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Introduction
At the RAN #75 meeting, the WI on NR are approved, and the detailed objectives of this work item for NR duplex are the followings [1]:

	Agreements at RAN #75:
· 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



At RAN1#88bis, the following agreements were achieved for NR duplex[2]:
	Agreements at RAN1#88bis:
· For cross link interference mitigation, 
· Further consider UE-UE measurement and reporting, and TRP-TRP measurement
· Details FFS, including at least the RS for measurement, the metric for measurement (e.g., RSRP), long-term vs. short-term, etc., especially considering consistency with other NR topics
· Aim in RAN1#89 to come up with detailed option(s) including potential down-selecting from the list concluded from the SI
· Once the detailed option(s) is available, decide whether or to support this feature 
· For the case of TRP-TRP measurement, study whether or not there is additional RAN1 specification impact
· Further consider other aspects, e.g., power control, sensing, timing related handling, etc.

Agreements at RAN1#88bis:
· NR supports that at least the following information is provided among gNBs via backhaul signaling for the purpose of e.g., cross-link interference mitigation: 
· Indication of intended DL/UL transmission direction configuration
· FFS details


At RAN1#87, following agreements are achieved regarding to NR duplex[3]:
	Agreements at RAN1#87:
· NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner



In this paper, we provide our views on cross link interference mitigation for duplexing flexibility.
Discussion on cross link interference mitigation
Potential CLI mitigation mechanisms were captured in the table 10.1-1 of TR [4], e.g. advanced receiver, power control, 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 [5]. 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. In this section, we present our views on cross-link interference mitigation for flexible duplex.

Advanced receiver
It has been agreed that NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner. This implies that fully dynamic TDD is possible to be supported in NR. Advanced receiver is one promising way to support this new feature since it does not have any restrictions on the UL/DL transmission direction. In addition, evaluation results show that cross-link interference can be effectively suppresed at the receiver by advanced receiver algorithm. From our evaluation contribution [6], we observed that flexible duplex 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 [4]). In our contribution in RAN1#88bis [7], we further 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 better performance gain in both 5%ile and avergae UPT, and IC receiver has potentially significant gain in both 5%ile and average UPT than MMSE-IRC.
· Observation 1: 
· In indoor hotspot scenario, flexible duplex with only advanced receiver has enough gain compared with static TDD at least in low and medium load.
As advanced receiver, MMSE-IRC, E-MMES-IRC and IC type receivers can be considered [4]. In terms of necessity of inter-gNB (or TRP in a site) information exchange and gNB-to-UE signalling, these receivers have some differences as follows.
Table 1: Information exchange for different receivers
	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. For MMSE-IRC, in principle, it can be implemented without any specification impact. Of course, in order to further enhance the performance of MMSE-IRC, interference covariance estimation can be further optimized with limited specification impact, e.g., CLI measurement. For EMMSE-IRC, the only possible impact is that DMRS structure needs to be exchanged among gNBs for cross-link channel estimation. One simple method to exchange the DMRS structure information among gNBs is via backhaul. 
· Proposal 1:
· Considering significant performance gain and limited specification impact, at least advanced receiver should be supported for NR duplex.
· At least NR supports exchange of DMRS structure information among gNBs via backhaul signalling to support EMMSE-IRC.

Hybrid dynamic/static UL/DL resource assignment
[bookmark: _GoBack]Flexible duplex is not always beneficial to the system performance, e.g., when the traffic load is high, when small cells are densely deployed or when coexisting with LTE. From the evaluation results in [4], it can be observed that in high load, flexible duplex does not have enough performance gain (or bring some performance loss). This means that flexible duplex is not always needed. To address this issue, one simple/robust approach is to fall back to static/semi-static TDD. For example, when flexible duplex is not beneficial, the system fallbacks to static TDD in which cross-link interference can be avoided. This fallback mechanism is already referred to as “hybrid dynamic/static UL/DL resource assignment” in TR. Based on the above discussion, we believe “hybrid dynamic/static UL/DL resource assignment” is beneficial to avoid cross-link interference at certain scenario. In RAN1#88bis, semi-static assignment of UL/DL transmission direction based on higher layer signalling has been agreed and backhaul signalling for exchange of intended DL/UL transmission direction configuration has also been agreed. Regarding the further detail of semi-static TDD, it would be discussed in the A.I. of scheduling/HARQ.

· Proposal 2: 
· Hybrid dynamic/static UL/DL resource assignment should be assumed at least for the case when the traffic load is high.

