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 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK16][bookmark: OLE_LINK15]The revised WID on NR CLI (Cross Link Interference) and RIM (Remote Interference Management) [1] was approved in RAN#82 plenary meeting. In CLI part, RAN1 aims to specify cross-link interference mitigation techniques to support flexible resource adaptation for unpaired NR cells. The detailed objectives for CLI in WID are as follows:
· Specify cross-link interference measurements and reporting at a UE (e.g., CLI-RSSI and/or CLI-RSRP) [RAN1, RAN2, RAN4] 
· Specify network coordination mechanism(s) including at least exchange of intended DL/UL configuration [RAN1, RAN3]
· Perform coexistence study to identify conditions of coexistence among different operators in adjacent channels [RAN4]
· Target no or very minimal impact on RF requirement
       Note: Measurement and coordination mechanisms should be applicable to IAB nodes. 
In Sept. 2017, 3GPP RAN #77 meeting decided to postpone the study of duplexing flexibility in order to ensure the smooth freezing of NR non-standalone (NSA) operation towards Dec. 2017. However, a lot of conclusions and agreements had already been reached in RAN1 during NR SI/WI phase before Sept. 2017. The conclusions/ agreements and evaluations of duplexing flexibility in SI phase was captured in TR 38.802-e20 [2]. The study of CLI WI needs to follow these conclusions /agreements in line with above WI objectives.
In this contribution, we will show our views for network coordination mechanisms for CLI mitigation.
 Discussion on CLI in duplexing flexibility
Duplexing flexibility (i.e. dynamic TDD) is a mechanism by which UL and DL usage is flexibly changed in time domain in unpaired spectrum or in UL/DL band in paired spectrum without overlapping. CLI-RIM WI only focus on CLI mitigation techniques in unpaired NR cells. It can be expected that the duplexing flexibility has the ability to provide the most efficient usage of time/frequency resources since it can match the dynamic traffic demand. However, the duplexing flexibility will also create severe co-existence issues between intra-operator and/or inter-operator cells due to strong cross-link interference and two types of CLI interference can be observed (i.e. UE-to-UE interference and gNB-to-gNB interference) as shown in Figure 1. 
Our views on UE-to-UE measurement and reporting please refer to companion contribution [4]. Note that gNB-to-gNB measurement is considered to be an implementation problem in RAN1#90.


