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[bookmark: _Ref4817]Introduction
In RAN#95 meeting, a revised SID on NR duplex evolution has been endorsed with the following objectives [1].
	[bookmark: _Hlk89819652]The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum.

In this study, the followings are assumed:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges

The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).

Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. 



In this contribution, we provide our analysis for deployment scenario, interference model, evaluation methodology, and simulation assumptions.
General considerations
Overview
According to the justification of SID, allocation of a limited time duration for the uplink in TDD would result in reduced coverage, increased latency and reduced capacity. Subband non-overlapping full duplex at the gNB side within a conventional TDD band is a potential enhancement on this limitation of the conventional TDD operation. 
Since Rel-18 is the first NR release to study full-duplex, it is essential to perform thorough analysis and study for sub-band non-overlapping duplex in this release. Because this is going to lay the foundation for in-band overlapping full duplex for both gNB and UE for both 5G and 6G in the future.
Proposal 1: Perform thorough analysis and study for sub-band non-overlapping duplex in Rel-18 to lay the foundation for future duplex study for both 5G and 6G.
Dynamic/flexible TDD is another focus of this SI. The interference model and potential interference management/cancellation solutions for subband full duplex can likely be reused for dynamic/flexible TDD. Considering dynamic/flexible TDD is an urgent market need, it should be treated with the same priority as subband full duplex.
Proposal 2: Perform thorough analysis and study for dynamic/flexible TDD with the same priority as sub-band non-overlapping duplex.

Challenges
The main limitation of conventional TDD system is the UL, i.e., UL throughput, UL coverage and DL&UL latency. However, for legacy TDD system, UL throughput, UL coverage and DL&UL latency can already be ensured separately by different techniques. For example, UL throughput can be improved by UL MIMO and allocating more UL symbols in each TDD periodicity. Rel-16/17 has specified several solutions in URLLC to reduce UL latency, e.g., mini-slot PUCCH. Furthermore, considering that Rel-17 coverage WI has finalized some enhancements for PUCCH, PUSCH and Msg3, the coverage for UL has been improved a lot. 
The main challenges for the conventional TDD system are ensuring more than one of UL throughput, UL coverage and DL&UL latency simultaneously. 
· Challenge ①: Ensuring UL throughput + UL coverage simultaneously, e.g., video surveillance. 
· Challenge ②: Ensuring UL throughput + DL&UL Latency simultaneously, e.g., machine vision.
· Challenge ③: Ensuring UL coverage + DL&UL Latency simultaneously, e.g., condition monitoring sensors for safety. 
If we further consider DL together with UL, we can assume that DL coverage is not an issue for conventional TDD system. Then the main challenges for conventional TDD are ensuring DL throughput + one of UL throughput, UL coverage and DL&UL Latency together.
· Challenge ④: Ensuring DL throughput + DL&UL Latency simultaneously, e.g., online gaming. 
· Challenge ⑤: Ensuring DL throughput + UL throughput simultaneously, e.g., XR.
· Challenge ⑥: Ensuring DL throughput + UL coverage simultaneously, e.g., high-definition live video stream. 


Figure 2-1: Challenges of the conventional TDD operation.
Rel-18 duplex evolution should consider these above 6 challenges of legacy TDD system and evaluate the potential gain of subband full duplex.
Proposal 3: Rel-18 duplex evolution considers the following 6 challenges of legacy TDD system and evaluate the potential gain of subband full duplex.
· Challenge ①: Ensuring UL throughput + UL coverage simultaneously.
· Challenge ②: Ensuring UL throughput + DL&UL Latency simultaneously.
· Challenge ③: Ensuring UL coverage + DL&UL Latency simultaneously.
· Challenge ④: Ensuring DL throughput + DL&UL Latency simultaneously.
· Challenge ⑤: Ensuring DL throughput + UL throughput simultaneously.
· Challenge ⑥: Ensuring DL throughput + UL coverage simultaneously.

Scenarios
Since the main motivations of duplex evolution are UL coverage, latency and UL capacity, the typical scenarios are urban macro, dense urban, indoor hotspot and urban macro + indoor hotspot. Other scenarios are also possible and we are open to add more scenarios.
Proposal 4: RAN1 studies at least the following scenarios in Rel-18 duplex SI
· For subband full duplex: urban macro, dense urban, indoor hotspot and urban macro + indoor hotspot (optional).
· For dynamic/flexible TDD: dense urban, and urban macro + indoor hotspot

Regarding the deployment, there could be at least the following deployments for dynamic TDD.
Deployment#1: All the gNBs are legacy TDD gNB, some of the gNBs are with one TDD slot format (e.g., DDDSU) and the other gNBs are with another TDD slot format (e.g., DSUUU).

