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Introduction
[bookmark: _Ref129681832]In RAN1#89, the following agreements on duplexing were achieved [1]:
	Agreements:
· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering UE-to-UE interference 
· Details for the enablers, including:
· detailed configurations (RS time/frequency positions, periodicity, # of ports, bandwidth, etc.)
· detailed reporting 
· performance metrics
· long-term and/or short-term
· timing offset considerations
· overhead
· whether or not to identify the aggressor(s)
· whether or not to use the same framework as in MIMO (if so, how)
· Aim to make a decision whether or not to support CLI management using an existing RS covering UE-to-UE interference in the next RAN1 meeting and if so, the details
· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering TRP-to-TRP interference 


For duplex flexibility, it has been shown in [2] that scheduling coordination and link adaptation can effectively mitigate the cross-link interference (CLI), and significant performance gain can be achieved subsequently. To enable the scheduling coordination mechanisms for TRPs, UE-to-UE measurement and report shall be supported and specified. In this contribution, some details on UE-to-UE measurement and report are discussed, and simulation results are also provided.
Scheduling coordination based on long-term UE-to-UE measurement
Long-term UE-to-UE measurement focuses on RSRP-like/RSSI-like measurement and is to enable TRPs to perform coordination scheduling and UL power control for mitigating UE-to-UE interference, where each TRP is required to obtain interfering relationship among UEs associated with different TRPs. As studied in SI phase, scheduling coordination is effective to mitigate CLI and obtain notable performance gain, and thus long-term UE-to-UE measurement should be considered to be specified.
In RAN1#88bis, the information of indication of intended DL/UL transmission direction configuration is agreed to be provided among TRPs via backhaul signalling for the purpose of cross-link interference mitigation. With only such information, a straightforward approach of scheduling coordination to mitigate CLI can be:
· Option 1: TRPs in UL slots abandon the scheduling of all cell-edged UEs in order to avoid interfering with the UEs’ DL reception in neighbouring cells.
For Option 1, the TRP does not need CLI information, and it can judge whether the UE is at cell edge by RSRP or TA. However, such solution cannot highly exploit the benefit of duplexing flexibility. For Option 1, abandoning the scheduling of all cell-edged UEs is unnecessary since not all cell-edge UEs would cause serious CLI to the UEs in neighbouring cells with different transmission direction. 
On the other hand, more efficient scheduling coordination can be adopted if the TRP can obtain the CLI information of all the UEs in neighbouring cells that would potentially interfere with a certain UE under its own coverage. Considering that the CLI should be reciprocal, at least the following strategy of scheduling coordination can be utilized:
· Option 2: TRPs in UL slots abandon the scheduling of UEs that would potentially interfere with the UEs’ DL receptions in neighbouring cells. 
For Option 2, firstly the TRP needs to know whether the UE would potentially interfere with any UEs’ DL reception in neighbor cells, but does not need to explicitly know which UE would be interfered. In this case, the UE can report only one parameter to its TRP, indicating the CLI condition for all neighbour UEs. For example, an RSSI for a general CLI intensity can be reported, which measures all time-frequency resources carrying the RS from the UEs in neighbour cells. 
Moreover, for each UE, if the aggressor UEs can be identified and reported to the TRP, and the intended scheduling information can be exchanged among the TRPs, a further scheduling coordination strategy can be adopted:
· Option 3: TRPs in UL slots adjust the resource allocation of the UEs with a RB/RBG granularity to avoid interfering with the UEs’ DL transmission within the same RB/RBG in neighbouring cells. 
For Option 3, the TRP needs to explicitly know which UEs in other cells would be interfered by its serving UEs, so the UEs are required to report the CLI intensity for each UE in neighbour cells. And together with the information of the time-frequency resources where the potentially interfered DL UEs in neighbour cells will be scheduled, the TRP can avoid allocating the same resources to the UEs for UL transmission which could cause serious CLI to the DL UEs in neighbour cells. Therefore, the coordination scheduling can be conducted in RB/RBG level.
Note that other coordination methods, e.g., TRPs in DL transmission abandon the scheduling of UEs that would be interfered, can also be considered. 
Comparing Option 1, 2 and 3, Option 3 is most efficient and flexible, and Option 2 comes second. In Table 1, the evaluation results of scheduling coordination based on long-term UE-to-UE measurement are provided, where the coordination methods in Option 2 and Option 3 are adopted. The results of hybrid TDD are also included, where the flexible slots will fall back to a fixed configuration if different intended directions in the cell are found [3]. Simulation assumptions are shown in Table A1 in appendix. 
[bookmark: _Ref484599124]Table 1 Performance of scheduling coordination based on UE-to-UE measurement in indoor hotspot scenario on 4GHz carrier
	Ratio of DL/UL traffic
	Feature
	DL/UL subframe ratio change
	5%-tile
DL UPT
(Mbps)
	DL Average UPT (Mbps)
	DL RU (%)
	5%-tile
UL UPT
(Mbps)
	UL Average UPT (Mbps)
	UL RU (%)

