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1	Introduction
The Rel-18 study item on evolution of NR duplex operation contains the following list of objectives, and those RAN1 objectives related to dynamic/flexible TDD are highlighted in yellow.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. 


The 1st and 2nd highlighted objectives direct RAN1 to study potential and identify potential enhancement schemes. In our view, the basic mechanics of dynamic TDD (dTDD) are already specified – albeit probably not tested – since most, if not all deployments of TDD to date have been based on static TDD (sTDD). Based on this, it is not clear that enhancements to the basic mechanics of dynamic/flexible TDD are warranted. One area, however, that has been discussed for potential enhancement, beyond basic mechanics, is potential solutions for handling inter-gNB and inter-UE cross link interference (CLI). The 3rd objective in the SID is to study such CLI handling schemes.
To this end, multiple agreements have been made during the study item related to inter-gNB and inter-UE CLI handling, respectively. The agreements include studying time/frequency domain approaches (scheduling), power domain, spatial domain, etc. We note that the CLI handling schemes listed in these agreements have been studied before (e.g., see  [1], [2]), and based on the Note at the bottom of the SID (see cyan highlight) repeated discussion should be avoided. 
2	Discussion

Figure 1 illustrates both gNB-gNB and UE-UE co-channel CLI for a dynamc TDD (dTDD) system consistent with the above agreements. CLI is present when two gNBs schedule transmissions in opposite directions at the same time; no CLI is present if both gNBs schedule transmission in the same direction at the same time (both DL or both UL), which is always the case in a sTDD system with coordinated TDD patterns. Note that gNB2 can be a gNB at another site, or a gNB in another sector in the same site. In this example, gNB2 transmits DL to UE2, while gNB1 receives UL from UE1. Hence gNB1 is the victim of gNB-gNB CLI and UE2 is the victim of UE-UE CLI. It is important to realize that whether or not CLI dominates over other sources of interference depends on a large number of factors, e.g., traffic load, DL/UL traffic split, inter-gNB distance, inter-UE distance, etc.
 [image: ]
[bookmark: _Ref110863697]Figure 1: Illustration of CLI for dTDD in a single operator network. Co-channel CLI can occur when the two gNBs schedule transmissions in opposite directions at the same time.
In the agreements that have been made so far in the SI, the proposed CLI mitigation mechanisms for study are based on some form of coordination between nodes, e.g., coordinated scheduling and/or coordinated beam forming. These, along with other co-ordination approaches can be generally classified as CLI avoidance mechanisms. As has been discussed in previous studies, such coordination is often not practical, especially between nodes of different operators. For example, consider a two-operator scenario in which one operator wishes to deploy dTDD and legacy operator remains as sTDD. It is certainly not reasonable to require the legacy operator to avoid CLI for the benefit of the dTDD operator.
Even for nodes within the same operator, the time scale of any coordination needs to be fast, on the order of scheduling decisions which follow the traffic packet arrival statistics. Without such fast coordination, which may not be practical in the first place, the performance potential of such CLI handling mechanisms is likely to be modest at best. Moreover, since the mechanisms attempt to avoid CLI, there is an implicit cost in reduced scheduling opportunities, e.g., in the temporal and/or spatial domains. This cost needs to be balanced against potential benefits.
One simple approach for coordination that already exists without introducing any enhancements is coordination of TDD UL/DL patterns between nodes. In conventional sTDD systems, the pattern is fixed across all nodes of the same and different operators, in which case CLI does not occur at all. Typically, this level of coordination is required by regulation. On the other extreme is fully dynamic TDD (or in other words, “pure” dTDD) where there is no coordination between nodes at all. All slots are configured as flexible ('F'), and depending on the traffic packet arrivals in DL or UL, a slot can be used for either DL or UL transmission dynamically.
In our view, it is worthwhile to consider something in between these two extremes, and we refer to such a middle-ground solution as "protected" dynamic TDD (p-dTDD). With this CLI-mitigation scheme, one or more slots in the TDD UL/DL pattern are reserved as 'U' such that all nodes agree that only UL can be transmitted in these slot(s). These UL slot(s) are considered as "protected", since gNB-gNB CLI will not occur. Such protection is highly beneficial since it ensures that at least important UL control traffic can be received reliably (e.g., HARQ-ACK for DL). This is vital, since we have found that typically gNB-gNB CLI dominates over UE-UE CLI thus motivating provision of a protected UL slot. One can consider such a scheme as hybrid sTDD/dTDD operation. This level of coordination between nodes is very modest and could be practical both within and between operators. 
Figure 2 illustrates the 3 different systems discussed above. From left-to right, sTDD is shown first in which case all nodes use a fixed D-D-D-D-U pattern. dTDD is shown next in which all slots are configured as flexible F-F-F-F-F, and any slot can be used by any node at any time for either DL or UL. Protected dTDD (p-dTDD) is shown last in which case the first four slots are configured as flexible and one slot is reserved for UL-only F-F-F-F-U.
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[bookmark: _Ref110868073]Figure 2: Three different system operation modes with associated TDD UL/DL pattern.