And there are at least the following deployments for suband full duplex.
Deployment#2: All the gNBs are subband full duplex gNB in the same channel with the same time/frequency pattern. This deployment is for the band that has no adjacent channels. This deployment is mainly used to evaluate the potential gain of subband full duplex without any co-existence interference.
Deployment#3: All the gNBs in channel#1 are subband full duplex gNB with the same time/frequency pattern. There are also other legacy TDD gNBs in adjacent channel#2. This deployment is for the duplex gNBs in a band that has legacy TDD adjacent channels. This deployment is typical since it can be expected that not all operators will upgrade its networks to duplex in the same time. This deployment is mainly used to evaluate the potential gain of subband full duplex with co-existence adjacent channel interference.
Deployment#4: Some gNBs in channel#1 are subband full duplex gNB with the same time/frequency pattern. There are also other legacy TDD gNBs in channel#1. This deployment is for the duplex gNBs in a band that has some legacy TDD gNBs without upgrading into duplex. This deployment may happen if not all the legacy TDD gNBs are upgraded into duplex in one certain area. This deployment is mainly used to evaluate the potential gain of subband full duplex with co-existence co-channel interference.
Deployment#5: gNBs in channel#1 are subband full duplex gNB with the different time/frequency patterns. This deployment may happen if different time/frequency patterns are required for different traffics. 
Deployment#6: Isolated case. There is only one single subband full duplex gNB without any interference from other co-channel or adjacent channel gNBs. This deployment is mainly for some specific indoor cases. 
From our perspective, deployment#1, deployment#2, deployment#3 and deployment#4 are prioritized since the SID explicitly requires RAN1 to study dynamic TDD, subband full duplex considering the co-channel and adjacent channel interference. Deployment#5 and deployment#6 are with lower priority.
Table 2-1: Summary of different deployments for dynamic TDD and subband full duplex.
	Deployments
	Description

	Deployment#1
(1st priority)
	Dynamic TDD
All the gNBs are legacy TDD gNB in the same channel with two different TDD slot formats.
 




	Deployment#2
(1st priority)
	Subband full duplex
All the gNBs are subband full duplex gNB in the same channel with the same time/frequency pattern without any co-existence co-channel or adjacent channel interference.





	Deployment#3
(1st priority)
	Subband full duplex
All the gNBs in channel#1 are subband full duplex gNB with the same time/frequency pattern. There are also other legacy TDD gNBs in adjacent channel#2.






	Deployment#4
(1st priority)
	Subband full duplex
Some gNBs in channel#1 are subband full duplex gNB with the same time/frequency pattern. There are also other legacy TDD gNBs in channel#1.





	Deployment#5
(2nd priority)
	Subband full duplex
gNBs in channel#1 are subband full duplex gNB with the different time/frequency patterns. 





	Deployment#6
(2nd priority)
	Isolated case. 
There is only one single subband full duplex gNB without any interference from other co-channel or adjacent channel gNBs.






Proposal 5: RAN1 studies the following potential deployment for dynamic TDD and subband full duplex.
· Deployment#1 (1st priority): Dynamic TDD, all the gNBs are legacy TDD gNB in the same channel with two different TDD slot formats. 
· Deployment#2 (1st priority): Subband full duplex, all the gNBs are subband full duplex gNB in the same channel with the same time/frequency pattern without any co-existence co-channel or adjacent channel interference. 
· Deployment#3 (1st priority): Subband full duplex, all the gNBs in channel#1 are subband full duplex gNB with the same time/frequency pattern. There are also other legacy TDD gNBs in adjacent channel#2. 
· Deployment#4 (1st priority): Subband full duplex, some gNBs in channel#1 are subband full duplex gNB with the same time/frequency pattern. There are also other legacy TDD gNBs in channel#1.
· Deployment#5 (2nd priority): Subband full duplex, gNBs in channel#1 are subband full duplex gNB with the different time/frequency patterns. 
· Deployment#6 (2nd priority): Isolated case. There is only one single subband full duplex gNB without any interference from other co-channel or adjacent channel gNBs. 

RAN1&RAN4 coordination
RAN1 starts R18 duplex study from Q2, while RAN4 will start from Q3. RAN1’s simulation relies on RAN4’s input, e.g., gNB self-interference suppression capability (the detailed model will be described in section 3.2). RAN1 should start discussing which information requires RAN4 input and send LS to RAN4 as soon as possible. 
If RAN4 doesn’t progress smoothly, RAN1 will have to wait for RAN4’s input to carry out RAN1’s simulation. To avoid this high dependency on RAN4’s input, RAN1 can start discussing simulation parameters and calibrate geometry by defining some simplified interference model from RAN1 perspective just for calibration. Once RAN1 receives RAN4 input, RAN1 can further decide whether to calibrate the geometry based on RAN4’s input again. After geometry calibration, the RAN4’s input will of course be considered in the performance evaluation. In this sense, RAN1 can avoid getting stuck due to waiting for RAN4’s input.
Proposal 6: To progress RAN1 study on duplex smoothly,
· RAN1 starts identifying information that requires RAN4 input and sends LS to RAN4 as soon as possible.
· RAN1 firstly calibrates geometry based on some simplified interference model defined by RAN1 and secondly calibrates geometry based on RAN4’s input once it is available.

Interference model
Terminology alignment
According to the previous discussion, it seems companies have different understandings on the terminologies used for different kinds of interferences, .e.g., co-channel inter-subband interference. Before jumping into the detailed discussion, it is beneficial to align companies’ understanding first. The following is our understanding.
Table 3-1: Summary of understandings of different terminologies.
	Terminology
	Detailed description

	Co-channel interference
	The centre frequency of carrier#1 from aggressor and carrier#2 from victim is the same. In this case, the interference from carrier#1 to carrier#2 is called co-channel interference.
Co-channel interference can be gNB-to-gNB co-channel interference, UE-to-UE co-channel interference, gNB-to-UE co-channel interference and UE-to-gNB co-channel interference.
The following is an example of gNB-to-gNB co-channel interference, where gNB1@F1 is the aggressor and gNB2@F1 is the victim.