	1:1
	
Hybrid TDD

	Dynamic 
	4.91
	35.62
	25.49
	0.95
	18.45
	47.98

	
	Flexible Duplex 
w/o scheduling coordination
	Dynamic 
	1.84
	25.45
	28.95
	0.78
	19.04
	46.99

	
	Flexible Duplex with scheduling coordination 
(Option 2)
	Dynamic 
	5.50
	36.14
	25.38
	1.00
	21.82
	43.48

	
	Flexible Duplex with scheduling coordination
 (Option 3)
	Dynamic 
	5.97
	38.68
	23.38
	1.54
	22.75
	42.61



As can be observed from the table, considerable improvements on both DL and UL 5%-tile UPTs can be achieved when scheduling coordination with identifying aggressor UEs is applied. Meanwhile, the performance gain reduces when scheduling coordination can only be done without identifying the aggressor UEs. It is desirable to identify the aggressor UEs in CLI management.
Observation 1: CLI management with identifying the aggressor UEs has better system performance over the schemes without identifying the aggressor UEs. 
Therefore, TRPs are required to obtain the information of the UEs in neighbouring cell that would potentially interfere with a certain UE under its own coverage. Considering that it is hard for a TRP to measure such information directly, UE-to-UE measurement and reporting can be considered in order to assist the TRP in acquiring such information and each UE is recommended to distinguish the potential interfering UEs in neighbouring cells via UE-to-UE measurement. The procedures for UE-to-UE measurement based TRP coordination can be shown in Figure 1.
[image: ]
[bookmark: _Ref484783185]Figure 1 Procedures for UE-to-UE measurement based coordination
Proposal 1: UE-to-UE measurement should be supported to enable at least scheduling coordination for the purpose of cross-link interference mitigation.
Detailed considerations for long-term UE-to-UE measurement
RS transmission and reception
It is preferable to reuse existing reference signal (RS) for UE-to-UE measurement to simplify the system design, where SRS/CSI-RS/DMRS can be considered. The impacts of reusing the RS mentioned above are briefly summarized in Table 2.
[bookmark: _Ref484617740]Table 2 Comparison of different RS for UE-to-UE measurement
	RS
	SRS
	CSI-RS
	DMRS

	Impact on transmission
	No special impact
	UE should have the ability to transmit CSI-RS
	No impact on transmission and reception, but UE should have the ability to transmit DMRS without scheduling data.

