction gains and UL coverage enhancements are expected with SBFD deployments even with throughput degradation in SBFD UL. 
Observation 10. In Rel-18 NR duplex evolution SI in RAN4, latency reduction gains and UL coverage enhancements are expected with SBFD deployments even with throughput degradation in SBFD UL. 
2.2 Dynamic/flexible TDD study progress
In Rel-16 CLI WI, only L3 inter-UE CLI measurement and report was specified and inter-gNB CLI was not addressed. In Rel-18 NR duplex evolution SI, both inter-gNB and inter-UE CLI handling schemes are studied which can be applied to both SBFD and dynamic/flexible TDD. More details can be found in the section 8 in TR 38.858 [2] and a brief summary is provided as the following: 

Table 4. Summary of dynamic/flexible TDD study
	Issues
	Study contents
	Study conclusions

	Inter-gNB CLI handling
	gNB-to-gNB co-channel CLI measurement and/or channel measurement based on SSB/CSI-RS
	Well discussed including the measurement resource, measurement metric, information exchange.

	
	gNB-to-gNB co-channel CLI measurement and/or channel measurement based on transparent or non-transparent UL resource muting
	No conclusion due to few evaluation results. 

	
	Coordinated scheduling for time/frequency resources between gNBs
	The knowledge among gNBs of semi-static SBFD time and frequency configuration can be beneficial.

	
	Spatial domain coordination
	No conclusion due to few evaluation results.

	
	Power control based solution
	No conclusion due to few evaluation results.

	
	UE and gNB transmission and reception timing
	No conclusion on the necessity and the detailed schemes.

	Inter-UE CLI handling
	UE-to-UE co-channel CLI measurement
	[bookmark: _Hlk136331196]L1/L2 UE-to-UE co-channel CLI measurement schemes are studied, but companies have different views on the performance gain.

	
	Coordinated scheduling for time/frequency resources between gNBs
	The knowledge among gNBs of semi-static SBFD time and frequency configuration can be beneficial.

	
	Spatial domain coordination
	No conclusion due to no evaluation results.

	
	Power control based solution
	No conclusion due to no/few evaluation results.

	
	UE and gNB transmission and reception timing
	No conclusion on the necessity and the detailed schemes.



Due to the limited number of evaluation sources submitted to RAN1 (the number is no more than three for each inter-gNB CLI handling scheme and there are no evaluation results for all inter-UE CLI handling schemes), there is no recommendation about inter-gNB and inter-UE CLI handling schemes in TR 38.858 v1.0.0 section 13.
[bookmark: _Hlk136360149]The inter-gNB CLI was not specified in previous release and during the inter-gNB CLI handling study in Rel-18, the inter-gNB CLI measurement and reporting based on SSB/CSI-RS resource is well studied with an outcome on the measurement resource, measurement metric and information exchange. However, whether to support transparent and/or non-transparent UL resource muting for inter-gNB CLI measurement and/or channel measurement has no conclusion. In addition, it is also concluded that the exchange of SBFD subband time and frequency configuration is beneficial to inter-gNB CLI handling. The discussion on other inter-gNB CLI handling aspects are limited and no conclusion on whether to be supported or not. Therefore, we think at least these two aspects can be considered to be specified in Rel-19 to complete the missing work of inter-gNB CLI handling in previous releases.
In the inter-UE CLI handling study, most discussion focus on L1/L2 inter-UE CLI measurement and report which can reduce the report latency and reflect instant CLI compared with Rel-16 L3 inter-UE CLI measurement and report, but companies have different views on the performance gain. The discussion on other inter-UE CLI handling aspects is limited without detailed solutions and specification impact in TR 38.858. Taking into the account of the study progress, the whole inter-UE CLI handling enhancement scheme for dynamic/flexible TDD can be dropped for Rel-19 NR duplex evolution WI. 
[bookmark: _Hlk136359412]Observation 11. In Rel-18 NR duplex evolution SI in RAN1, inter-gNB CLI measurement and reporting based on SSB/CSI-RS resource and exchange of SBFD subband time and frequency configuration are well studied in RAN1 to handle inter-gNB CLI which has not addressed in previous release. 
3. Objectives
Based on the above discussion of Rel-18 SI progress, we suggest to have a follow-up WI to support SBFD in Rel-19 to provide enhanced UL coverage, reduced latency, improved UPT in unpaired spectrum.
Proposal 1. Convert the NR duplex evolution SI to WI in Rel-19 to support SBFD operation for enhanced UL coverage, reduced latency, improved UPT in unpaired spectrum.
The following objectives are proposed as the starting point for the followed-up Rel-19 NR duplex evolution WI.
· Objective 1: Subband signalling and UE behavior for SBFD:
· Subband time and frequency locations indication;
· UL transmission and DL reception behavior in SBFD symbols for half-duplex UE, including UL/DL collision handling.
· Objective 2: Enhancements for physical channels/signals transmissions and receptions for SBFD:
· Enhancement of PDSCH/PUSCH resource allocation and precoding granularity in SBFD symbol;
· Enhancement of CSI-RS resource allocation and CSI report;
· Enhancement of transmissions and receptions of channels/signals across SBFD symbols and non-SBFD symbols within a slot or across SBFD and non-SBFD slots.
· Objective 3: Inter-UE CLI handling enhancement schemes for SBFD:
· Inter-UE CLI-RSSI measurement and report across downlink subbands;
· Objective 4: Inter-gNB CLI handling enhancement schemes for SBFD and dynamic/flexible TDD:
· Inter-gNB CLI measurement and/or channel measurement;
· Network information exchange, including exchange of SBFD time and frequency configuration, inter-gNB CLI measurement resource and results.
· Objective 5: Define RF core and performance requirements for SBFD gNB and UE if needed.

