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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the discussion of RAN R18 workshop, duplex is identified as one of the potential topic in Release 18 for further email discussion [1]. Two potential discussions direction were identified, i.e. deployment scenarios, including duplex mode and the interference management. During the workshop discussion, many companies proposed to study duplex evolution including dynamic/flexible TDD, subband non-overlapping full duplex and subband/full overlapping full duplex in various deployment scenarios including Macro cell, small cell deployment and their combinations for indoor and outdoor deployment (HetNet). Both FR1 and FR2 are proposed to be studied. During the Rel-18 preparation email discussion for RAN#93e, scope of the duplex evolution is discussed. In this paper our views on the outcome of the email discussion are presented.
2 Outcome of Rel-18 email discussion for duplex evolution
As the outcome of the Rel-18 preparation email discussion for RAN#93e, moderator’s summary is listed below:
	The moderator would like to thank all for active participation and constructive discussion. Below is the final summary that can be used as the basis for
1. Rel-18 work plan: 
[Non-controversial] Study should be performed first. 
[Controversial] Planning of potential follow-up normative work. Continue discussion.
2. Duplex mode: 
[Non-controversial] TDD is included in the scope. 
[Controversial] Whether FDD will be included in the scope. Continue discussion.
3. Duplex enhancement at gNB only?: 
[Non-controversial] Duplex enhancement at gNB is included in the scope. 
[Controversial] Whether duplex enhancement at UE will be included in the scope. Continue discussion.
4. [Controversial] Duplex enhancement approaches:
a) Continue discussion whether all of the three identified full duplex schemes (subband non-overlapping, subband overlapping, full overlapping) or a subset of them should be studied.
b) Continue discussion about the need for CLI enhancement on dynamic/flexible TDD.
5. [Non-controversial] Interference management: Organize the study as follows.
a) Study inter-gNB and inter-UE CLI and identify solutions to manage them [RAN1]
b) Study RF requirements considering the self-interference and the inter-operator CLI at gNB [RAN4]
c) Study co-channel and adjacent-channel co-existence with the legacy operation [RAN1/4]. Continue discussion how to organize interaction between RAN1 and RAN4.
6. [Controversial] Deployment scenarios: Continue discussion aiming to narrow down the deployment scenarios to be considered.
7. [Controversial] Frequency range: There was not much discussion on which frequency ranges have to be considered. Continue discussion on the frequency range to be considered.



3 Discussion on deployment scenarios and interference management
It is important to identify and agree on deployment scenarios first before further discussion on interference management solutions. As proposed by companies in the email discussion and summarized by the moderator, dynamic/flexible TDD, subband non-overlapping full duplex and subband/full overlapping full duplex are the main duplex enhancement scenarios. Here we would like to share our views on the flexible/dynamic TDD as an important area for duplex evolution. 

With the global commercial deployment of 5G, diverse services and applications are becoming prevalent targeting both eMBB (To C) and industry (To B) use cases. Meanwhile, there is an increasing demand for higher uplink data rate and capacity which has not been well addressed. According to [2], it is expected that the uplink traffic requirement will increase 10-20 times by 2025. Some of the typical uplink applications are provided in Figure 1 and Figure 2 below [2, 3].

As an example shown in Figure 2, in a 5000 m2 factory, 8 assembly lines are deployed and in each assembly line 16 cameras are used for different purposes, including quality check, package check, etc. The high definition cameras upload the video traffic to a cloud server for processing. Each machine vision camera requires about 80 Mbps uplink data rate. Assuming that about 60% cameras are with data in the buffer (i.e. ~76 UEs are ready to be scheduled), about 6 Gbps uplink throughput is required in this area. The cameras are required to have wireless connectivity for easy and low-cost movement and assembly line rearrangement. Using C band (3.5 GHz) spectrum with about 100 MHz bandwidth, only about 600 Mbps can be provided with 16 TRPs and typical UL/DL assignment DDDSU. Clearly, there is a huge gap to fulfil the target uplink throughput requirement.