	Impact on reception
	UE should have the ability to receive SRS, e.g., comb-like signal detection.
	No special impact
	


From the point of view of measurement reference signal capability, SRS is a suitable choice since a UE naturally has the ability to transmit SRS and there are enough SRS for the UE to measure the channel. And the configuration of SRS can also be reused with minimized spec impact. If CSI-RS or DMRS is adopted as the RS for UE-to-UE measurement, more additional specification work on transmission configuration is required, and also the system complexity would be increased. 
Proposal 2: SRS can be reused as the transmitted RS for UE-to-UE CLI measurement.
For RS reception, Zero-power (ZP) CSI-RS can be reused to configure interference measurement resource (IMR) for UE-to-UE measurement. So far comb-like resource is not supported by CSI-RS configuration, thus an issue arises that the mismatch of RS patterns between ZP CSI-RS and SRS may lead to inaccurate interference estimation. 
Some mechanisms can be considered to tackle this issue. For example, interference measurement behaviour for UE-to-UE measurement can be specified. And it allows UE to derive interference measurement on comb-like REs within the configured ZP CSI-RS resource. For another example, ZP resource with comb-like pattern can be configured for UE-to-UE measurement. To reduce the complexity of this ZP resource configuration, SRS configuration can be reused. 
Proposal 3: Mechanism(s) to avoid DL interference to SRS transmission for UE-to-UE CLI measurement shall be supported, e.g. 
· Reusing the configuration of SRS resources for IMR can be considered.
Configuration of measurement resource 
It is required for UEs in different cells to coordinate with each other with the assistance of associated TRPs to complete UE-to-UE measurement since the UE in one cell should be receiving when another UE in another cell is transmitting measurement signal. Figure 2 illustrates an example of measurement resource configuration, where SRS is assumed to be used as the RS for UE-to-UE measurement. 


[bookmark: _Ref484631223]Figure 2 Illustration of measurement resource configuration
Several considerations on configuration are listed as follows:
Periodicity:
Considering that UEs would not move fast (e.g., 3km/h) in the indoor scenario, the periodicity of the RS for UE-to-UE measurement can be hundreds of ms to reduce the overhead. Figure 3 shows the variation of the channel gain between two UEs. As can be observed from the figure, the variation is small during thousands of ms, which implies that the validity of the measured result holds for a long time, and the measurement does not need to be frequently conducted. Therefore, the overhead can be small due to a reasonable long period.
[image: ]
[bookmark: _Ref485196754]Figure 3 Variation of the fading condition between two UEs.
In LTE, the largest periodicity of SRS is 320ms. Similar period or an even longer one can be used for UE-to-UE measurement in NR.
Time-frequency resource:
It is desirable to complete the measurement among the concerned UEs early with in a period, so the reporting and scheduling coordination with the updated measurement results can be started as soon as possible. Thus, centralized measurement shall be strived for. Considering that at least 4 adjacent symbols within the same slot are agreed to be used for SRS in RAN1#89, multiple contiguous slots can be configured for UE-to-UE measurement. If more symbols, e.g. all symbols, within the slot can be used for SRS transmission, the measurement duration can be further reduced. 
The configured resources for different UE can be orthogonal in time/frequency/comb domain to facilitate the identification where power detection can be applied. As illustrated in Figure 2, the UEs belongs to different TRPs can be multiplexed in time domain, and the UEs belongs to the same TRP can be multiplexed in frequency/comb domain. 
Beams/ports:
One omnidirectional antenna can be used for RSRP-like measurement, or a particular beam pair can be considered to model the CLI more accurately. The beam for the Tx UE’s SRS should be the same with its current PUSCH transmission, and the beam for the Rx UE’s SRS measurement should be the same with its current PDSCH reception. Such beam pair for the UE pair can effectively reproduce the CLI for the beam pair. Single port shall be enough for both transmission and reception, because different number of ports does not have much impact on the interference intensity of a particular CLI beam pair.
Proposal 4: UE should be informed about the resources for transmitting and receiving the RS for UE-to-UE measurement.
[bookmark: _Ref485298485]Reporting
For long-term UE-to-UE measurement, UEs are required to report the measurement results after completing one round of measurement. It is proper to reuse the similar reporting procedure as that of RSRP which is a higher layer reporting, or similar reporting mechanism of current CSI framework.
Note that, UE can acquire the interference power or path-loss of a potential interfering UE via UE-to-UE measurement. Two options can be considered:
· Alt 1: UE reports the power/path-loss information of the UEs in other cells to its associated TRP. The TRP determines the interfering situation of the UEs based on the reports, and then the TRP can perform more accurate coordination. But reporting all the detailed information of each UE would result in more overhead. 
· Alt 2: UE determines the potential interfering UEs in accordance with the measured power/path-loss information of the UEs in other cells, and reports the screened out information. Such determination can be easily accomplished by comparing the receive power of measurement signal with a predefined threshold which is straightforward and with negligible complexity. 
If detailed UE-to-UE interference power/path-loss information is needed for TRPs, Alt 1 can be adopted. Otherwise, Alt 2 is preferred. To reduce the reporting overhead, several methods can be considered. For example, a UE can be required to report the interfering information of parts of the measured UEs, e.g., top K UEs which will cause the most serious interference. Particularly for Option 1, the interference can be quantized into a few levels and fewer bits would be needed to be reported to the TRP.
In addition, the reporting should be as soon as possible once the measurement is conducted, and the reporting period can be the same as the measurement period. 
[bookmark: _Ref485213471]Timing issue



