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Introduction
At the RAN #75 meeting, the WI for New Radio Access Technology was approved [1]. The objectives of this WI related to duplexing are as follows:
-	Duplexing identified in Section 5.1 of TR38.802 supported by a PHY design common to paired and unpaired spectrum, including [RAN1, RAN2, RAN3]:
-	Enablers for interference management mechanisms for handling cross-link interference.
-	Note: down-selection on enablers for interference management mechanisms is to be discussed in RAN1
	Section 5.1 of TR38.802
NR supports paired and unpaired spectrum and strives to maximize commonality between the technical solutions, allowing FDD operation on a paired spectrum, different transmission directions in either part of a paired spectrum, TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changed, and TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing. DL and UL transmission directions at least for data can be dynamically assigned on a per-slot basis at least in a TDM manner. It is noted that transmission directions include all of downlink, uplink, sidelink, and backhaul link. NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation, i.e., the assigned DL/UL transmission direction can be signaled to UE by higher layer signaling.



In this paper, we provide our views on deployment scenario and the cross link interference mitigation schemes for duplexing flexibility.
Discussion on cross link interference mitigation scheme
Target secenario
[bookmark: _GoBack]TDD is a promising duplex way for better spectrum utilization especially for higher carrier frequencies such as 3.5GHz and 30GHz, since duplexer gap is not necessary. Duplexing flexibility in a TDM manner (dynamic TDD hereafter) is also promising for TDD deployment thanks to traffic adaptation. From the evaluations in the SI phase, RAN1 reached the general observations that dynamic TDD with (or without) cross-link interference mitigation schemes provide better UPT compared to static UL/DL resource partition (static TDD hereafter) in some scenarios [2]. In those evaluations, however, only intra-operator interference was taken into account as cross link interference (CLI). 
For handling of inter-operator interference, some options can be considered, e.g., putting guard band to the boundary of operator’s spectrum, limit deployment scenario for dynamic TDD to “well-planned” small cell deployment such as indoor hotspot where the inter-operator CLI is well controlled via e.g., transmission power control (TPC), etc. Basically, various solutions for handling inter-operator interference are not the RAN1 area. Considering the limited time while such solutions can be up to the operators, RAN1 can assume later approach; flexible duplexing is assumed to be operated in small cell deployments such as indoor hotspot.

Proposal 1: Focus on only small cell deployment such as indoor hotspot for flexible duplexing.

Interference mitigation schemes
Potential CLI mitigation mechanisms were captured in the table 10.1-1 of TR [2], e.g. advanced receiver, coordinated scheduling among gNB, sensing, etc. According to the WID description [1], RAN1 needs to discuss on down-selection on enablers for those mechanisms. Meanwhile, at the last RAN #75 meeting, it was approved that L1 and L2 design for Non-Standalone 5G-NR eMBB including the duplexing part should be completed by Dec. 2017 with commonality with Standalone case [3]. Considering the limited time schedule, generally RAN1 should prioritize essential features to work NR well as far as possible. Additional enhancements can be considered further after the essential mechanisms are well established.
From our evaluation contribution [4], we observed that dynamic TDD with only MMSE-IRC receiver has enough gain compared with static TDD in indoor hotspot scenario with low and medium load (Source 1 of Table 10.1-2 in TR [2]). This means that dynamic TDD works well without any inter-gNB/TRP coordination, and advanced receiver is the simplest approach for CLI mitigation at least in low and medium load. On the other hand, in high load, evaluation results in [2] showed that dynamic TDD does not have enough performance gain (or bring some performance loss). To address this issue, one simple/robust approach is to fall back to static/semi-static TDD. This fallback mechanism is already referred to as “hybrid dynamic/static UL/DL resource assignment” in TR. Based on above discussion, we propose to prioritize advanced receiver and hybrid dynamic/static UL/DL resource assignment as CLI mitigation mechanism for dynamic TDD. We note that some information should be exchanged between gNB(s) to enable those features, but how to exchange the information is still FFS since this has an impact on RAN2/RAN3 specifications. Of course, some evaluation results in [2] showed that other mechanisms, e.g. sensing, can improve the performance gain of dynamic TDD. However, those would be nice-to-have type feature and the specification is not argent. 

Observation 1: Considering limited time schedule, RAN1 should focus on essential features to work NR well.
Observation 2: In indoor hotspot scenario, dynamic TDD with only advanced receiver has enough gain compared with static TDD at least in low and medium load.
Observation 3: In high load case, evaluations showed that dynamic TDD does not have enough gain.
Proposal 2: Prioritize advanced receiver and hybrid dynamic/static UL/DL resource assignment as CLI mitigation mechanism.
· FFS: how to exchange required information among gNBs (e.g. X2 like backhaul, OTA, etc.)

As advanced receiver, MMSE-IRC, E-MMES-IRC and IC type receivers can be considered [2]. In terms of necessity of inter- gNB (or TRP in a site) information exchange and gNB-to-UE signalling, those receiver has some differences as follows.

	Receiver
	Transmission direction
	Inter gNB/TRP information exchange
	gNB-to-UE signaling
	Required assistance information

	MMSE-IRC
	UL
	Not needed
	Not needed
	-

	
	DL
	
	
	

	EMMSE-IRC
	UL
	Needed
	Not needed
	DMRS structure

	
	DL
	Needed
	Needed
	

	IC (e.g. packet IC, R-ML)
	UL
	Needed
	Not needed
	DMRS structure, Packet info. (e.g. modulation order, code rate, rank, RA, etc)

	
	DL
	Needed
	Needed
	



To minimize the specification impact, MMSE-IRC is only candidate for DL. For UL, not only MMSE-IRC but also E-MMSE-IRC or IC receiver may be candidate since specification impact is quite limited, i.e. only inter-gNB/TRP information exchange is needed. In our companion contribution [5], we compared the performance of MMSE-IRC, EMMSE-IRC and ideal IC receiver (as upper bound of IC type receiver). From the results, we can see that EMMSE-IRC has slightly better UPT gain specifically in UL 5%ile UPT, and IC receiver has potentially significant gain in both 5%ile and average UPT than MMSE-IRC. How to exchange the information among gNBs are FFS, but those receivers are worth considering to further improve the performance of dynamic TDD.

Proposal 3: MMSE-IRC should be baseline receiver for both DL and UL.
Proposal 4: In UL, EMMSE-IRC and IC type receiver can be further considered to mitigate cross link interference since the specification impact would be limited.

Summary
In this contribution, we presented our views on deployment scenario and the cross link interference mitigation schemes for duplexing flexibility. From the discussion, the following observations and proposals are made.

Observation 1: Considering limited time schedule, RAN1 should focus on essential features to work NR well.
Observation 2: In indoor hotspot scenario, dynamic TDD with only advanced receiver has enough gain compared with static TDD at least in low and medium load.
Observation 3: In high load case, evaluations showed that dynamic TDD does not have enough gain.

Proposal 1: Focus on only small cell deployment such as indoor hotspot for flexible duplexing.
Proposal 2: Prioritize advanced receiver and hybrid dynamic/static UL/DL resource assignment as CLI mitigation mechanism.
· FFS: how to exchange required information among gNBs (e.g. X2 like backhaul, OTA, etc.)
Proposal 3: MMSE-IRC should be baseline receiver for both DL and UL.
Proposal 4: In UL, EMMSE-IRC and IC type receiver can be further considered to mitigate cross link interference since the specification impact would be limited.
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