The first objective is the subband signalling and UE behaviour for SBFD. The detailed scopes at least include semi-static SBFD subband locations indication, interaction with legacy signalling, e.g., TDD config dedicated signalling and SFI, half-duplex UE transmission and reception behaviour in SBFD symbols/SSB symbols configured with subband, DL and UL collision handling in SBFD symbols. According to the discussion in section 2.1.2 in this paper, we propose to preclude dynamic SBFD and random access in Rel-19 but not close the door for further release.
The second objective is about enhancements for transmissions and receptions for SBFD, including the PDSCH/PUSCH resource allocation/pre-coder due to the overlapped boundary of SBFD subbands, non-continuous CSI-RS resource allocation across DL subbands, CSI report associated with P-/SP-CSI-RS across SBFD and non-SBFD slots, PDCCH enhancement, UE transmission/reception for a physical channel/signal occasion mapped to SBFD and non-SBFD symbols within a slot, UE transmission/reception across SBFD and non-SBFD slots. The options identified in Rel-18 SI phase can be taken as the starting point and further down-selection can be done in Rel-19 WI phase. Since some companies have concern on the PDCCH resource allocation enhancement, the related work is not included.
The third objective is about inter-UE CLI handling enhancement schemes for SBFD. Firstly we think inter-UE L3 based CLI-RSSI measurement and report across downlink subbands for SBFD can be specified with limited spec efforts.
The fourth objective is about inter-gNB CLI handling enhancement schemes for SBFD and dynamic/flexible TDD, mainly focusing on inter-gNB CLI measurement and/or channel measurement and SBFD time and frequency configuration information exchange to complete the missing part in previous releases.
The fifth objective is RAN4’s objective to define RF requirements for SBFD gNB and UE if needed. according to RAN4 #107 meeting agreements, if no issues identified by co-existence study, existing UE RF requirements can be applied as default assumption for study phase conclusion. Detailed UE RF requirements if any should be discussed during WID phase.
4. Conclusions
In this contribution, the justification and objectives for Rel-19 NR duplex evolution WI are discussed, and the following observations and proposals are made.
Observation 1. In Rel-18 NR duplex evolution SI, for SBFD deployment case 1 (non-coexistence case with same SBFD configuration amongst gNBs), with the assumption of 1dB desense for self-interference suppression, no less than or equal to 93dB(FR1)/98dB(FR2-1) for the total capability of spatial isolation and digital isolation for co-site inter-sector CLI, and “twice the total number of antenna elements and same total number of TxRUs”, SLS evaluation results show that semi-static SBFD operation is beneficial compared to legacy TDD regarding UL UPT/latency for indoor/urban macro/dense urban macro scenarios in FR1 and indoor/dense urban macro scenarios in FR2-1. 
Observation 2. In Rel-18 NR duplex evolution SI, for SBFD deployment case 3-2 in FR1 (co-channel co-existence case with legacy TDD for macro layer and same SBFD configuration for indoor layer gNBs), with the assumption of 1dB desense for self-interference suppression and “twice the total number of antenna elements and same total number of TxRUs”, SLS evaluation results show that semi-static SBFD operation is beneficial compared to legacy TDD regarding UL UPT/latency for the indoor layer. 
Observation 3. In Rel-18 NR duplex evolution SI, for SBFD deployment case 4 in FR1 (adjacent channel co-existence case), with the assumption of 1dB desense for self-interference suppression, equal to 93dB for the total capability of spatial isolation and digital isolation for co-site inter-sector CLI, equal to 93dB for spatial isolation for co-site adjacent-channel CLI, and “twice the total number of antenna elements and same total number of TxRUs”, SLS evaluation results show that semi-static SBFD operation is beneficial compared to legacy TDD regarding UL UPT/latency for the SBFD operator, and the performance impact of semi-static SBFD to legacy TDD of another operator is limited and acceptable at least for semi-static SBFD with XXXXU slot format.
