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1 Introduction

The RAN1 NR Ad Hoc #2 meeting agreed the following for NR CLI management [1]:
Agreements:

· For CLI management, support UE-to-UE interference measurement and reporting without the introduction of new RS(s)
Agreements:

· For UE-to-UE interference, support CLI measurement metrics which include at least one of

· RSRP for the purpose of CLI

· FFS the definition (e.g., based on SRS, DM-RS, etc.) and the corresponding reporting

· RSSI for the purpose of CLI

· FFS the definition (e.g., resources for the measurement) and the corresponding reporting

· For UE-to-UE interference, FFS additionally support CQI/CSI as the CLI measurement metrics and if so, its definition/reporting

This means that UE-to-UE interference measurement will be based on the current NR reference signal (RS) framework.
2 Discussions
In dynamic TDD, UE-UE CLI occurs when different TRPs have opposite downlink/uplink (DL/UL) configurations in a subframe. An example is shown in Figure 1, where TRP1 is operating in UL and TRP2 is operating in DL respectively. The interfering UE in TRP1 is causing interference to the desired UE in TRP2. The level of interference can be significant when these two UEs are close to each other. Assume that the channel between the interfering UE and the desired UE is hi. If the desired UE has certain knowledge of hi, then it can use advanced receiver algorithms trying to suppress interference signal. It is difficult for the desired UE to have any knowledge about hi when TRP1 and TRP2 are not coordinated. However, if TRP1 and TRP2 are coordinated, i.e., certain information is allowed to be exchanged via backhaul, it is possible for the desired UE to obtain certain knowledge about hi. 
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    Figure 1: Diagram of UE-UE CLI mitigation
When the interfering UE is sending an UL signal to TRP1, it needs to transmit UL DMRS with data for TRP1 to decode. The desired UE will have certain resource elements (REs) contaminated by the UL DMRS of the interfering UE. If the time-frequency locations of the UL DMRS of the interfering UE are known to TRP2, then TRP2 can assign ZP CSI-RSs (CSI-IMs), which partially overlap with the UL DMRS REs, to the desired UE for interference channel measurement. Figure 2 depicts an example of potential NR UL DMRS and the assigned NR ZP CSI-RS. After measuring the interference channel, e.g., second-order statistics or complex coefficients, the desired UE can perform advanced receiver algorithms to suppress the interference.
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    Figure 2: Examples of UL DMRS RE map and ZP CSI-RS RE map for UE-UE CLI measurement
A complete procedure of UE-UE CLI mitigation with network coordination is illustrated in Figure 3. TRP1 sends the UL DMRS configuration of the interfering UE to TRP2 via backhaul. This configuration can include the time-frequency locations of the UL DMRS, cyclic shift of the UL DMRS sequence, orthogonal sequence, group number, base sequence number, etc. Upon receiver the configuration, TRP2 can then assign ZP CSI-RS resources to the desired UE for interference channel measurement. The desired UE can operate in a fully transparent manner, i.e., treating the UE-UE CLI as interference from another TRP. The desired can also optionally operate in a non-transparent way, trying to estimate the complex coefficients of the UL DMRS channel. This needs to be supported by TRP2 sending UL DMRS configuration of the interfering UE to the desired UE via high layer signallings. Finally, the desired UE receives the DL signal with advanced receivers and the knowledge of interference channel. It should be noticed that the instant exchange of scheduling information and UL DMRS configurations among TRPs may require backhaul with low latency. The impact of backhaul latency should be taken into consideration when designing CLI measurement with network coordination.
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Figure 3: Procedure of UE-UE CLI mitigation with network coordination
It may be argued that even if low-latency backhaul is deployed, CLI mitigation with UL DMRS may still be limited because different UEs can be scheduled on those physical resource blocks (PRBs) in different TTIs. A new SID has been proposed in [2] that backhaul links between ordinary TRP and relay TRP (rTRP) can be multiplexed in access links as shown in Figure 4. The resource allocation for these backhaul links can be more stable than normal access links from UEs. The interference from rTRP to a UE can be larger since rTRP has higher transmission power. It is essential for the UE to have measurement via UL DMRS to have better mitigation on rTRP-UE CLI. A CLI mitigation framework with UL DMRS can be generalized to handle rTRP-UE interference in the near term future.
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Figure 4: Diagram of rTRP-UE CLI in integrated access backhaul (IAB)
Besides UL DMRS, UL SRS is another option for UE-UE CLI measurement as shown in Figure 5. As UL SRS can be configured periodically, the desired UE can monitor potential interference regularly. A difference between UE-UE CLI measurement via DMRS and SRS is that SRS may not be precoded as the UL data. This may not be as accurate as the measurement via DMRS. However, measurement via SRS does not need instant information exchange among coordinated TRPs, which relaxes requirements on backhaul links.
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    Figure 5: Examples of UL SRS RE map and ZP CSI-RS RE map for UE-UE CLI measurement
Proposal 1: Both UL DMRS based and UL SRS based CLI mitigation should be supported.

Regarding the contents of the measurement, it would be beneficial to be consistent with the network coordination framework. RSRP was used in the decision on CoMP sets [3][4] and can be generalized for CLI mitigation. Therefore, RSRP can be the baseline for CLI measurement.
Proposal 2: RSRP for the purpose of CLI can be used as the baseline.

3 Specification impact

To support UE-UE CLI mitigation with network coordination, NR should allow coordinated TRPs to exchange dynamic TDD subframe settings and UL DMRS/SRS configurations mutually. Also, the design of UL DMRS/SRS and NR CSI-RS should not be decoupled. RAN1 should jointly consider their details
Proposal 3: Exchange of dynamic TDD subframe settings and UL DMRS/SRS configurations among coordinated TRPs should be supported.
Proposal 4: RAN1 should jointly consider details of UL DMRS/SRS and CSI-RS design.
The decoupling of reporting setting and resource setting in the NR CSI-RS framework provides sufficient flexibility to adapt to potential locations of the UL DMRS/SRS. UE-UE CLI mitigation with network coordination can be supported by configuring certain ZP CSI RS REs to overlap with UL DMRS/SRS REs. In the case, the impact to the desired UE is minimum as it can treat the UE-UE CLI as the interference from another TRP.
Proposal 5: ZP CSI-RS resource configurations with REs overlapping with UL DMRS/SRS REs should be supported in the NR CSI-RS framework design.
4 Conclusions
This contribution provides discussions on UE-UE CLI mitigation with network coordination. To conclude, we have the following proposals.
Proposal 1: Both UL DMRS based and UL SRS based CLI mitigation should be supported.
Proposal 2: RSRP for the purpose of CLI can be used as the baseline.
Proposal 3: Exchange of dynamic TDD subframe settings and UL DMRS/SRS configurations among coordinated TRPs should be supported.
Proposal 4: RAN1 should jointly consider details of UL DMRS/SRS and CSI-RS design.
Proposal 5: ZP CSI-RS resource configurations with REs overlapping with UL DMRS/SRS REs should be supported in the NR CSI-RS framework design.
5 References

[1] RAN1 NR Ad Hoc #2, Chairman’s Notes, June 2017. 
[2] RP-170821, New SID Proposal: Study on Integrated Access and Backhaul for NR, Mar. 2017.
[3] TR 36.819, Coordinated multi-point operation for LTE physical layer aspects, V11.1.0, Dec. 2011.

[4] R1-1611951, System level evaluation results for non-coherent JT, Intel, Nov. 2016.

1/5