For UE-to-UE measurement, timing aspects for transmitting measurement signal also need to be addressed. Figure 4 shows a timing example where UE2 is detecting the measurement signal from neighbor UE1. The propagation delay from UE1 to TRP1, the propagation delay from TRP2 to UE2, and the propagation delay between UE1 and UE2 can be denoted as ,,, respectively, as shown in Figure 4.


[bookmark: _Ref480894094]Figure 4 Illustration of the propagation timing among different UEs.






In LTE, the uplink frame transmission takes place before the reception of the first detected path of the corresponding DL frame from the reference cell, where  is the round-trip delay and  is about 20.3us. In Figure 4, for UE1, ; and for UE2,  . For convenience we can denote. There are two types of timing for the transmission in LTE, i.e. the normal timing and the side-link timing, which are configured with different offset parameters, as illustrated in Figure 5(a) and Figure 5(b).


[bookmark: _Ref480896212]Figure 5 Illustration of the timing misalignment in UE-to-UE measurement.



Figure 5(a) is the example of normal timing. UE1 transmits a measurement signal  ahead of the DL frame timing. When the measurement signal arrives at UE2 with a delay of , the timing error between the DL frame timing and measurement signal equals . Assuming that the distance between TRP and UE is about 50m, the maximum timing error is about 20.6us, which is larger than the CP length. For side-link timing in Figure 5(b), a similar analysis can be done, and the maximum timing error is also too large to be compensated by the CP.  
To tackle this issue, two potential strategies for timing adjustment can be applied, as illustrated in Figure 6. 


[bookmark: _Ref484767394]Figure 6 Potential strategy of timing adjustment for UE-to-UE measurement.
· 


Alt 1 (Figure 6(a)): UE1 uses a specific timing by removing  and , and the remainder timing error is .


	Such remainder timing error would be smaller than the former ones in LTE, and can be easily compensated by the CP. Note that  will not to be large, since a large  implies a large distance between UE1 and UE2, and the CLI of the UE pair would be small and negligible.
· 
Alt 2 (Figure 6(b)): UE1 uses the reception timing as the transmission timing for UE-to-UE CLI measurement, and the remainder timing error is . 



	Considering that both UE1 and UE2 are expected to be cell edge UEs and the coverage of each TRP would be similar,  should approximate to , and thus  would be small.
Moreover, if the timing reception at UE2 can be considered to be adjusted, the timing misalignment can be further reduced.
Proposal 5: A specific timing should be configured for UE-to-UE CLI measurement. 
Views on the opening issues of CLI measurement
Our general views on the issues driven from the RAN1#89 agreements are summarized as follows:
	Details for the enablers
	General Views

	Whether or not to support CLI management using an existing RS covering UE-to-UE interference
	SRS can be reused for CLI management

	Detailed configurations
	RS time/ frequency positions
	Reuse the allowed time/frequency positions for SRS, e.g. the last four symbols of the slot(s) within the BP.