Figure 3-1

	Adjacent channel interference
	The centre frequency of carrier#1 from aggressor and carrier#2 from victim is different. In this case, the interference from carrier#1 to carrier#2 is called adjacent channel interference.
Typically, adjacent channel interference can be gNB-to-gNB adjacent channel interference and UE-to-UE adjacent channel interference.
The following is an example of gNB-to-gNB adjacent channel interference, where gNB2@F2 is the aggressor and gNB1@F1 is the victim.
  [image: ]
Figure 3-2

	Subband
	A subband is a number of continuous RBs within a BWP. It can be divided into DL subband and UL subband. 
The following is an example of subband. There are three subbands in the middle slot. The UL subband is in between of two DL subbands.


Figure 3-3

	Intra-subband interference
	The frequency range of subband#1 from aggressor and subband#2 from victim is the same. In this case, the interference from subband#1 to subband#2 is called intra-subband interference. The intra-subband interference is similar to co-channel interference while at subband level.
The following is an example of intra-subband interference, where the top DL subband from gNB2 is the aggressor and the top UL subband from gNB1 is the victim.



Figure 3-4

	Inter-subband interference
	The frequency range of subband#1 from aggressor and subband#2 from victim is different. In this case, the interference from subband#1 to subband#2 is called inter-subband interference. 
The following is an example of inter-subband interference, where the top DL subband from gNB2 is the aggressor and the middle UL subband from gNB1 is the victim.


Figure 3-5

	Co-channel intra-subband interference
	The centre frequency of carrier#1 from aggressor and carrier#2 from victim is the same. Meanwhile, the frequency range of subband#1 from carrier#1 and subband#2 from carrier#2 is the same. In this case, the interference from subband#1 to subband#2 is called co-channel intra-subband interference. 
The example in Figure 3-4 is co-channel intra-subband interference.

	Co-channel inter-subband interference
	The centre frequency of carrier#1 from aggressor and carrier#2 from victim is the same. Meanwhile, the frequency range of subband#1 from carrier#1 and subband#2 from carrier#2 is different. In this case, the interference from subband#1 to subband#2 is called co-channel inter-subband interference. 
The example in Figure 3-5 is co-channel inter-subband interference.



Proposal 7: Align understanding on the following terminologies.
· Co-channel interference: The interference is from carrier#1 to carrier#2, where the centre frequency of carrier#1 from aggressor and carrier#2 from victim is the same. 
· Adjacent channel interference: The interference is from carrier#1 to carrier#2, where the centre frequency of carrier#1 from aggressor and carrier#2 from victim is different.
· Subband: A subband is a number of continuous RBs within a BWP, including DL subband and UL subband. 
· Intra-subband interference: The interference is from subband#1 to subband#2, where frequency range of subband#1 from aggressor and subband#2 from victim is the same.
· Inter-subband interference: The interference is from subband#1 to subband#2, where frequency range of subband#1 from aggressor and subband#2 from victim is different.
· Co-channel intra-subband interference: The interference is from subband#1 of carrier#1 to subband#2 of carrier#2, where frequency range of subband#1 from aggressor and subband#2 from victim is the same and the centre frequency of carrier#1 and carrier#2 is the same.
· Co-channel inter-subband interference: The interference is from subband#1 of carrier#1 to subband#2 of carrier#2, where frequency range of subband#1 from aggressor and subband#2 from victim is different and the centre frequency of carrier#1 and carrier#2 is the same.

Summary of interference
Overall, as shown in the following Table 3-2, there are 11 different kinds of interference in subband full duplex and dynamic TDD. Among them, gNB-UE co-channel inter-subband interference (DL) (I9) and UE-gNB co-chanel inter-subband interference (UL) (I11) don’t need to be considered in the simulation since they are way too small compared with other interferences.
Table 3-2: Summary of different interferences.
	Interference
	Details
	Consider?

	gNB self-interference (I1)
	RAN4 input is required, e.g., antenna separation, RF domain suppression.
	Yes

	gNB-gNB co-channel intra-subband interference (I2)
	CLI interference model containing large scale and small scale
	Yes

	gNB-gNB co-channel inter-subband interference (I3)
	gNB-gNB inter-subband ACIR requires RAN4 input
CLI interference model containing large scale and small scale + ACIR
	Yes

	gNB-gNB adjacent interference (I4)
	Reuse the legacy ACIR/ACLR/ACS in TR 38.828
CLI interference model containing large scale + ACIR
	Yes

	UE-UE co-channel intra-subband interference (I5)
	CLI interference model containing large scale 
	Yes

	UE-UE co-channel inter-subband interference (I6)
	UE-UE inter-subband ACIR requires RAN4 input
CLI interference model containing large scale  + ACIR
	Yes

	UE-UE adjacent-channel interference (I7)
	Reuse the legacy ACIR/ACLR/ACS in TR 38.828
CLI interference model containing large scale + ACIR
	Yes

	gNB-UE co-channel intra-subband interference (DL) (I8)
	Legacy interference model containing large scale and small scale 
	Yes

	gNB-UE co-channel inter-subband interference (DL) (I9)
	gNB-UE inter-subband ACIR requires RAN4 input
Legacy interference model containing large scale and small scale + ACIR
	No

	UE-gNB co-chanel intra-subband interference (UL) (I10)
	Legacy interference model containing large scale and small scale 
	Yes

	UE-gNB co-chanel inter-subband interference (UL) (I11)
	UE-gNB inter-subband ACIR requires RAN4 input
Legacy interference model containing large scale and small scale + ACIR
	No



