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Introduction
[bookmark: _Ref129681832]During RAN1#88bis, the following agreements [1] were achieved on duplexing:
	Agreements:
· 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:
· 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


According to the results captured in [2], it can be observed that scheduling coordination and link adaptation can effectively mitigate cross-link interference (CLI), and these mechanisms can obtain significant performance gain. It is emphasized that UE-to-UE measurement is a key enabler for TRP to support these mechanisms, which can be considered to be specified. In this contribution, the motivation and some details on UE-to-UE measurement are discussed.
Motivation for UE-to-UE measurement
In terms of different measurement objects and motivations for UE-to-UE measurement, it can be divided into two categories as follows:
· Category 1: Long-term UE-to-UE measurement. This category focuses on path-loss 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.
· Category 2: Short-term UE-to-UE measurement. This category focuses on CSI measurement and is to enable TRP to perform link adaptation including transmit power and MCS adjustment, where each TRP is required to obtain the instant interference level for scheduled UEs.
As studied in SI phase, both coordination scheduling and link adaptation have been proven to be effective to mitigate CLI, thus obtaining notable performance gain. Therefore, both long-term and short-term UE-to-UE measurement can be considered. Here we focus on the long-term UE-to-UE measurement in this contribution.
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 UEs in neighbouring cells of DL transmission.
Such solution is inefficient since not all cell-edge UEs in the UL cell would cause CLI to UEs in neighbouring DL cells. Scheduling coordination of more efficiency can be adopted if a TRP can obtain the information of all the UEs in neighbouring cells that would potentially interfere with a certain UE under its own coverage. On this condition, TRPs could first exchange with each other the information of intended cell-edged UEs to be scheduled in DL. 
· Option 2: TRPs in UL slots abandon the scheduling of UEs that would potentially interfere with the UEs that intended to be scheduled by other TRPs in DL. 
Compared with Option 1, Option 2 is more efficient and is expected to obtain performance gain, which is preferred to be implemented. It is noted that other coordination methods, e.g., TRPs in DL transmission abandon the scheduling of UEs that would be interfered can be also considered. In Table 1, the evaluation results of coordinated scheduling based on long-term UE-to-UE measurement are provided, where the coordination method in option 2 is adopted. Simulation assumptions are shown in Table A1 in appendix. Notable improvements on both DL and UL UPTs can be observed when coordinated scheduling is used among TRPs, which implies the necessity of long-term UE-to-UE measurement.
[bookmark: _Ref477980679]Table 1 Performance of coordinated scheduling based on UE-to-UE measurement in indoor hotspot scenario on 4GHz carrier
	Ratio of DL/UL traffic
	Feature
	DL/UL subframe ratio
	DL RU (%)
	DL Average UPT (Mbps)
	5%-tile
DL UPT
(Mbps)
	UL RU (%)
	UL Average UPT (Mbps)
	5%-tile
UL UPT
(Mbps)

	1:1
	Flexible duplex -
without coordinated scheduling
	Dynamic change
	31.23
	58.02
	8.06
	19.86
	50.85
	5.94

	
	Flexible duplex -
with coordinated scheduling
	Dynamic change
	28.57
	59.56
(+2.65%)
	11.49
(+42.56%)
	18.67
	56.53
(+11.17)
	9.03
(+52.02%)

	
	Flexible duplex -
with coordinated scheduling with measurement error
	Dynamic change
	31.64
	59.20
(+2.03%)
	11.16
(+38.46%)
	19.58
	54.98
(+8.12%)
	8.36
(+40.74%)