In this contribution, we provide system level performance results of the 3 different operation modes shown in Figure 2 in a single-operator urban macro network with 3 sectors per site. The updated results take into account the latest agreements on system level evaluation assumptions (see Appendix). Figure 3 and Figure 4 show the mean and 5th percentile user throughput (UTP), respectively, at 3 different system load levels: low, medium, and high. These load levels are defined referring to baseline sTDD resource utilization, i.e. below 10% for low load, between 25% and 35% for medium load, and above 55% for high load. 
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[bookmark: _Ref110869522]Figure 3: Performance of dTDD and protected dTDD compared to sTDD in terms of mean user throughput for (a) UL, and (b) DL, at low, medium, and high loads.
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[bookmark: _Ref110869524]Figure 4: Performance of dTDD and protected-dTDD compared to sTDD in terms of 5th percentile user throughput for (a) UL, and (b) DL at low, medium, and high loads.

From the above user-throughput results, we observe the following:
· Uplink (see Figure 3(a) and Figure 4(a))
· Dynamic TDD (dTDD)
· At low load, dTDD offers 70% gain for mean UL UTP compared to sTDD and shows a small loss compared to sTDD for 5th percentile UTP.
· The large gain for mean UL UTP is due to the provision of more UL opportunities compared to sTDD for which UL is allowed in only one out of every 5 slots.
· For the 5th percentile users, the gain from dTDD diminishes, indicating these uses suffer from strong gNB-gNB CLI.
· At medium and high load, the performance of dTDD collapses, i.e., the UL UTP is at or near zero, clearly much worse than sTDD
· The reason for the collapsing performance is due to uncontrolled gNB-gNB CLI which occurs with higher probability as the load increases. Hence, one should be very careful about enabling dTDD since the load can change dynamically and cause the system to collapse.
· Protected dynamic TDD (p-dTDD)
· At low load, p-dTDD offers significant gain in UL UTP. The gain is almost 100% for both mean UL UTP and 5th percentile UL UTP. Compared to dTDD, the gain in 5th percentile UL UTP mainly comes from the scheduling in the protected UL slot which doesn’t suffer from gNB-gNB CLI.
· At medium and high load, p-dTDD avoids the performance collapse suffered by dTDD, again, thanks to the protected UL slot. In fact, the performance is on par or even slightly better than sTDD where there is zero CLI inherently.
· Downlink (see Figure 3(b) and Figure 4(b))
· At all load levels, one can see that both the mean and 5th percentile DL UTP of p-dTDD is on par with sTDD (as expected for the equivalent amount of DL transmission opportunities), i.e., no degradation is observed due to UE-UE CLI. On the other hand, for low/medium load, dTDD offers modest gains in mean DL UTP compared to sTDD and p-dTDD (on the order of 20%), due to the availability of an additional slot for DL transmission opportunities. These gains, however, only exist until the UL collapses due to gNB-gNB CLI. For high load (and medium load in the case of 5th percentile UTP), when traffic cannot be served in the UL, traffic cannot be served in the DL either, since the DL relies on HARQ-ACK feedback in the UL. Again p-dTDD avoids this collapse in UL, which then also protects the DL allowing both links to operate at all load levels.
The above results illustrate the benefit of p-dTDD as a very simple coordination scheme where nodes coordinate on a semi-static basis to provide at least one protected UL slot. Fast exchange of coordination information to manage CLI is not required. The remaining slots can be used as with dTDD for DL or UL depending on the traffic arrival pattern. Provision of the protected UL slot enables "steering" of UL traffic to this CLI-free slot that otherwise can suffer from high CLI and thus low SINR. In this way, one can deploy p-dTDD without fear of load-dependent performance collapse due to gNB-gNB CLI as occurs in a dTDD system. This scheme can be considered under the umbrella of co-ordinated scheduling for time/frequency resources as agreed previously:
Agreement
Study the feasibility and potential benefits of coordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, the study at least includes:
· Details of coordinated scheduling for time/frequency resources 
· Relevant information exchange