Proposal 8: Consider the following 9 interferences in RAN1 simulation. Among them, gNB self-interference (I1), gNB-gNB co-channel inter-subband interference (I3) and UE-UE co-channel inter-subband interference (I6) need RAN4 input.
· gNB self-interference (I1): RAN4 input is needed.
· gNB-gNB co-channel intra-subband interference (I2)
· gNB-gNB co-channel inter-subband interference (I3): RAN4 input is needed.
· gNB-gNB adjacent interference (I4)
· UE-UE co-channel intra-subband interference (I5)
· UE-UE co-channel inter-subband interference (I6): RAN4 input is needed.
· UE-UE adjacent-channel interference (I7)
· gNB-UE co-channel intra-subband interference (DL) (I8)
· UE-gNB co-chanel intra-subband interference (UL) (I10)

Detailed interference model
gNB self-interference per RB


	Notation
	Explanation

	n, m
	n is the UL RB index of the gNB, m is the DL RB index of the gNB.

	

	The total number of DL RBs of the active BWP of the gNB.

	

	The total number of (allocated) DL RBs of the gNB.

	

	The maximum transmission power of the gNB.

	

	The Tx antenna gain of the gNB.

	

	The Rx antenna gain of the gNB.

	

	The gNB self-interference suppression, e.g., antenna separation, RF domain, digital domain.
Basic assumption for RAN1 simulation calibration: 90dB, 130dB.
Note: Currently, it is described per RB. In the end, it is up to RAN4 how to define it, e.g.., it may be described per subband.



gNB-gNB co-channel intra-subband interference per RB of this intra-subband per aggressor gNB


	Notation
	Explanation

	n
	The UL RB index of the victim gNB.

	

	The total number of DL RBs of the active BWP of the aggressor gNB.

	

	The maximum transmission power of the aggressor gNB.

	

	The Tx antenna gain of the aggressor gNB.

	

	The Rx antenna gain of the victim gNB.

	

	The large scale coupling loss between the aggressor gNB and victim gNB, e.g., pathloss

	

	The small scale coupling loss for one RB n between the aggressor gNB and victim gNB derived from the channel H.
Note: Only the RB n of the aggressor gNB is considered for the RB n (with the same frequency) of the victim gNB in this case.



gNB-gNB co-channel inter-subband interference per RB per inter-subband per aggressor gNB


	Notation
	Explanation

	n, m
	n is the UL RB index of the victim gNB, m is the DL RB index of the aggressor gNB.

	

	The total number of DL RBs of the active BWP of the aggressor gNB.

	

	The maximum transmission power of the aggressor gNB.

	

	The Tx antenna gain of the aggressor gNB.

	

	The Rx antenna gain of the victim gNB.

	

	The large scale coupling loss between the aggressor gNB and victim gNB, e.g., pathloss

	

	The small scale coupling loss between RB n of the victim gNB and the RB m of the aggressor gNB derived by the channel H.

	

	The ACIR between RB n of the victim gNB and the RB m of the aggressor gNB.
Note: Currently, it is described per RB. In the end, it is up to RAN4 how to define it, e.g.., it may be described per subband.



gNB-gNB adjacent interference per RB per aggressor gNB


	Notation
	Explanation

	n
	The UL RB index of the victim gNB

	

	The maximum transmission power of the aggressor gNB.

	

	The Tx antenna gain of the aggressor gNB.

	

	The Rx antenna gain of the victim gNB.

	

	The Tx beam forming gain of the aggressor gNB.

	

	The Rx beam forming gain of the victim gNB.

	

	The large scale coupling loss between the aggressor gNB and victim gNB, e.g., pathloss

	

	The ACIR between the victim gNB and the aggressor gNB.
Note: The ACIR values in TR38.828 can be reused.



Note: It is assumed that adjacent channel gNB is always transmitting with the maximum transmission power. FFS the number and location of adjacent channel gNBs.

UE-UE co-channel intra-subband interference per RB of this intra-subband per aggressor UE


	Notation
	Explanation

	n
	The DL RB index of the victim UE.

	

	The total number of scheduled UL RBs of the aggressor UE.

	

	The maximum transmission power of the aggressor UE.

	

	The Tx antenna gain of the aggressor UE.

	

	The Rx antenna gain of the victim UE.

	

	The Tx beam forming gain of the aggressor UE.

	

	The Rx beam forming gain of the victim UE.

	

	The large scale coupling loss between the aggressor UE and victim UE, e.g., pathloss



UE-UE co-channel inter-subband interference per RB per inter-subband per aggressor UE


	Notation
	Explanation

	n, m
	n is the DL RB index of the victim UE, m is the UL RB index of the aggressor UE.

	

	The total number of scheduled UL RBs of the aggressor UE.

	

	The maximum transmission power of the aggressor UE.

	

	The Tx antenna gain of the aggressor UE.

	

	The Rx antenna gain of the victim UE.

	

	The Tx beam forming gain of the aggressor UE.

	

	The Rx beam forming gain of the victim UE.

	

	The large scale coupling loss between the aggressor UE and victim UE, e.g., pathloss

	

	The ACIR between RB n of the victim UE and the RB m of the aggressor UE.
Note: Currently, it is described per RB. In the end, it is up to RAN4 how to define it, e.g.., it may be described per subband.



UE-UE adjacent interference per RB per aggressor UE


	Notation
	Explanation

	n
	The DL RB index of the victim UE.

