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Introduction
[bookmark: _Ref129681832]This paper is a revision of R1-1717908.
In the RAN1#90 meeting, the following agreements on supporting the UE-to-UE CLI measurement were achieved [1]:
	Agreements:
· For SRS-RSRP based UE-UE CLI measurement  
· At least SRS can be used for UE-UE CLI measurement
· The specification should provide a mechanism for the network to configure at least a same SRS sequence for one or more UEs transmitting SRS
· Note: This intends to support cell-level, UE-group-level, and UE-level interference differentiation 
· UE can be configured with one or more SRS resource(s) (including time-frequency resource(s), sequence(s), cyclic shift(s), periodicity, etc) to measure UE-UE CLI interference. 
· FFS details, e.g. configuration signaling, measurement triggering mechanism
· Every SRS resource has to be explicitly configured, i.e. there is no SRS blind acquisition by the UE required.
· FFS the maximum of SRS resources – aim to limit the number of resources to reduce complexity while considering performance aspect
· Mechanism to limit the UE complexity for UE-UE CLI measurement is supported
· FFS details, [e.g. by limiting the number of root sequence of SRS for UE-UE CLI measurement that a UE needs to detect within a certain amount of time, longer periodicity.]
· FFS whether there is spec impact. 
· FFS: The specification should provide a mechanism to avoid potential DL transmission interfering the SRS for UE-UE CLI measurement
· FFS exact details, [e.g. by rate matching the DL transmission around the SRS]
· FFS: Transmission timing advance of SRS for CLI measurement can be different from the transmission timing advance of its PUSCH, e.g D2D channel transmission timing 
· The UE is not required to perform time tracking or time adjustment relative to DL operation in order to perform RSRP measurement
· FFS whether or not to have measurement accuracy relaxation
· For RSSI based UE-UE CLI measurement  
· UE can be configured with a set of resource elements to measure UE-UE CLI interference.
· FFS details, e.g. the set of resource elements can be SRS or DM-RS resource, configuration signaling, measurement triggering mechanism
· FFS whether additional mechanism for SRS transmission is needed for RSSI based UE-UE CLI measurement
· FFS: The specification should provide a mechanism to avoid potential DL transmission in the RSSI measurement resource elements for UE-UE CLI measurement
· FFS exact details, e.g. by rate matching the DL transmission around the resource elements for RSSI UE-UE CLI measurement


For duplex flexibility, at least one of SRS-RSRP-based and RSSI-based CLI measurement and corresponding reporting would be supported. In this contribution, the timing alignment issue for cross-link are discussed. The details of several timing alignment schemes are compared.
Discussion
[bookmark: _Ref485213471]Timing alignment for CLI measurement



For UE-to-UE measurement, timing aspects for transmitting measurement signal need to be addressed. Figure 1 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 1.
[image: ]
[bookmark: _Ref480894094]Figure 1 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 1, for UE1, ; and for UE2,  . For convenience we can denote. There are two types of timing for the UL transmission in LTE, i.e. the normal timing and the side-link timing, which are configured with different offset parameters, as illustrated in Figure 2(a) and Figure 2(b).
[image: ]
[bookmark: _Ref480896212]Figure 2 Illustration of the timing misalignment in UE-to-UE measurement.



Figure 2(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 defined at LTE. For side-link timing in Figure 2(b), a similar analysis can be done, and the maximum timing error is also too large to be compensated by the CP.  
It agreed that for SRS-RSRP based UE-UE CLI measurement, UE can be configured with SRS resource to measure UE-UE CLI interference. One UE transmits SRS signal for CLI measurement. Another UE can be configured with IMR resource and do RSSI or RSRP measurement on the resource. If the IMR resource symbol does not align with the SRS symbol as the analyses in the two former timing schemes, it will cause great error for both SRS-RSRP based and RSSI based CLI interference estimation. So the following proposal is provided:
Proposal 1: Both for RSSI and RSRP based CLI measurement, timing alignment should be supported
Specific timing design
To tackle the misalignment, two potential strategies for timing adjustment can be applied, as illustrated in Figure 3. It shows that both two schemes can reduce the misalignment and get more accurate results for both RSSI and RSRP CLI measurement.
[image: ]
[bookmark: _Ref484767394]Figure 3 Potential strategy of timing adjustment for UE-to-UE measurement.
· 




Alt 1 (Figure 3(a)): UE1 uses a specific timing by removing  and , and the remainder timing error is . For, UE1 can use the specific timing for the CLI measurement reference signal transmission to reduce the timing misalignment.


