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Introduction
In this contribution, we discuss signal transmission and measurement for UE-to-UE cross link interference (CLI).
Background
In RAN1 AdHoc 1901, a few agreements were made on UE-to-UE CLI measurement. A high-level summary of these agreements is
· Both SRS-RSRP and RSSI measurements are supported.
· CLI measurement is a L3 measurement mechanism. It is up to RAN2 to define the signalling.
· There will be UE capability discussion on whether one or both of SRS-RSRP and RSSI measurements are simultaneously performed by the UE.
· The maximum number of SRS resources to be measured for CLI in a slot is 8 and the maximum total number of SRS resources to be measured in all slots is [32]
· CLI measurement only supports the same SCS between SRS transmitter and receiver for SRS-RSRP.
· Dedicated closed-loop timing adjustment or dedicated time tracking loop is not required for CLI measurement.
In this paper, we will discuss the remaining issues for Rel. 16 CLI measurement including
· CLI design for UE UL.
· Timing for the transmitter and receiver.
· Guard period for measurement.
· Rate matching at the receiver.
In our opinion, the thumb rule for the remaining Rel. 16 CLI issues is to achieve the basic CLI measurement functionality with minimum impact to the UE.
Design Transparent to UE UL
As agreed in RAN1 AdHoc 1901, SRS-RSRP measurement is supported for Rel. 16 CLI. This requires the UE to demodulate a new reference signal based on the Zadoff-Chu sequence. This means the DL implementation of the UE must be changed. On the UL side, there is no need to introduce any new design for SRS transmission for CLI. In particular, 
· SRS transmission for CLI will not have a specific “usage”.
· SRS transmission for CLI will use the same UL TA as that for the regular UL symbol in the slot.
· SRS transmission for CLI will be configured based on existing SRS configuration mechanism.
As a result, a UE won’t even know whether the configured SRS is for CLI or not. 
There are obvious benefits to have the UL transparent design. First, a new UL transmission scheme would require new RF test and potentially new design efforts for both RAN1 and RAN4. In addition, since the transmitter and receiver are both UEs, a design at the transmitter can have an equivalent design at the receiver. For example, CLI SRS transmission based on DL timing (i.e., with zero TA) at the transmitter is equivalent to SRS reception based on regular UL symbol timing at the receiver. We will discuss this in more details in the next section. In this sense, it is much preferable to limit the impact only to DL of the UE.
For SRS-RSRP measurement, it is not desirable to have a dynamically configured SRS transmission because of the large overhead to exchange the dynamic configuration between gNBs. In addition, due to the large latency in the information exchange, by the time the dynamic configuration is received by another cell, the receiver UE may have already missed the measurement occasion.
[bookmark: p3_1]Proposal 1: Design for CLI measurement is transparent to the UL of the UE that is measured by another UE. 
[bookmark: p3_2][bookmark: _Hlk863482]Proposal 2: Dynamic configuration of SRS transmission for CLI is not supported as a basic UE feature.
	Agreement
For SRS-RSRP:
· The number of SRS to be monitored by the UE should not exceed 8 within a slot
· Network may configure more than 8 SRSs over different slots
· The total number of SRSs to be monitored by a UE should not exceed [32]
· UE is not required to measure SRS using different SCS compared to the downlink active BWP SCS of the same carrier


It was agreed in RAN1 AdHoc 1901 that the total number of SRSs to be monitored by a UE should not exceed [32]. The maximum total number of SRSs to be monitored by the UE should be at least 8. The exact maximum total number of SRSs to be monitored by the UE can be determined by the UE capability.
[bookmark: p3_3]Proposal 3: The maximum total number of SRSs to be monitored by the UE is not less than 8. The exact maximum total number of SRSs to be monitored by the UE is the determined by UE capability.
Configuration of RSSI Measurement
As the agreement in RAN1 AdHoc 1901, L3 RSSI is agreed to be used for CLI measurement. According to current definition in TS 38.215 as below, RSSI is only performed at the whole active bandwidth on certain symbols. 
Table 5.1.3-1: NR Carrier RSSI measurement symbols (TS 38.215)
	OFDM signal indication endSymbol
	Symbol indexes

	 
	 

