3GPP TSG RAN WG1 Meeting NR Ad Hoc #3

       R1-1716034
Nagoya, Japan, 18th – 21st September 2017

Agenda item:
6.5.1
Source:
Samsung
Title:

Discussion on UE-to-UE cross-link interference management and measurement
Document for:
Discussion
1 Introduction

The RAN1 #90 meeting agreed the following for NR CLI management [1]:
Agreements:

· Definitions of metrics for CLI:

· SRS-RSRP:

· Linear average of the power contributions of the SRS to be measured over the configured resource elements within the considered measurement frequency bandwidth in the time resources in the configured measurement occasions

· RSSI:

· The linear average of the total received power observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over the configured resource elements for measurement by the UE

· 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

· To conclude whether or not to down-select the above two approaches in the next meeting

This contribution discusses the two metrics for CLI measurement.
2 Discussions
The issue of cross-link interference as a result of dynamic TDD or uncoordinated TDD have been discussed extensively. CLI issues were studied for LTE eIMTA and certain mitigation techniques were standardized, including semi-static adaptive configurations of fixed and flexible subframe sets (maximum rate of once every 10ms), and subframe set specific UL power control and DL CSI measurement. NR is expected to support deployment scenarios supported by LTE, hence the techniques standardized for LTE eIMTA should naturally be the starting point for NR, particularly for the scenarios where the transmission direction of time resources is still changing semi-statically over time. 

When the transmission direction of time resources can dynamically change over time, further enhancement would be beneficial to handle the resulting dynamic CLI and network coordination will remain an important tool for NR. CLI generally depends on the scheduler decision and UE locations. A possible approach to mitigate CLI is to identify the victim and the aggressor nodes, and subsequently schedule the transmission/reception activities of either the victims or the aggressors nodes (or both) in protected time resources (NR fixed time resources) with semi-statically configured transmission direction (analogous to the fixed subframe for eIMTA) and the rest in non-protected time resource (NR flexible time resources) where transmission direction can dynamically change (analogous to the flexible subframe for eIMTA). The set of NR fixed time resources and NR flexible time resources can be coordinated among the gNBs in a semi-static manner.

To achieve efficient CLI mitigation, RSSI and RSRP have been proposed as metrics. There is a tradeoff between choosing RSSI or RSRP for CLI measurement. RSSI can only provide coarser CLI estimation than RSRP. Also, with RSSI for CLI measurement, the victim UE needs more blank REs in an OFDM symbol for RSSI measurement because the total power of data and reference signal needs to be measured, while RSRP measurement only needs REs with reference signal to be blanked. This results in large resource wastage in RSSI measurement. However, RSSI measurement requires minimum configuration information, which reduces the signalling overhead. For RSRP, the victim UE only needs to measure signals on REs with reference signal of the aggressor, other REs in the same OFDM symbol can still be used for data transmission. However, more signalling may be needed in RSRP measurement from the TRP as the TRP needs to inform the victim UE which specific REs are for CLI measurement, while TRP needs only to indicate the OFDM symbol (and potentially bandwidth) to the victim UE for RSSI measurement. It should be noticed that either way needs certain coordination between the victim UE’s attached TRP and the aggressor’s attached TRP, e.g., exchanging the subframe format, reference signal configurations, and scheduling information.
Observation 1: Certain coordination between the victim UE’s attached TRP and the aggressor’s attached TRP is needed for CLI measurement/mitigation.
As a result, it would be more useful to discuss CLI mitigation in the context of network coordination. 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.
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    Figure 2: Examples of UL DMRS RE map and ZP CSI-RS RE map for UE-UE CLI measurement
Besides UL DMRS, UL SRS is another option for UE-UE CLI measurement as shown in Figure 3. 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 3: Examples of UL SRS 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 4. UL DMRS is used as an example in Figure 4, the same procedure can be applied to SRS. 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 4: Procedure of UE-UE CLI mitigation with network coordination
From Figure 2 and Figure 3, it can be observed that CLI measurement via RSRP naturally fits in the network coordination framework, where the aggressor can be regarded as another interfering TRP to the victim UE. Also, RSRP measurement and reporting has been agreed to be supported within the CSI framework and can be metric to configure in the reporting setting for CLI measurement. Therefore, RSRP should be supported for CLI measurement.
Proposal 1: RSRP should be supported for CLI measurement.

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 5. 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.
[image: image8.png]



Figure 5: Diagram of rTRP-UE CLI in integrated access backhaul (IAB)
Proposal 2: Both UL DMRS based and UL SRS based CLI mitigation should be supported.

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.

Another potential specification impact for CLI mitigation is the support of identification of victim and aggressor nodes. Since the network will know the exact resources that the UE used to produce a measurement result, it would possible to some extent that through network coordination the network can determine the source of the CLI. For example, if there is a coordination beforehand between two cells that UE A of one cell is schedule to transmit a SRS in a certain resource, the other cell can configure its UE B to measure the SRS resource of UE A and report the interference measurement. If the interference level observed is high, the victim and the aggressor UEs can be identified by the network. Likewise, identification of victim and aggressor BSs can be done through network coordination of measurement resources and measurement at a potential victim BS. 

Observation 2: Identification of victim and aggressor CLI source can be done through network coordination of measurement resources and measurement at the potential victim node.
4 Conclusions
This contribution provides discussions on UE-UE CLI mitigation with network coordination. To conclude, we have the following observations and proposals.

Observation 1: Certain coordination between the victim UE’s attached TRP and the aggressor’s attached TRP is needed for CLI measurement/mitigation.
Proposal 1: RSRP should be supported for CLI measurement.
Proposal 2: Both UL DMRS based and UL SRS based CLI mitigation should be supported.
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.
Observation 2: Identification of victim and aggressor CLI source can be done through network coordination of measurement resources and measurement at the potential victim node.
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