	Such remaining 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 3(b)): UE1 uses the reception timing as the transmission timing for UE-to-UE CLI measurement, and the remaining 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. Namely, the timing misalignment is reduced.
Proposal 2: A specific timing should be configured for UE-to-UE CLI measurement. 
· One of the timing among Alt 1 and Alt 2 can be supported.
Interference avoidance for CLI measurement
For accurate CLI measurement, the DL transmission or UL transmission surrounding the measurement symbols which may potentially interfere with UE-UE measurement should be avoided. The Figure 4 shows the potential symbol interference to the CLI measurement with different timing schemes.
[image: ]
Figure 4 Potential DL and UL transmission interfering UE-UE CLI measurement.
For these CLI measurement timing schemes, the measured symbols may not align with the DL or UL transmission with the data transmission symbols using normal timing. We denote the UL misalignment which is the gap between the SRS symbols and the UL data symbols at the TRP side asΔTUL , and denote the DL misalignment which is the gap between the SRS symbols and the DL data symbol at the measure UE side asΔTDL. The table 1 show the time misalignment for three schemes.

Table 1: misalignment for three timing schemes
	Time alignment schemes
	CLI RS take place before the reception of the first detected path of the DL frame
	DL misalignment with UE CLI measurement
ΔTDL
	UL misalignment with Data transmission
ΔTUL

	Side-link timing
	

	

	


	Alt1
	

	

	


	Alt2
	0
	

	





In NR,  may be a constant value same as which in LTE for sub6G and a smaller value in high frequency band, and it is bigger than CP width for different numerologies. So the misalignment value which include the T0 may cover one or more symbols for different numerologies cases. The T1/T2/T3 is the propagation delay between TRP and UEs and may be different with UE positions. For most scenarios, the misalignment include T1/T2/T3 can be easily compensated by the CP.
[bookmark: _GoBack]Figure 4 shows an example for symbol misalignment between CLI measurement symbols and data transmission symbols. Assume the SRS for CLI measurement is configured on the UL symbol 3. The DL interference withΔTDL can be conquered with some way such as  rate-matching around the CLI measurement resources as discussed in our companion’s contribution [2]. The UL symbol which overlaps with the SRS needs to be muted for avoiding the transmission confliction and interference to CLI measurement. So the UL symbol 3 in figure 4 (a) and UL symbol 3 and UL symbol 4 in figure4 (b) and figure4 (c) should be muted respectively for the UEs in transmission cells. 
Proposal 3: UL symbol muting can be considered for UE-to-UE CLI measurement to avoid the interference. 
Timing alignment for CLI cancelation
As shown in the following figures, timing misalignment between wanted signal and cross-link interference would exist in the cases of duplexing flexibility due to the propagation delay and UL-to-DL switching time. Such misalignment would make it difficult for TRP to perform CLI cancelation, e.g., advanced receiver. Here, we focus on the urban macro and dense urban scenarios where the key issue of cross-link interference is at TRP side, i.e. UL reception at TRP is interfered by DL signal from a neighboring TRP. While the cross-link interference at UE side rarely occurs or can be mitigated via coordination scheduling. Particularly for the reception at TRP1, the receive timing offset between UL transmission from UE1 and cross-link interference, i.e. DL transmission from TRP2 can be tdelay+tUL-DL. Note that, the typical value of tUL-DL is 20.3us and tdelay is related to the distance between two TRPs. Thus, the timing misalignment between UL and DL may be always larger than the CP duration (4.7us). As a result, more REs must be muted, otherwise the orthogonality between UL and DL DMRS would be destroyed though orthogonal ports/patterns are configured for UL and DL DMRS. Therefore, it is necessary to support effective method to attain timing alignment between UL and DL.
[image: ]
Figure 5(a) Illustration of receive timing misalignment at TRP1 for DL/UL only slots
[image: ]
Figure 5(b) Illustration of timing misalignment for self-contained slots
To tackle the problem of timing misalignment, a possible solution can be adjusting transmit timing of victim link where UEs associated with TRP1 should utilize a different TA, denoted by TACLI to determine the transmit timing for UL. In this case, UEs can use TACLI for UL transmission so as to achieve timing alignment between UL and DL when cross-link interference is existed. While legacy TA is utilized on the condition that cross-link interference is absent. So when transmitting PUSCH, UE can use one transmit timing for slots with cross-link interference and another transmit timing for slots without cross-link interference respectively. More discussion can be found in our companion’s contribution in [3].
Proposal 4: A UE can be configured to maintain two UL transmit timings, one applied to slots without cross-link interference and one applied to slots with cross-link interference.
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the time issue on UE-to-UE measurement for CLI mitigation is discussed. The observation and proposals are given below:
Proposal 1: Both for RSSI and RSRP based CLI measurement, timing alignment should be supported
Proposal 2: A specific timing should be configured for UE-to-UE CLI measurement. 
· One of the timing among Alt 1 and Alt 2 can be supported.
Proposal 3: UL symbol muting can be considered for UE-to-UE CLI measurement to avoid the interference. 
Proposal 4: A UE can be configured to maintain two UL transmit timings, one applied to slots without cross-link interference and one applied to slots with cross-link interference.
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