         
(a) UE-to-UE interference                                                (b) gNB-to-gNB interference
Figure 1: Cross-link interference in duplexing flexibility
 Discussion on network coordination mechanism(s)
The candidate schemes for cross-link interference mitigation are summarized in TR 38.802-e20 [2], including advanced receiver, hybrid dynamic/static UL/DL resource assignment, scheduling/beam coordination, link adaptation, power control, sensing and so on. For almost all CLI mitigation schemes, CLI measurement is the basis prerequisite and the enabler. Thus, having a flexible and effective measurement mechanism should be considered to assist these CLI mitigation schemes for NR. The design of network coordination mechanism(s) should firstly focus on how to satisfy the CLI measurement requirements. Signaling for intended UL/DL transmission direction configuration could be also need for most CLI mitigation scheme. Except for above, RAN1 should try to minimize the impact on specification brought by network coordination mechanism(s), due to CLI & RIM WI only has two RAN1 meetings to discuss.
 Exchange/coordination of measurement configuration
The definitions of two candidate metrics for CLI measurement identified in RAN1#90 [3] are copied below, i.e. SRS-RSRP and RSSI based UE-UE CLI measurement. Besides, in our companion contribution [4] we suggest that both NZP-SRS and ZP-SRS can be used for interference measurement. NZP-SRS based and ZP-SRS based CLI measurement can refer to the existing conclusions/agreements on NZP-CSI-RS based and ZP-CSI-RS based measurement in NR Rel-15, so as to reduce the standardization complexity.
---------------------------------------------------------------------------------------------------------------------------------------------
· Definitions of metrics for CLI:
· SRS-RSRP:
· Linear average of the power contributions of the SRS to be measured over the configured resource elements within the considered measurement frequency bandwidth in the time resources in the configured measurement occasions
· RSSI:
· The linear average of the total received power observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over the configured resource elements for measurement by the UE
---------------------------------------------------------------------------------------------------------------------------------------------
For SRS and ZP-SRS based CLI measurement, the SRS senders and the SRS receivers are located in different cells. Therefore, adjacent gNBs should exchange/coordinate SRS configurations or measurement configurations and then configure them to their UEs before the UEs performing CLI measurement. 
SRS configurations or measurement configurations exchanging between gNBs may include: SRS ports / symbols / symbol offsets / comb, sequence identifications, cyclic shifts, group or sequence hopping, transmission or measurement periodicity, slot offset, power setting and measurement triggering, etc. In order to reduce the exchanged signaling overhead, some parameters can be fixed  to a constant value via standardization, e.g. port, SRS symbols and its position in a slot. 
Proposal 1: Network coordination mechanism should support exchange of SRS configurations or measurement configurations for CLI measurement.
 Exchange/coordination of TDD DL/UL configuration
We notice that most CLI mitigation schemes in TR 38.802-e20, e.g. scheduling/beam coordination, link adaptation, power control, and sensing, were remarked with potential specification impact i.e. signaling for UL/DL transmission direction configuration via backhaul. Thus we think network coordination mechanisms should also include exchange of  intended UL/DL transmission direction in addition to support measurement configurations exchange. Note that TDD DL/UL configuration exchange between LTE eNB and NR gNB via X2/Xn interface had already been supported in LTE-NR coexistence scenario. RAN1/3 can do some enhancements referring to this, if exchange of  intended UL/DL transmission direction is agreed in Rel-16.
In NR Rel-15, NR slot format is more flexible and can be (re-)configured through high layer parameter tdd-UL-DL-ConfigurationCommon (and tdd-UL-DL-ConfigurationCommon2), tdd-UL-DL-ConfigDedicated, or via group-common PDCCH, etc. Take high layer parameter  tdd-UL-DL-ConfigurationCommon as a example, the slot format (pattern1) in a configuration period can be include three parts: full DL slot(s), flexible part(DL symbols, flexible symbols, UL symbols), full UL slot(s). Only flexible symbols in a configuration period can be reconfigured to DL or UL symbols by tdd-UL-DL-ConfigDedicated, or group-common PDCCH . 
First, pattern1 and/or pattern2, configured by high layer parameter tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationCommon2 need to be exchanged among the gNBs. Based on this message, adjacent gNBs can configure the same number of full DL slots, full UL slots, DL symbols or UL symbols in flexible part. Or the gNBs /UEs can eliminate possible CLI caused by misalignment configurations of DL/UL slots/symbols by scheduling/beam coordination, link adaptation, or power adaptation. 
Secondly, intended UL/DL transmission direction or direction priorities for  flexible slots/symbols in flexible part (or for  pattern1/pattern2) should be exchanged among networks. 
For example, the message “DL DL DL UL UL ” for flexible slots/symbols transmission is transferred by the gNB1 to the gNB2. If the message is used to carry the information of transmission direction, it means gNB1 wants to schedule/send DL or UL data in this order. If the message is used to carry the information of direction priorities, it means gNB1 sets DL direction in the first three slots/symbols and UL direction in the last two slots/symbols to a high priority. On the contrary, UL direction in the first three slots/symbols and DL direction in the last two slots/symbols has a lower priority. If the device sends the DL data in the first three slots/symbols, it does not need to perform CLI mitigation since the direction DL has a  high priority in these slots/symbols. If the device sends the UL data in the first three slots/symbols, it needs to perform CLI mitigation (e.g. sensing) since the priority of direction UL in these slots/symbols is lower.  Based on sensing, if strong cross-link interference is detected, the device can stop or delay the data transmission, or even reconfigure/schedule these slots/symbols for another direction transmission.
Besides, the configurations e.g. pattern, period and offset of some important reference signals/channels such as SS/ PBCH block, PRACH also need to be exchanged among adjacent gNBs. The direction of the slots/symbols on which SS/PBCH or PRACH is transmitted should have a higher priority, so as to guarantee the performance of such important reference signals/channels.
Proposal 2: Network coordination mechanism should support exchange of intended UL/DL transmission directions or direction priorities, and the configurations of some import reference signals/channels such as SS/ PBCH block.
 Evaluation on network coordination mechanisms
Based on sensing based CLI mitigation scheme and network coordination mechanisms (via exchange of intended transmission direction priorities), we evaluate the performance of dynamic TDD with sensing/coordination, dynamic TDD without sensing/coordination, and static TDD. Table 1-3 give evaluation results of DL and UL performance for above different TDD cases in high load, medium load and low load.  Evaluation assumptions can refer to appendix in the contribution. 
Evaluations show that dynamic TDD with and without sensing/coordination scheme  provides better UPT compared to static TDD. Evaluations also show that dynamic TDD with sensing/coordination scheme provides better UPT compared to static TDD and dynamic TDD without sensing/coordination scheme.
Observation 1: Dynamic TDD with and without sensing/coordination scheme  provides better UPT compared to static TDD.
Observation 2: Dynamic TDD with sensing/coordination scheme provides better UPT compared to static TDD and dynamic TDD without sensing/coordination scheme.
Proposal 3: The CLI measurement, exchange of intended DL/UL transmission direction, and sensing scheme can be combined for CLI mitigation in dynamic TDD  .
Table1. DL and UL Performance for different TDD cases in high load
	TDD Cases
	Static TDD
	Dynamic TDD
	Dynamic TDD with sensing