	

	The maximum transmission power of the aggressor UE.

	

	The Tx antenna gain of the aggressor UE.

	

	The Rx antenna gain of the victim UE.

	

	The Tx beam forming gain of the aggressor UE.

	

	The Rx beam forming gain of the victim UE.

	

	The large scale coupling loss between the aggressor UE and victim UE, e.g., pathloss

	

	The ACIR between the victim UE and the aggressor UE.
Note: The ACIR values in TR 38.828 can be reused.



Note: It is assumed that adjacent channel UE is always transmitting with the maximum transmission power. FFS the number and location of adjacent channel UEs.

gNB-UE co-channel intra-subband interference (DL) per RB of this intra-subband per aggressor gNB


	Notation
	Explanation

	n
	The DL RB index of the victim UE.

	

	The total number of DL RBs of the active BWP of the aggressor gNB.

	

	The maximum transmission power of the aggressor gNB.

	

	The Tx antenna gain of the aggressor gNB.

	

	The Rx antenna gain of the victim UE.

	

	The large scale coupling loss between the aggressor gNB and victim UE, e.g., pathloss

	

	The small scale coupling loss for one RB n between the aggressor gNB and victim UE derived from the channel H.
Note: Only the RB n of the aggressor gNB is considered for the RB n (with the same frequency) of the victim UE in this case.



UE-gNB co-chanel intra-subband interference (UL) per RB of this intra-subband per aggressor UE


	Notation
	Explanation

	n
	The UL RB index of the victim gNB.

	

	The total number of scheduled UL RBs of the aggressor UE.

	

	The maximum transmission power of the aggressor UE.

	

	The Tx antenna gain of the aggressor UE.

	

	The Rx antenna gain of the victim gNB.

	

	The large scale coupling loss between the aggressor UE and victim gNB, e.g., pathloss

	

	The small scale coupling loss for one RB n between the aggressor UE and victim gNB derived from the channel H.
Note: Only the RB n of the aggressor UE is considered for the RB n (with the same frequency) of the victim gNB in this case.



Proposal 9: Use the following interference model for subband full duplex simulation.
· gNB self-interference per RB. Basic assumption for RAN1 simulation calibration: 90dB and 130dB.


· gNB-gNB co-channel intra-subband interference per RB of this intra-subband per aggressor gNB


· gNB-gNB co-channel inter-subband interference per RB per inter-subband per aggressor gNB


· gNB-gNB adjacent interference per RB per aggressor gNB


· UE-UE co-channel intra-subband interference per RB of this intra-subband per aggressor UE


· UE-UE co-channel inter-subband interference per RB per inter-subband per aggressor UE


· UE-UE adjacent interference per RB per aggressor UE


· gNB-UE co-channel intra-subband interference (DL) per RB of this intra-subband per aggressor gNB


· UE-gNB co-chanel intra-subband interference (UL) per RB of this intra-subband per aggressor UE



Simulation
Evaluation methodology
First of all, system level simulation is needed to evaluate the potential gain of subband full duplex, e.g., the gain of UL throughput, UL coverage and latency. In addition to system level simulation, we are also open to other simulation methods if deemed necessary.
For system evaluation, the DL and UL need to be simulated simultaneously in the same system in order to evaluate the DL/UL interference and comprehensively understand the potential gain and impact to both DL and UL.
Regarding the performance metrics, the cell capacity (i.e., average number of supported users per cell) can be adopted because cell capacity can reflect the overall situation of DL throughput, UL throughput and latency.
Regarding the traffic model, it has to contain both DL and UL traffics. The XR traffic model defined in Rel-17 can be a good baseline. Considering that there are different challenges as described in section 2.2, one simple way is to use FTP 3 model and determine different DL&UL traffic ratio and different latency requirements. Both XR and FTP3 can be considered.
Table 4-1: Traffic model of XR.
	Use Case
	Mean packet size (Bytes)
	STD of packet sizes (Bytes)
	Min packet size (Bytes)
	Max packet size (Bytes)
	Packet arrival interval (ms)
	Packet delay budget (ms)
	Jitter
	Reliability requirement

	scene/video/data/audio stream 
	20833
	2187
	10416
	31249
	16.67
	30
	No
	99%

	Pose and Control 
	Fixed packet size =100Bytes
	4
	10
	No
	99%



Proposal 10: For system level simulation for subband full duplex and dynamic TDD,
· DL and UL need to be simulated simultaneously in the same system
· Performance metrics: Cell capacity (i.e., average number of supported users per cell)
· Traffic model: XR or FTP3

Channel models
Subband full duplex and dynamic TDD need to simulate the channel models for gNB-gNB and UE-UE.
For co-channel gNB-gNB channel model, we simulate the channel model with both large scale (e.g., path loss and penetration loss) and small scale (e.g., fast fading). For adjacent channel gNB-gNB channel model, channel model with large scale (e.g., path loss and penetration loss) should be sufficient.
[image: ]
Figure 4-1: Different channel models.
For UE-UE channel model, channel model with large scale (e.g., path loss and penetration loss) should be sufficient for co-channel and adjacent channel models.
Proposal 11: For Subband full duplex and dynamic TDD simulation,
· RAN1 considers channel model with both large scale (e.g., path loss and penetration loss) and small scale (e.g., fast fading) for co-channel gNB-gNB channel model.
· RAN1 considers channel model with large scale (e.g., path loss and penetration loss) for adjacent channel gNB-gNB channel model.
· RAN1 considers channel model with large scale (e.g., path loss and penetration loss) for UE-UE co-channel and adjacent channel model.