	0
	{0,1}

	1
	{0,1,2,..,10,11}

	2
	{0,1,2,…, 5}

	3
	{0,1,2,…, 7}



To further simplify the measurement and configuration, we propose 
· the measurement to be performed on contiguous PRBs at frequency domain and contiguous symbols on time domain
· the configuration is RRC configuration which is consistent with the L3 RSSI agreement

[bookmark: p4_0]Proposal 4: CLI-RSSI measurement is to be performed on contiguous PRBs at frequency domain and contiguous symbols on time domain and the configuration is RRC configuration which is consistent with the L3 RSSI agreement.
The sub-band CLI-RSSI measurement allows a frequency domain multiplexing reception of multiple CLI-RSSIs. However, there is no fine timing adjustment due to the lack of a dedicated reference signal for CLI-RSSI and also this fine timing adjustment is not required for CLI in general. Therefore, energy of a strong CLI-RSSI can leak into the bandwidth of another CLI-RSSI or the bandwidth of regular DL signals. In order to avoid such a problem, network needs to specify the symbol boundary for sub-band CLI-RSSI measurement.
[bookmark: p4_2]Proposal 5: If sub-band CLI-RSSI measurement is configured, the measurement symbol boundary has to be specified.
Timing
In a typical CLI scenario, UL transmission of a cell edge UE1 (see Figure 1) of one cell interferes with the DL reception of another cell edge UE2 of a second cell. The prorogation delay to their gNBs, T1 and T2 are in general not the same. Therefore, the SRS transmitted by the UE1 may experience a random delay when it arrives at the UE2. In addition, when the same SRS is transmitted in a UE-group specific mode, timing of these SRS copies is not aligned at the receiver UE. The ideal solution of this timing mis-alignment is to let the receiver UE send some timing advance command to each of the transmitters in a similar way to the UL TA mechanism. However, this was disallowed by the following agreement.
	Agreement
For SRS-RSRP:
· The UE is not required to perform time tracking or time adjustment other than a constant offset relative to its own DL timing in order to perform SRS-RSRP measurement
· FFS: Details on how the constant offset is derived by the UE. The constant offset of 0 is not precluded.
· FFS: Whether or not to have measurement accuracy relaxation
· FFS: Timing for the transmission point of view


 

 
[bookmark: _Ref965239]Figure 1: Timing relationship for CLI SRS.
One thing not very clear about the agreement is what a “constant offset” is. The constant offset should mean that there is no dedicated timing adjustment mechanism purely based on the processing of the CLI SRS. While, there could be a timing adjustment for CLI SRS transmission and reception that is derived from the existing timing mechanism. Due to the randomness of SRS propagation as we discussed above, there is not a general approach to fully eliminate the timing alignment unless some dedicated mechanism is used. However, under certain conditions, there exists a more determined solution.
Under the following conditions:
· Distance from each UE to its serving gNB is the same (i.e., T1=T2) so that the transmitter and receiver UEs are time aligned
· Distance between transmitter and receiver is negligible 
the SRS tranmit and receive time can be determined by
· Method 1: SRS transmission uses the timing of DL symbols, i.e., zero timing advance at the transmitter
· Method 2: SRS reception uses the timing of UL symbols at the receiver UE
These two methods are equivalent. As discussed in the previous section, method 2 is more preferable because it limits the impact of CLI design only to UE DL and makes CLI design UE UL transparent. Certainly, this requires less design and testing efforts in comparison to method 1 which has impact to both UE UL and DL. 
It should be noted that no timing mechanism is guaranteed to work perfectly for CLI SRS unless the timing adjustment is based on the received SRS which is not required to the receiver according to the above agreement. Therefore, although RAN4 may define the SRS-RSRP measurement accuracy based on a specific timing scheme, there is no need to force such an imperfect timing mechanism to the receiver in the standard. In other words, timing for CLI SRS reception is up to UE implementation.
[bookmark: p4_1]Proposal 6: When CLI SRS is transmitted from a UE, the TA value applied to the corresponding UL symbol is the same as the latest TA for regular UL symbols transmitted to the gNB. When CLI SRS is received by a UE, timing to receive the SRS is up to UE implementation. 