To evaluate the impact of measurement accuracy, a maximum ±4.5dB error is added in the simulation of the last row in Table 1, which is according to the intra-frequency RSRP Accuracy Requirements in LTE. As can be observed from Table 1, for coordinated scheduling, the performance degradation due to the measurement error is small.
Observation 1: Measurement error will only cause small performance degradation to coordinated scheduling based on long-term UE-to-UE measurement. 
Note that, another key issue to support scheduling coordination is that TRPs are required to obtain the information of all 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 all 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 the following figure.
[image: ]
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
On measurement signal design
To simplify the system design and reduce UE complexity, it is preferable to reuse existing reference signal (RS) for UE-to-UE measurement where SRS/CSI-RS/DMRS can be considered. 
· Option 1 (Reuse SRS): No impact on UE transmit module while UE should have the ability to receive SRS. 
Particularly, ZP CSI-RS can be configured to Rx UE for UE-to-UE measurement. In this case, the mismatch of RS patterns between ZP CSI-RS and SRS will lead to inaccurate UE-to-UE interference estimation. To tackle this issue, an interference measurement behaviour for UE-to-UE measurement should be defined, which allows UE to derive interference measurement on comb-like REs within the configured ZP CSI-RS resource. Considering the agreed CSI framework, a new type of quantity, e.g. UE-to-UE interference, for the link can be introduced and configured in CSI measurement setting.
· Option 2 (Reuse CSI-RS): No impact on UE receive module while UE should have the ability to transmit CSI-RS. 
This option effectively requires a UE to transmit CSI-RS. Note that PUSCH puncturing or rate matching around CSI-RS is also beneficial for TRP-to-TRP measurement as discussed in [3].
· Option 3 (Reuse DMRS): No impact on both transmit and receive module of UE due to a common structure for DL/UL DMRS. However, since DMRS can only be configured along with scheduled data channels, UE-to-UE measurement cannot be done without scheduling data. This makes the long-term UE-to-UE measurement rather restricted with this approach.
Proposal 2: It is preferred to reuse existing RS for UE-to-UE measurement.
On resource configuration
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 UE in one cell should observe when another UE in another cell transmits measurement signal. An example of measurement time pattern is shown in Figure 2. Within each time-domain resource, only the UEs in one cell can transmit measurement signal, and UEs in all the other cells are required to observe the signal. As for two TRPs that have a very large distance between each other, it is possible for their UEs to transmit measurement signal using the same time-domain resource due to geographical separation, thus reducing the resource consumption for measurement. 
Similar as the CSI measurement, both periodic and aperiodic UE-to-UE measurement can be considered. Since UEs should be informed of the specific resource for transmitting and receiving measurement signal, corresponding signalling should be designed.
Proposal 3: UE should be informed about the resources for transmitting and receiving the RS for UE-to-UE measurement.
[image: ]
[bookmark: _Ref477895423]Figure 2 Illustration of measurement time pattern.
To ensure accurate UE-to-UE interference measurement, a straightforward way is using the “clear” resource to conduct this measurement. It means that only measurement signal can be transmitted on this resource and no data transmission is on the measurement resources in neighbouring TRPs. The required UE-to-UE measurement accuracy needs further study. 
[bookmark: OLE_LINK29]On UE 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:
· Option 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, e.g., flexible power control for both UL and DL by using this information, which is more beneficial for CLI mitigation. Reporting all the detailed information of each UE would result in more overhead. 
· Option 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 to perform flexible power control for the purpose of cross-link interference mitigation, Option 1 can be adopted. Otherwise, Option 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.
On timing issue



For UE-to-UE measurement, timing aspects for transmitting measurement signal also need to be addressed. Figure 3 shows a timing example where UE2 is detecting the measurement signal from neighbor UE1. The propagation delay from UE1 to TRP1 is denoted by , and the propagation delay from TRP2 to UE2 is denoted by . And  is the propagation delay between UE1 and UE2.


[bookmark: _Ref480894094]Figure 3 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. The timing offset  is 624 chips, and equals about 20.3us.  is a timing advance command from MAC, which is used to adjust the propagation delay between the UE and the BS, and is about the round trip delay. In Figure 3, for UE1, ; for UE2,  . Denote . Then, we can show the symbol misalignment between the DL signal from TRP2 and the UL signaling from UE1 at UE2. Figure 4 shows the timing error of a measurement pair with different timing principles.


[bookmark: _Ref480896212]Figure 4 Illustration of the signal timing error of measurement pair.



There are two types of timing for the transmission in LTE, i.e. the normal timing and the sidelink timing, which are configured with different offset parameters. Figure 4(a) is the example of normal timing. UE1 transmits a measurement signal  ahead of the DL frame timing. When the measurement signal arrive 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 20.6us, which is larger than the CP length. For sidelink timing in Figure 4(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, in Figure 4(c), UE1 uses a specific timing for UE-to-UE cross link measurement by removing . In this condition, the timing misalignment between the measurement signal from UE1 and the DL frame timing of UE2 is , which is smaller than the former ones in Figure 4(a) and Figure 4(b), and can be easily compensated by the CP. Moreover, the timing for transmission at UE1 and reception at UE2 can be considered to be adjusted to reduce the timing misalignment. 
Proposal 4: A specific timing is needed for UE-to-UE cross-link interference measurement.
On power issue
For the power aspect, a possible approach can be that each UE uses different transmit power, e.g., according to the UE’s UL power control. This solution can better simulate the interference circumstance which makes it possible for each UE to be aware of all the potential interfering UEs. Another option can be that each UE uses equal transmit power, which can enable the UE to obtain the accurate path-loss from a potential interfering UE to itself. In addition, in order to realize power saving for some UEs, the transmission power can be reduced e.g. with some scaling factor on top of above options.
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, UE-to-UE measurement to enable at least scheduling coordination for cross-link interference mitigation is discussed. The observation and proposals are given below:
Observation 1: Measurement error will only cause small performance degradation to coordinated scheduling based on long-term UE-to-UE measurement. 
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: It is preferred to reuse existing RS for UE-to-UE measurement.
Proposal 3: UE should be informed about the resources for transmitting and receiving the RS for UE-to-UE measurement.
Proposal 4: A specific timing is needed for UE-to-UE cross-link interference measurement.
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Appendix
Table A1. Simulation assumptions
	Parameters
	Indoor hotspot

	Layout
	Single layer
Indoor floor: (120m x 50m)
Candidate TRP numbers: 3

	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 
	5 dB

	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

	UE-UE Measurement error model
	Random measurement error that uniformly distributed between -4.5dB and 4.5dB 
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