Below is an example on how to simulate the channel models for gNB-gNB and UE-UE.
Table 4-2: gNB-gNB and UE-UE traffic models for different scenarios.
	Urban Macro
	Path loss
Macro-to-Macro: 5GCM UMa (hUE = 25 m) see TR 38.901
UE-to-UE: UMi-Street canyon (hBS = 1.5 m ~ 22.5 m) see TR 38.802 & 38.901
Penetration loss: 
Macro-to-Macro: N/A
UE-to-UE：Based on Table A.2.1-12 and Table A.2.1-13  in TR38.802

	Indoor hotspot
	Path loss
BS-to-BS:  5GCM Indoor-office (hUE =3 m) see TR 38.901
UE-to-UE:  5GCM Indoor-office (hBS =1.5 m) see TR 38.901
Penetration loss: 
Macro-to-Macro: N/A
UE-to-UE：N/A

	Dense Urban
	Path loss
Macro-to-Macro: 5GCM UMa (hUE = 25 m) see TR 38.901
Macro-to-Micro:  5GCM UMa (hUE  = 10 m) see TR 38.901
Micro-to-Macro: UMi-Street canyon (hUE = 25 m) see TR 38.901
Micro-to-Micro: UMi-Street canyon (hUE = 10 m) see TR 38.901
UE-to-UE: UMi-Street canyon (hBS = 1.5 m ~ 22.5 m) see TR 38.901
Penetration loss: 
BS-to-BS:  N/A
UE-to-UE：Based on Table A.2.1-12 and Table A.2.1-13  in TR38.802

	Urban Maro + Indoor hotspot
	Path loss
Macro-to-Macro: 5GCM UMa (hUE = 25 m) see TR 38.901
Macro-to-hotspot: 5GCM UMa, (hUE = 3 m), see TR38.901 
Hotspot-to-Macro: 5GCM Indoor-office (hUE = 25 m), see TR38.901
Hotspot-to-hotspot: 5GCM Indoor-office (hUE = 3 m), see TR38.901
UE-to-UE: oudoor UE to outdoor UE: UMi-Street canyon (hBS = 1.5 m) see TR 38.901;
outdoor UE to indoor UE: UMi-Street canyon (hBS = 1.5 m) see TR 38.901;
indoor UE to indoor UE:  5GCM Indoor-office (hBS = 1.5 m) see TR 38.901;
indoor UE to outdoor UE:  5GCM Indoor-office (hBS = 1.5 m) see TR 38.901;
Penetration loss: 
Macro-to-UE: see TR38.901
Hotspot-to-UE: No need 
Hotspot-to-hotspot: see TR 38.901 the penetration loss for indoor hotspots in different building can be increased by wall penetration
Macro-to-hotspot: see TR 38.901
Hotspot-to-Macro: see TR 38.901
UE-to-UE: Based on Table A.2.1-12 and Table A.2.1-13 in TR38.802



The detailed pass loss model and penetration loss model can be found above Table 4-2, other models can be referred to TR38.901. But the LOS probability in TR38.901 is derived with assuming antenna heights of 3m for indoor gNB, 10m for UMi gNB, 25m for UMa gNB and 1.5m for UE. Since gNB-gNB channel model is assumed that the UE antenna heights is 3m for indoor, 10m for UMi, 25m for UMa, and UE-UE channel model is assumed that the gNB antenna height is 1.5m, it is difficult to reuse the LOS probability model in TR38.901, further discussion is required.
Proposal 12: Regarding channel model for simulation of subband duplex and dynamic TDD 
· gNB-gNB channel model: reusing the 38.901 channel model by replacing the UE’s antenna height with victim gNB’s antenna height;
· UE-UE channel model: reusing the 38.901 channel model by replacing the gNB’s antenna height with aggressor UE’s antenna height;
· FFS LOS probability

Simulation assumptions
As discussion above, we suggest to perform geometry calibration firstly based on RAN1’s assumption. Both DL and UL SINR calibration is required since DL and UL are simulated in the same system. In this section, some specific simulation assumptions are discussed, and the common simulation parameters can be found in the following table XX.
Overall, baseline (legacy TDD), dynamic TDD and subband full duplex need to be calibrated.
Table 4-3: Simulation assumptions for geometry calibration.
	Scheme
	Clarification

	Baseline: Legacy TDD
	The DL: UL ratio for the allocated slot is fixed and the same DL: UL ratio is used by all nodes in the network. The scheme is the baseline.

	Dynamic TDD

	It is assumed that the direction of neighbor gNB transmission can be changed dynamically between DL and UL, we can randomize the DL and UL pattern for neighbor gNB in the calibration.

	Subband duplex
	The method of subband duplex in the calibration is assumed that all gNBs have the same DL-UL frequency&time domain pattern.