Observation 4. In Rel-18 NR duplex evolution SI, with the assumption of 1dB desense for self-interference suppression, LLS evaluation results show that semi-static SBFD operation is beneficial compared to legacy TDD regarding UL coverage for urban macro scenario in FR1 and dense urban macro scenario in FR2-1. 
Observation 5. In Rel-18 NR duplex evolution SI, the subband-based SBFD operation scheme is well studied in RAN1 with the outcome of a solid SBFD operation option 4 framework. 
· There is no conscious to support dynamic SBFD and to support SBFD for RRC_IDLE state.
· There is no conscious on solutions to mitigate the interference increase due to time misalignment at gNB between UL receptions and DL transmission.
Observation 6. The following objectives can be considered in follow-up Rel-19 NR duplex evolution WI: 
· Subband time and frequency location configuration;
· UE behaviour in SBFD symbols configured as downlink and flexible in TDD config common;
· Impact and potential enhancements for UE transmission and reception behavior and procedures in SBFD symbols and/or non-SBFD symbols;
· Inter-UE CLI handling enhancement schemes for SBFD based on inter-UE CLI-RSSI measurement and report across downlink subbands.
Observation 7. In Rel-18 NR duplex evolution SI, RAN4 confirm FR1 MR and LA SBFD gNB with 1dB sensitivity degradation due to self-interference is achievable for implementation feasibility study. For FR1 WA and FR2 BS classes, there is no conclusion now.
Observation 8. In Rel-18 NR duplex evolution SI, based on collected simulation results until RAN4 #108 meeting, UE-to-UE interference for following scenario is acceptable for UE random uniform distribution:
· FR1 UMa-to-UMa cell avergage
· FR1 indoor-to-indoor
· FR1 UMa-to-Umi
· FR2 UMa-to-UMa
Observation 9. In Rel-18 NR duplex evolution SI in RAN4, for gNB-to-gNB interference, it seems only UMa-to-UMa scenario and UMa-to-UMi scenario will lead to larger than 5% throughput loss. For FR1 indoor-to-indoor and FR2 UMa-to-UMa scenario, gNB-to-gNB interference is acceptable.
Observation 10. In Rel-18 NR duplex evolution SI in RAN4, latency reduction gains and UL coverage enhancements are expected with SBFD deployments even with throughput degradation in SBFD UL. 
Observation 11. In Rel-18 NR duplex evolution SI in RAN1, inter-gNB CLI measurement and reporting based on SSB/CSI-RS resource and exchange of SBFD subband time and frequency configuration are well studied in RAN1 to handle inter-gNB CLI which not been addressed in previous release. 
Proposal 1. Convert the NR duplex evolution SI to WI in Rel-19 to support SBFD operation for enhanced UL coverage, reduced latency, improved UPT in unpaired spectrum.
· Objective 1: Subband signalling and UE behavior for SBFD:
· Subband time and frequency locations indication;
· UL transmission and DL reception behavior in SBFD symbols for half-duplex UE, including UL/DL collision handling.
· Objective 2: Enhancements for physical channels/signals transmissions and receptions for SBFD:
· Enhancement of PDSCH/PUSCH resource allocation and precoding granularity in SBFD symbol;
· Enhancement of CSI-RS resource allocation and CSI report;
· Enhancement of transmissions and receptions of channels/signals across SBFD symbols and non-SBFD symbols within a slot or across SBFD and non-SBFD slots.
· Objective 3: Inter-UE CLI handling enhancement schemes for SBFD:
· Inter-UE CLI-RSSI measurement and report across downlink subbands;
· Objective 4: Inter-gNB CLI handling enhancement schemes for SBFD and dynamic/flexible TDD:
· Inter-gNB CLI measurement and/or channel measurement;
· Network information exchange, including exchange of SBFD time and frequency configuration, inter-gNB CLI measurement resource and results.
· Objective 5: Define RF core and performance requirements for SBFD gNB and UE if needed.
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