Figure 2: Timing relationship for CLI SRS transmission and reception.
Guard Period for SRS Reception
If the transmit timing of CLI SRS is different than the UL timing of the regular UL symbol, there could be collision between the transmitted CLI SRS symbol and the adjacent regular UL symbol. Similarly, if the receive timing of CLI SRS is different than the DL timing of the regular DL symbol, there could be collision between the received CLI SRS symbol and its adjacent regular DL symbol. It is preferable to have a transmit timing of CLI SRS same as that of the regular UL symbol. Therefore, we will only focus on the discussion of the latter case. The same discussion applies to the former case if “transmit” is replaced by “received” and “UL” is replaced by “DL”.
As shown in the following figures, if the reception of the CLI SRS uses a timing other than the DL timing for the regular DL symbol, the SRS symbol crosses the boundary between two adjacent regular DL symbols. In this case, concurrent reception of DL channels (e.g., PDSCH, PDCCH) and the CLI SRS that have different timing is hard to the UE. Besides, the partial overlap results in non-orthogonality between DL channels and the SRS which causes interference to DL channels. Therefore, network should avoid such a partial overlapping condition that only increases the UE processing burden and causes performance degradation.
[bookmark: _GoBack]There was some discussion in RAN1 AdHoc 1901 about potential collision between the CLI SRS and the SSB broadcast in a cell where the CLI SRS is measured. In a real network, SSB should be transmitted in a “common” DL symbol across cells to facilitate the acquisition of SSB for handover purpose. There is no need to optimize the CLI SRS design for SSB.


 
Figure 3: Timing for CLI SRS reception.
[bookmark: p5_1]Proposal 7: Network should not schedule PDSCH or PDCCH including the associated DMRS to a UE in symbols that overlap in time with the received SRS symbol for CLI. 
Rate Matching at Receiver
In the last section, we have discussed the scenario where an CLI SRS symbol crosses the boundary of two regular DL symbols, the network should not schedule PDSCH or PDCCH in these DL symbols. The discussion assumes that the receive timing of the SRS is different than the DL timing of the regular DL symbols. It is worth noting that the discussion is general enough because without a dedicated closed loop timing adjustment mechanism (similar to timing advance), the CLI SRS symbol cannot be guaranteed to arrive at the boundary of the regular DL symbol. Although it is not discussed, it can be assumed that no dedicated frequency correction mechanism is required at the receiver either. Then frequency error of the SRS symbols is also inevitable. Both the timing and frequency errors can cause interference to the regular DL channel due to the loss of orthogonality even though SRS are transmitted over different resource elements than the DL channel. Therefore, RE level rate matching of PDSCH around CLI SRS is not feasible. In addition, due to the uncontrollable timing misalignment between CLI SRS and the PDSCH, RB level rate matching still has the partial overlap problem as discussed previously and therefore should not be supported either.
[bookmark: p6_1]Proposal 8: Neither RE level nor RB level rate matching (i.e., FDM) of PDSCH around CLI SRS is supported at the UE that receives the CLI SRS in any symbol including the guard period. 
Conclusions 
In this contribution, we discussed signal transmission and measurement for UE-to-UE CLI. We have made the following proposals:
Proposal 1: Design for CLI measurement is transparent to the UL of the UE that is measured by another UE. 
Proposal 2: Dynamic configuration of SRS transmission for CLI is not supported as a basic UE feature.
Proposal 3: The maximum total number of SRSs to be monitored by the UE is not less than 8. The exact maximum total number of SRSs to be monitored by the UE is the determined by UE capability.
Proposal 4: CLI-RSSI measurement is to be performed on contiguous PRBs at frequency domain and contiguous symbols on time domain and the configuration is RRC configuration which is consistent with the L3 RSSI agreement.
Proposal 5: If sub-band CLI-RSSI measurement is configured, the measurement symbol boundary has to be specified.
Proposal 6: When CLI SRS is transmitted from a UE, the TA value applied to the corresponding UL symbol is the same as the latest TA for regular UL symbols transmitted to the gNB. When CLI SRS is received by a UE, timing to receive the SRS is up to UE implementation. 
Proposal 7: Network should not schedule PDSCH or PDCCH including the associated DMRS to a UE in symbols that overlap in time with the received SRS symbol for CLI. 
Proposal 8: Neither RE level nor RB level rate matching (i.e., FDM) of PDSCH around CLI SRS is supported at the UE that receives the CLI SRS in any symbol including the guard period. 
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