Considering both dynamic TDD and subband duplex need to be evaluated, we suggest that the calibration scenario be urban macro, indoor hotspot and dense urban, and the scenario of Macro and Indoor hotspot is optional.
Cross link interference
CLI means the interference between different transmission directions, such like downlink to uplink interference or uplink to downlink interference, and both intra-subband interference and inter-subband interference as discussed in section 3.1. All these different interferences may need to be considered in the calibration depending on the detailed scenarios. For dynamic TDD, only intra-subband interference need to be considered, and for sub-band duplex, only inter-subband interference need to be considered based on the calibration assumption. 
The ACIR for FR1 can be referred to TR38.828, which can be obtained from TR38.101 and TR38.104. Basic assumption of self-interference for calibration is 90dB or 130dB corresponding to different gNB self-interference cancellation capabilities.
	Parameter
	Assumption/Value

	ACIR BS-BS
	43 dB

	ACIR BS-UE
	33 dB

	ACIR UE-BS
	30 dB

	ACIR UE-UE
	28 dB



Proposal 13: For Subband full duplex and dynamic TDD simulation,
· Perform geometry calibration for subband full duplex at least for Urban macro, Indoor hotspot, Dense urban and urban macro + indoor hotspot (optional).
· Perform geometry calibration for dynamic TDD at least for Dense urban and urban macro + indoor hotspot.
· Consider the ACLR/ACIR model defined in TR38.828 for geometry calibration.
· Consider two different self-interference capabilities for gNB, i.e., 90dB and 130dB.

Other simulation assumptions.
The detailed other simulation assumptions are summarized in the table 7-1 in Appendix. Note that the parameters are summarized for geometry calibration, they may not be the same as the parameters for performance simulation.
[bookmark: _GoBack]Proposal 14: Consider the simulation parameters in table 7-1 in Appendix for geometry calibration.

Conclusion
General considerations
Proposal 1: Perform thorough analysis and study for sub-band non-overlapping duplex in Rel-18 to lay the foundation for future duplex study for both 5G and 6G.
Proposal 2: Perform thorough analysis and study for dynamic/flexible TDD with the same priority as sub-band non-overlapping duplex.
Proposal 3: Rel-18 duplex evolution considers the following 6 challenges of legacy TDD system and evaluate the potential gain of subband full duplex.
· Challenge ①: Ensuring UL throughput + UL coverage simultaneously.
· Challenge ②: Ensuring UL throughput + DL&UL Latency simultaneously.
· Challenge ③: Ensuring UL coverage + DL&UL Latency simultaneously.
· Challenge ④: Ensuring DL throughput + DL&UL Latency simultaneously.
· Challenge ⑤: Ensuring DL throughput + UL throughput simultaneously.
· Challenge ⑥: Ensuring DL throughput + UL coverage simultaneously.

Proposal 4: RAN1 studies at least the following scenarios in Rel-18 duplex SI
· For subband full duplex: urban macro, dense urban indoor hotspot and urban macro + indoor hotspot (optional).
· For dynamic/flexible TDD: dense urban, and urban macro + indoor hotspot

Proposal 5: RAN1 studies the following potential deployment for dynamic TDD and subband full duplex.
· Deployment#1 (1st priority): Dynamic TDD, all the gNBs are legacy TDD gNB in the same channel with two different TDD slot formats. 
· Deployment#2 (1st priority): Subband full duplex, all the gNBs are subband full duplex gNB in the same channel with the same time/frequency pattern without any co-existence co-channel or adjacent channel interference. 
· Deployment#3 (1st priority): Subband full duplex, all the gNBs in channel#1 are subband full duplex gNB with the same time/frequency pattern. There are also other legacy TDD gNBs in adjacent channel#2. 
· Deployment#4 (1st priority): Subband full duplex, some gNBs in channel#1 are subband full duplex gNB with the same time/frequency pattern. There are also other legacy TDD gNBs in channel#1.
· Deployment#5 (2nd priority): Subband full duplex, gNBs in channel#1 are subband full duplex gNB with the different time/frequency patterns. 
· Deployment#6 (2nd priority): Isolated case. There is only one single subband full duplex gNB without any interference from other co-channel or adjacent channel gNBs. 

Proposal 6: To progress RAN1 study on duplex smoothly,
· RAN1 starts identifying information that requires RAN4 input and sends LS to RAN4 as soon as possible.
· RAN1 firstly calibrates geometry based on some simplified interference model defined by RAN1 and secondly calibrates geometry based on RAN4’s input once it is available.

Interference model
Proposal 7: Align understanding on the following terminologies.
· Co-channel interference: The interference is from carrier#1 to carrier#2, where the centre frequency of carrier#1 from aggressor and carrier#2 from victim is the same. 
· Adjacent channel interference: The interference is from carrier#1 to carrier#2, where the centre frequency of carrier#1 from aggressor and carrier#2 from victim is different.
· Subband: A subband is a number of continuous RBs within a BWP, including DL subband and UL subband. 
· Intra-subband interference: The interference is from subband#1 to subband#2, where frequency range of subband#1 from aggressor and subband#2 from victim is the same.
· Inter-subband interference: The interference is from subband#1 to subband#2, where frequency range of subband#1 from aggressor and subband#2 from victim is different.
· Co-channel intra-subband interference: The interference is from subband#1 of carrier#1 to subband#2 of carrier#2, where frequency range of subband#1 from aggressor and subband#2 from victim is the same and the centre frequency of carrier#1 and carrier#2 is the same.
· Co-channel inter-subband interference: The interference is from subband#1 of carrier#1 to subband#2 of carrier#2, where frequency range of subband#1 from aggressor and subband#2 from victim is different and the centre frequency of carrier#1 and carrier#2 is the same.