To solve the uplink data rate and capacity requirements in factories, the most straight forward way is to have UL-dominant TDD configurations in the factory to provide more time-domain resources for uplink. Operators are considering to serve the factory uplink application by using different TDD UL/DL configuration for the factory deployment compared with that for the Macro deployment. The isolation between the small cells in a factory and the Macro base station makes the deployment possible with some reasonable enhancements, which makes dynamic/flexible TDD quite relevant in near term.
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Figure 1: uplink centric broadband communication use cases for To C and To B applications.
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Figure 2: machine vision use case for a digital factory in Guangdong province China

As mentioned above, dynamic/flexible TDD is one of the solution to accommodate more uplink traffic. However it is highly-likely that a Macro base station with DL-dominant TDD configuration is deployed outside the factory. Then the TDD configuration is different between the Macro base stations and the factory small cells. There is cross link interference from the Macro base station to the small cells. As long as the uplink signal in factory small cells can combat the cross link interference from the Macro base station, this system can provide significant uplink capacity. According to initial link budget analysis (in Table 1 and Table 2), it can be observed that the Macro cross link interference is comparable with the uplink signal in factory small cells. Such cross link interference can be eliminated by IRC or SIC receiver [4]. We therefore consider that, with some necessary enhancements, dynamic/flexible TDD application is feasible in such a scenario.
Table 1: initial cross link interference link budget from Macro to small cells
	Distance(macro BS to small cell)
	50m
	100m
	200m

	Macro TX power（dBm）
	53
	53
	53

	BS TX antenna array gain (dB)
	20
	20
	20

	Penetration & shadow fading (dB)
	35.5
	35.5
	35.5

	Path loss outdoor （dB）
	81.1
	86.8
	93.0

	Path loss indoor （dB）
	2.5
	2.5
	2.5

	Received interference（dBm）
	-49.1
	-54.8
	-61.0

	Noise power (dBm) with 7dB noise figure
	-87
	-87
	-87

	Interference to noise ratio（dB）
	40.9
	35.2
	29.0



Table 2: initial link budget for UE to BS uplink signal of the small cells
	Indoor UE-BS link budget
	UE to BS uplink link budget

	Distance (UE-to small cell)
	12m
	8m
	3m

	UE TX power（dBm）
	23
	23
	23

	UE TX antenna array gain (dB)
	0
	0
	0

	Penetration & shadow fading  (dB)
	0
	0
	0

	Path loss （dB）
	-70
	-60
	-50

	Received UL signal strength（dBm）
	-47
	-37
	-27

	Noise power (dBm) with 7dB noise figure
	-87
	-87
	-87

	UL to noise ratio (SNR)（dB）
	40
	50
	60



In NR study [5], a number of cross link interference handling technologies were proposed and studied, including advanced receiver, scheduling coordination, beam coordination, link adaptation and power control etc. Due to the limited time in R15 and R16, no other BS-BS cross link interference handling technologies were standardized except that intended TDD configuration can be exchanged between BSs. The solutions available up to Rel-17 does not seem adequate to enable dynamic/flexible TDD for factory applications. There is similar observation from NGMN, and an LS is sent to 3GPP requesting additional solutions [6].

Observation 1: Dynamic/flexible TDD, as one of the duplex enhancement areas, addresses near-term commercial interests for large UL capacity demands

Observation 2: Inter-gNB CLI handling in Rel-15/16/17 for dynamic/flexible TDD is not standardized except intended TDD configure signaling between gNBs. The available solution is not sufficient to enable efficient dynamic/flexible TDD for factory applications.

As another aspect, for subband non-overlapping full duplex, the subband none-overlapping full duplex BS has the problem of coexistence with legacy BSs and its benefits on coverage and UL capacity in a Macro network also rely on the co-channel CLI handling (blocking interference could be a serious problem in a Macro network for subband full duplex). The initial CLI link budget analysis is provided in Table 3. And it can be seen that even all Macro base stations are using the same RBs for UL subband, UL subband receiving blocking may still occur and this interference is viewed as co-channel interference. The potential blocking issue is due to that the current Macro base station is using a wide band level analogue filter before its LNA. The signal received from the antenna firstly passes the filter. Since the filter is wideband filter e.g. 100 MHz or 200 MHz depending on the base station design, the downlink signal will also pass the filter and be amplified by the LNA. If the received downlink interference signal is too strong, the LNA will be saturated which means the blocking of the receiver occurs. The typical blocking level of the current base station is about -40 dBm. In Table 3, it shows that the linear interference could be as high as -20.4 dBm which is well above the typical blocking signal strength level. The linear blocking interference signal can be viewed as the co-channel interference within the RX filter bandwidth.
Table 3: initial link budget for Macro BS to BS cross link interference
	Parameters 
(fc=3.5GHz, BW=100Hz)
	Linear interference
 (Worst case) (blocking)
	Unit