	
	Bandwidth
	Any supported SRS bandwidth can be used. 

	
	Periodicity
	Reuse the allowed periodicity of SRS and can be hundreds of ms, e.g. 320ms.

	
	Beams
	Omnidirectional or use the current beam for PUSCH and PDSCH

	
	# of ports
	Single port

	Detailed reporting
	The reporting content can be: 1. The measured CLI power/path-loss information for each IMR.  2. Indication of the severity level determined by UE itself. More details can be found in Section 3.3

	Performance metrics
	5%-tile DL/UL UPT and average DL/UL UPT can be the metrics of performance

	Long-term and/or short-term
	At least long-term UE-to-UE measurement should be supported

	Timing offset
	A specific timing should be configured for UE-to-UE measurement, as has been discussed in Section 3.4

	Overhead
	The overhead largely depends on the measurement period, which could be small due to a reasonable long period

	Whether or not to identify the aggressor(s)
	Identifying the aggressor UEs should be supported. The identification can be conducted by the different times/frequencies/combs of the IMR

	Whether or not to use the same framework as in MIMO (if so, how)
	The existing MIMO framework can be reused but additional features shall be supported, e.g. comb-like reception/detection which can match the pattern of the SRS


Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, UE-to-UE measurement to enable at least scheduling coordination for CLI mitigation is discussed. The observation and proposals are given below:
Observation 1: CLI management with identifying the aggressor UEs has better system performance over the schemes without identifying the aggressor UEs. 
Proposal 1: UE-to-UE measurement should be supported to enable at least scheduling coordination for the purpose of cross-link interference mitigation.
Proposal 2: SRS can be reused as the transmitted RS for UE-to-UE CLI measurement.
Proposal 3: Mechanism(s) to avoid DL interference to SRS transmission for UE-to-UE CLI measurement shall be supported, e.g. 
· Reusing the configuration of SRS resources for IMR can be considered.
Proposal 4: UE should be informed about the resources for transmitting and receiving the RS for UE-to-UE measurement.
Proposal 5: A specific timing should be configured for UE-to-UE CLI measurement. 
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Appendix
Table A1. Simulation assumptions
	Parameters
	Indoor hotspot

	Layout
	Single layer
Indoor floor: (3 TRP per 120m x 50m)
[image: ]

	Inter-BS distance
	40m

	Minimum BS-UE (2D) distance 
	0m

	Minimum UE-UE (2D) distance
	3m

	Carrier frequency 
	4GHz 

	Simulation bandwidth 
	20MHz per CC for 4GHz

	Channel model 
	Follow [2]

	Penetration loss
	Follow [2]

	BS Tx power 
	24 dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 24 dBm

	UE Tx power 
	Maximum 23 dBm 

	BS antenna configuration 
	 (M,N,P,Mg,Ng)=(4,4,2,1,1)   (dH,dV)=(0.5,0.5)λ

	BS antenna configuration
	Ceiling-mount, Follow [2]

	BS antenna height 
	3m

	BS antenna element gain + connector loss
	5dBi

	BS antenna tilt
	90deg

	BS receiver noise figure 
	5dB

	UE antenna elements
	2Tx and 2Rx

	UE antenna configuration
	Follow [2]

	UE antenna height
	1.5m

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK28][bookmark: OLE_LINK20][bookmark: OLE_LINK21]9 dB

	Traffic model
	FTP traffic model 3 with packet size 0.5Mbytes 

	UE distribution
	For FTP traffic model 3: 10 users per TRP 
100% indoor (3km/h)

	UE receiver
	MMSE-IRC 

	BS receiver 
	MMSE-IRC 

	UE association
	based on RSRP measurement

	Transmission mode
	SU-MIMO
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