	DL
UPT CDF
[Mbps]
	5%
	13.430
	8.806
	23.615

	
	50%
	44.318
	60.978
	74.204

	
	95%
	79.367
	113.135
	129.204

	
	Mean
	45.525
	59.525
	74.784

	
	Served / Offered(%)
	99.123
	98.596
	100.000

	
	RU (%)
	10.693
	14.723
	8.119

	UL
UPT CDF
[Mbps]
	5%
	1.605
	15.315
	36.352

	
	50%
	5.860
	53.333
	78.895

	
	95%
	19.331
	98.819
	134.771

	
	Mean
	7.376
	53.661
	81.947

	
	Served/Offered (%)
	87.543
	98.464
	100.000

	
	UL RU (%)
	26.722
	12.959
	9.788

	𝜆 (files/s)
	0.24



Table2. DL and UL Performance for different TDD cases in medium load
	TDD Cases
	Static TDD
	Dynamic TDD
	Dynamic TDD with sensing

	DL
UPT CDF
[Mbps]
	5%
	17.621
	19.663
	32.754

	
	50%
	54.549
	95.879
	97.088

	
	95%
	100.000
	166.667
	166.667

	
	Mean
	54.557
	96.737
	96.188

	
	Served / Offered(%)
	99.376
	98.961
	100.000

	
	RU (%)
	7.249
	6.369
	5.115

	UL
UPT CDF
[Mbps]
	5%
	2.886
	17.671
	39.137

	
	50%
	13.234
	74.922
	107.303

	
	95%
	41.222
	123.574
	165.079

	
	Mean
	16.303
	78.263
	107.651

	
	Served/Offered (%)
	98.973
	99.384
	100.000

	
	UL RU (%)
	16.384  
	6.743  
	5.722  

	𝜆 (files/s)
	0.20



Table3. DL and UL Performance for different TDD cases in low load
	TDD Cases
	Static TDD
	Dynamic TDD
	Dynamic TDD with sensing