	Macro TX power
	53.0 
	dBm

	ACLR
	0.0 
	dB

	TX Ant Gain
	10.0
	dB

	RX Ant Gain
	10.0
	dB

	Path loss
	-93.4 
	dB/300m

	RX Interference
	-20.4 (of one cell CLI)
	dBm



Hence the co-channel CLI should be addressed. The dynamic/flexible TDD and the subband full duplex both need the same CLI management toolbox to work well. Subband/full overlapping full duplex is the extreme target for duplex evolution, and CLI is expected to be critical for subband/full overlapping full duplex as well.
Observation 3: Linear-gNB CLI could result in blocking of the UL subband receiving in a Macro networking operating subband non-overlapping full duplex or subband/full overlapping full duplex, if such CLI is not properly handled.
Observation 4: Inter-gNB CLI handling, which is needed for dynamic/flexible TDD, is also needed by subband non-overlapping full duplex and subband/full overlapping full duplex. 

Proposal 1: Dynamic/flexible TDD, as one of the duplex enhancement areas, should be included in Rel-18 to address the near-term commercial interests for large UL capacity demand.
Proposal 2: Co-channel cross link interference should be included in the scope of duplex evolution in Rel-18.

From frequency range perspective, lower frequency (i.e. FR1) provides robust link quality due to its lower path loss compared to FR2, and hence provides better coverage. FR1 also has relatively large bandwidth on C-Band and 6 GHz etc. to provide large capacity. FR1 should therefore be included in the duplex evolution study in R18.

For FR2, there is substantial bandwidth to potentially provide even higher capacity. One of the use case is to provide large uplink capacity by using large bandwidth. One of the characteristics of FR2 is that it provides large number of narrow analogue beams, and this will potentially reduce the cross link interference if different FR2 base stations are operating with different TDD configurations. Such characteristics could potentially provide the possibility of providing different services in different areas using different TDD configurations, i.e. some areas are with DL-dominant traffic (wide area) and some areas are with UL-dominant traffic (stadium, etc.). In the future even large number of antenna elements could be implemented in a FR2 antenna panel e.g. 4096 antenna elements. And the large number of antenna elements provides even narrower beam and larger number beams which in turn increase the possibility of different TDD configuration operation on different Macro FR2 base stations. In our simulation in [4], it shows that without any coordination, the base station with UL dominant TDD configuration can provide about 2 times of UL capacity when the number of UL slot is increased from 1 to 3, though the two additional UL slots are interfered by other Macro base stations.

Proposal 3: Both FR1 and FR2 should be included in the study of the duplex evolution in Rel-18 for Dynamic/flexible TDD.
4 Conclusions
In this paper we discussed the deployment scenarios of different duplex scenarios and the corresponding frequency ranges. We have the below observations and proposals:

Observation 1: Dynamic/flexible TDD, as one of the duplex enhancement areas, addresses near-term commercial interests for large UL capacity demands.
Observation 2: Inter-gNB CLI handling in Rel-15/16/17 for dynamic/flexible TDD is not standardized except intended TDD configure signaling between gNBs. The available solution is not sufficient to enable efficient dynamic/flexible TDD for factory applications.
Observation 3: Linear-gNB CLI could result in blocking of the UL subband receiving in a Macro networking operating subband non-overlapping full duplex or subband/full overlapping full duplex, if such CLI is not properly handled.
Observation 4: Inter-gNB CLI handling, which is needed for dynamic/flexible TDD, is also needed by subband non-overlapping full duplex and subband/full overlapping full duplex.

Proposal 1: Dynamic/flexible TDD, as one of the duplex enhancement areas, should be included in Rel-18 to address the near-term commercial interests for large UL capacity demand.
Proposal 2: Co-channel cross link interference should be included in the scope of duplex evolution in Rel-18.
Proposal 3: Both FR1 and FR2 should be included in the study of the duplex evolution in Rel-18 for Dynamic/flexible TDD.
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