Proposal 8: Consider the following 9 interferences in RAN1 simulation. Among them, gNB self-interference (I1), gNB-gNB co-channel inter-subband interference (I3) and UE-UE co-channel inter-subband interference (I6) need RAN4 input.
· gNB self-interference (I1): RAN4 input is needed.
· gNB-gNB co-channel intra-subband interference (I2)
· gNB-gNB co-channel inter-subband interference (I3): RAN4 input is needed.
· gNB-gNB adjacent interference (I4)
· UE-UE co-channel intra-subband interference (I5)
· UE-UE co-channel inter-subband interference (I6): RAN4 input is needed.
· UE-UE adjacent-channel interference (I7)
· gNB-UE co-channel intra-subband interference (DL) (I8)
· UE-gNB co-chanel intra-subband interference (UL) (I10)

Proposal 9: Use the following interference model for subband full duplex simulation.
· gNB self-interference per RB. Basic assumption for RAN1 simulation calibration: 90dB and 130dB.


· gNB-gNB co-channel intra-subband interference per RB of this intra-subband per aggressor gNB


· gNB-gNB co-channel inter-subband interference per RB per inter-subband per aggressor gNB


· gNB-gNB adjacent interference per RB per aggressor gNB


· UE-UE co-channel intra-subband interference per RB of this intra-subband per aggressor UE


· UE-UE co-channel inter-subband interference per RB per inter-subband per aggressor UE


· UE-UE adjacent interference per RB per aggressor UE


· gNB-UE co-channel intra-subband interference (DL) per RB of this intra-subband per aggressor gNB


· UE-gNB co-chanel intra-subband interference (UL) per RB of this intra-subband per aggressor UE



Simulation
Proposal 10: For system level simulation for subband full duplex and dynamic TDD,
· DL and UL need to be simulated simultaneously in the same system
· Performance metrics: Cell capacity (i.e., average number of supported users per cell)
· Traffic model: XR or FTP3

Proposal 11: For Subband full duplex and dynamic TDD simulation,
· RAN1 considers channel model with both large scale (e.g., path loss and penetration loss) and small scale (e.g., fast fading) for co-channel gNB-gNB channel model.
· RAN1 considers channel model with large scale (e.g., path loss and penetration loss) for adjacent channel gNB-gNB channel model.
· RAN1 considers channel model with large scale (e.g., path loss and penetration loss) for UE-UE co-channel and adjacent channel model.

Proposal 12: Regarding channel model for simulation of subband duplex and dynamic TDD 
· gNB-gNB channel model: reusing the 38.901 channel model by replacing the UE’s antenna height with victim gNB’s antenna height;
· UE-UE channel model: reusing the 38.901 channel model by replacing the gNB’s antenna height with aggressor UE’s antenna height;
· FFS LOS probability

Proposal 13: For Subband full duplex and dynamic TDD simulation,
· Perform geometry calibration for subband full duplex at least for Urban macro, Indoor hotspot, Dense urban and urban macro + indoor hotspot (optional).
· Perform geometry calibration for dynamic TDD at least for Dense urban and urban macro + indoor hotspot.
· Consider the ACLR/ACIR model defined in TR38.828 for geometry calibration.
· Consider two different self-interference capabilities for gNB, i.e., 90dB and 130dB.

Proposal 14: Consider the simulation parameters in table 7-1 in Appendix for geometry calibration.


Reference
[1]  RP-220633, Revised SID: Study on evolution of NR duplex operation, CMCC, RAN#95-e meeting.

Appendix
Detailed simulation parameters for geometry calibration
Table.7-1: Simulation parameters
	Parameters
	Value

	Scenario
	Urban Macro
	Indoor Hotspot
	Dense Urban

	Layout
	Single layer - Macro layer: Hex. Grid
7 sites, 21cells
	Factory hall size 120x50 m
	Macro layer:  Hex. Grid
Micro layer: Number of micro BSs per macro cell: 3; All micro BSs are all outdoor
As a layout of macro cell, 7 macro sites, 3 sectors per site model with wrap around

	Inter-BS distance
	500m
	20m
	200m

	Carrier frequency
	4GHz

	Simulation bandwidth
	100 MHz

	BS Tx power
	33dBm/MHz based on TR 38.830
	24 dBm per 20 MHz for 4GHz
	33dBm per 20 MHz based on TR 38.802

	UE Tx power
	23dBm

	TxRU mapping
	Per panel, reuse models in TR 36.897.
Option 1: a single TXRU is mapped per panel per polarization.

	BS antenna configuration
	64 Tx/64 Rx antenna ports
(M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 1, 1; 1, 1) ;
(dH, dV) = (0.5, 0.8)λ
	4 Tx/4 Rx antenna ports
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 1) ;
(dH, dV) = (0.5, 0.5)λ
	64 Tx/64 Rx antenna ports
(M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 1, 1; 1, 1) ;
(dH, dV) = (0.5, 0.8)λ

	BS antenna height
	25m
	3m
	Macro cells: 25m
Micro cells: 10m

	BS receiver noise figure
	5dB for 4GHz

	UE antenna configuration
	For 4GHz:
2 Tx/4 Rx antenna ports
Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) for 4 Rx;
(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1) for 2 Tx;

	UE receiver noise figure
	9 dB for 4GHz

	UE power control
	P0 = -80, alpha =0.8
	P0= -60; alpha = 0.6
	P0 = -80, alpha =0.8

	Minimum BS-UE (2D) distance
	Macro-to-UE: 35m [TR36.897]
	0m
	Macro-to-UE: 35m
Micro-to-UE: 10m

	Minimum UE-UE (2D) distance
	3m (TR36.843)
	1m (TR38.828)
	3m (TR36.843)
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