	DL
UPT CDF
[Mbps]
	5%
	6.221
	7.962
	15.504

	
	50%
	81.854
	141.939
	134.615

	
	95%
	102.632
	166.667
	166.667

	
	Mean
	76.839
	127.497
	126.801

	
	Served / Offered(%)
	100.000
	100.000
	100.000

	
	RU (%)
	2.099
	1.961
	1.714

	UL
UPT CDF
[Mbps]
	5%
	8.969
	13.245
	37.735

	
	50%
	54.323
	108.108
	155.844

	
	95%
	76.952
	140.741
	190.476

	
	Mean
	49.195
	95.170
	138.589

	
	Served/Offered (%)
	99.026
	99.026
	100.000

	
	UL RU (%)
	2.693  
	2.846  
	1.898  

	𝜆 (files/s)
	0.12


 ----------------------------------------------------------------------------------------------------------------------------------------------------------
NOTE 1:	- schemes
	- Static 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：The change of transmission direction/transmission direction is dependent on the incoming traffic and the scheduler decisions and any slot can transmit DL or UL traffic.
	- Dynamic TDD with sensing：The method of dynamic TDD is used along with a sensing operation at the gNB or UE before DL transmission (e.g. the UE  performs sensing on the DL slot, if successful the UE can transmit its UL traffic on the DL slot) or UL transmission (e.g. the gNB performs sensing on the UL slot, if successful the gNB can transmit its DL traffic on the UL slot). 
- FTP model 3 with 0.5Mbytes
- Carrier frequency： 4.0GHz
- BS antenna configurations： Omni antenna model, (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1)
- λ(files/s): 0.12, 0.2, 0.24.
NOTE 2:	- RU for a link direction (DL or UL) is defined as the amount of occupied resources for the given link direction divided by the total number of resources  (irrespective of link directions).
-  DL and UL Performance for different TDD cases
-----------------------------------------------------------------------------------------------------------------------------------------------------------
 Conclusion
In this contribution, we discuss network coordination schemes for CLI mitigation, and have the following proposals: 
Observation 1: Dynamic TDD with and without sensing/coordination scheme  provides better UPT compared to static TDD.
Observation 2: Dynamic TDD with sensing/coordination scheme provides better UPT compared to static TDD and dynamic TDD without sensing/coordination scheme.
Proposal 1: Network coordination mechanism should support exchange of SRS configurations or measurement configurations for CLI measurement.
Proposal 2: Network coordination mechanism should support exchange of intended UL/DL transmission directions or direction priorities, and the configurations of some import reference signals/channels such as SS/ PBCH block .
Proposal 3: The CLI measurement, exchange of intended DL/UL transmission direction, and sensing scheme can be combined for CLI mitigation in dynamic TDD  .
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Appendix
Table I. Simulation assumptions
	Parameters
	Indoor scenario

	Layout
	Indoor floor: (12 BSs per 120m X 50m)

	Inter-BS distance
	20m

	Minimum BS-UE (2D) distance
	0m

	Minimum UE-UE (2D) distance
	3m

	System bandwidth
	20MHz per CC

	Carrier frequency
	4.0GHz

	Number of carriers
	1

	BS TX power
	24 dBm

	UE TX power
	23 dBm

	Channel model
	TRP-to-UE: ITU InH
TRP-to-TRP: ITU InH
UE-to-UE: A.2.1.2 in TR36.843

	BS antenna
	Omni antenna model; (M,N,P,Mg,Ng) = (1, 1, 2, 1, 1); 2Tx, 2Rx

	BS antenna height:
	3m

	UE antenna
	Omni; 2Tx, 2Rx

	UE antenna height
	1.5m

	eNB antenna element gain
	5dBi

	Antenna gain of UE
	0 dBi

	UE distribution
	10 users per TRP; 100% indoor (3km/h)

	Cell selection criteria
	Cell selection is based on RSRP

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9dB

	UE power control
	Full power

	Traffic model
	FTP traffic model 3 with packet size 0.5Mbytes

	Traffic load
	Downlink and uplink traffic ratios = {1:1}

	Static TDD configuration
	Configuration 1(DL:UL= 6:4)
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