[bookmark: _Toc131588382]Protected dTDD is a simple and robust scheme for mitigating the performance impact of CLI without requiring fast exchange of information between gNBs. The scheme is feasible for operation both within and between operators.
[bookmark: _Toc110936881][bookmark: _Toc110937066][bookmark: _Toc110937396][bookmark: _Toc110937457][bookmark: _Toc110940191][bookmark: _Toc110940428][bookmark: _Toc111211680][bookmark: _Toc115345332][bookmark: _Toc115356057][bookmark: _Toc118384082][bookmark: _Toc131588383]Capture the performance of protected dTDD in the TR as a beneficial CLI handling scheme under the umbrella of "co-ordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB co-channel CLI handling."

Conclusion
In this contribution we make the following observations: 
Observation 1	Protected dTDD is a simple and robust scheme for mitigating the performance impact of CLI without requiring fast exchange of information between gNBs. The scheme is feasible for operation both within and between operators.

In this contribution we make the following proposals:
Proposal 1	Capture the performance of protected dTDD in the TR as a beneficial CLI handling scheme under the umbrella of "co-ordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB co-channel CLI handling."
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	Parameters
	Scenario

	 
 
 
 
 
 
 
 
System parameters
	Scenario
	UMa, Hexagonal layout, 7 BS per operator, 3 sectors per site, with wrapping

	
	ISD
	500 m

	
	Carrier Frequency
	4 GHz

	
	Duplex Type
	Static TDD, Pure DTDD, Protected TDD

	
	Base Static TDD pattern
	80:20 DL:UL

	
	DTDD pattern
	Pure DTDD: completely flexible UL:DL
Protected DTDD: 80:20 DTDD slot:UL

	
	Channel bandwidth
	100 MHz for STDD, Pure DTDD and Protected DTDD

	
	Available resource blocks
	273 for STDD
273 for DTDD

	
	Sub-Carrier spacing
	30 kHz 

	
	Number of active UEs
	840 (7 sites * 3 sectors/site * 40 per site (20 UL + 20 DL))

	
	Channel model
	gNB-UE: UMa
gNB-gNB: 75% if 2D distance < ISD; otherwise according to gNB-UE LOS probability in TR 38.901.
UE-UE: UMi

	
	UE to BS min 2D distance
	35 m

	 
 
 
 
BS
 
	(Mg, Ng, M, N, P), where M, N indicate sub-array number
	(1,1,4,8,2) (same antenna gain)
(1,1,4,4,2) (same antenna area)

	
	Sub-array configuration
	3x1

	
	Max gNB Tx Power 
(per polarization)
	53 dBm


	
	(dv, dh)
	(0.7λ, 0.5λ)

	
	Antenna element gain
	6.4 dBi

	
	Antenna element and sub-array model
	R4-2109872, Table 1-2: Macro urban

	
	Subarray electrical downtilt
	3 deg

	
	Mechanical downtilt
	6 deg

	
	Beamforming method
	Frequency domain

	
	Noise figure
	5 dB

	
	Max modulation
	256 QAM

	
	BS height
	25 m

	 
 
 
 
UE
	UE antenna
	1TX 2RX

	
	Antenna model
	isotropic

	
	Antenna element gain
	0 dBi

	
	Max UE TX Power
	23 dBm

	
	UE open loop power control
	P0= -80 dBm, alpha = 0.8

	
	SNR target
	16 dB

	
	Noise figure
	9 dB

	
	Max modulation
	256 QAM

	
	UE distribution outdoor:indoor
	20% outdoor
80% indoor

	Traffic
	Traffic model
	FTP3, 0.5 Mbytes for DL and 0.125 Mbytes for UL

	
	Target Resource utilization
	<10%, 25-35%, 55%

	Intra-network isolation 
	Front to back ratio 
(sector<->sector)
	75 dB
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