Power control
As we evaluated in [7], achievable UPT with advanced receiver highly depends on receiver type and tighter network coordination is required for advanced receiver with higher UPT. Therefore, supplemental interference mitigation scheme is also considered. In Rel-12, RAN1 introduced UL power boosting mechanism to tackle with strong eNB-to-eNB interference. We believe UL power control provides supplemental UL UPT gain and this should be supported in Rel-15 if specified. If it is specified in the latter releases, increased UE-to-gNB interference caused by UL power boosting performed by Rel-16 or later UEs will impact on Rel-15 UEs regarding UL UPT. Then UL power boosting may require careful control to protect Rel-15 UEs and UL power boosting may not provide robust performance gain.

In Rel-14, the UL power boosting was realized by subframe-set specific power control to exploit fixed subframe and flexible subframe which is determined by TDD UL/DL configurations. However, in NR, most of the slots can be flexible for dynamic TDD operation. Therefore we have no choise but to apply dynamic power control switching. Neverthless the difference in the dynamism of power control, we consider such operation is possible in some deployment scenarios, e.g., centralized scheduler or dynamic information exchange of UL/DL direction among gNBs, etc.

For open-loop power control, parameter set, (e.g., alpha and P0 for fractional TPC) is dynamically switched by PDCCH. Here, PDCCH would be group-common PDCCH and/or UE-specific DCI. For closed loop PC, detailed mechanism needs further discussion because necessary range of TPC command and its robustness is not so clear.

· Proposal 3: 
· Dynamic UL power control based on PDCCH is additionally supported for gNB-to-gNB interference mitigation.
· For open-loop power control, parameter set (e.g., alpha and P0 for fractional TPC) is dynamically switched by PDCCH.
· FFS: Detailed mechanism of closed loop power control.
· FFS: Group-common PDCCH and/or UE-specific DCI.

Other schemes
In addition to the above interference mitigation mechanisms, other mechanisms have been also discussed at RAN1#88 meeting, e.g., sensing, timing alignment, etc. Although some evaluation results in [4] showed that these mechanisms, e.g. sensing, can improve the performance gain of flexible duplex. However, sensing on licensed band may be very different from that on licensed band and the sensing accuracy is not clear. Besides, the sensing threshold may be different depending on the band, region, etc. Furthermore, as discussed above, RAN1 should prioritize essential features to work NR well as far as possible. While we believe sensing or TA would be nice-to-have type feature and the specification is not urgent. 
· Proposal 4: 
· Other enhancement, like sensing, TA can be considered in later phase.

Discussion on cross-link interference measurement

TRP-to-TRP measurement
At RAN1#88bis meeting, it was agreed that for the case of TRP-to-TRP measurement, study whether or not there is additional RAN1 specification impact. In LTE eIMTA, TRP-to-TRP measurement was left to NW implementation. For NR, we think the same mechanism can be reused since we cannot and should not specify resulting gNB scheduler behaviour. Therefore, specified TRP-to-TRP measurement may not be so important.

· Proposal 5: 
· TRP-to-TRP measurement can be left to NW implementation.

UE-to-UE measurement
At last meeting, it was agreed to further consider UE-to-UE measurement for cross-link interference mitigation. From our point of view, the necessity of UE-to-UE measurement is not clear yet, since the main performance degradation in flexible duplex is on UL. For DL, performance degradation due to UE-to-UE interference is small.
This was shown in our previous evaluation results [8]. Therefore, we think UE-to-UE measurement can be deprioritized unless  necessary requirement is clarified.
· Proposal 6:
· UE-to-UE measurement can be deprioritized.

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

· Observation 1: 
· In indoor hotspot scenario, flexible duplex with only advanced receiver has enough gain compared with static TDD at least in low and medium load.
· Proposal 1:
· Considering significant performance gain and limited specification impact, at least advanced receiver should be supported for NR duplex.
· At least NR supports exchange of DMRS structure information among gNBs via backhaul signalling to support EMMSE-IRC.
· Proposal 2: 
· Hybrid dynamic/static UL/DL resource assignment should be assumed at least for the case when the traffic load is high.
· Proposal 3: 
· Dynamic UL power control based on PDCCH is additionally supported for gNB-to-gNB interference mitigation.
· For open-loop power control, parameter set (e.g., alpha and P0 for fractional TPC) is dynamically switched by PDCCH.
· FFS: Detailed mechanism of closed loop power control.
· FFS: Group-common PDCCH and/or UE-specific DCI.
· Proposal 4: 
· Other enhancement, like sensing, TA can be considered in later phase.
· Proposal 5: 
· TRP-to-TRP measurement can be left to NW implementation.
· Proposal 6:
· UE-to-UE measurement can be deprioritized.
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