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1 Introduction

In RAN#75 plenary meeting, a new WID on NR was approved, and the objectives about duplexing can be seen as follows [1]:

· Duplexing identified in Section 5.1 of TR38.802 supported by a PHY design common to paired and unpaired spectrum, including [RAN1, RAN2, RAN3]:

· Enablers for interference management mechanisms for handling cross-link interference.

· Note: down-selection on enablers for interference management mechanisms is to be discussed in RAN1
In 3GPP RAN1#89 meeting, the following agreements and conclusions are further reached [2]:

Agreements:

· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering UE-to-UE interference 

· Details for the enablers, including:

· detailed configurations (RS time/frequency positions, periodicity, # of ports, bandwidth, etc.)

· detailed reporting 

· performance metrics

· long-term and/or short-term

· timing offset considerations

· overhead

· whether or not to identify the aggressor(s)

· whether or not to use the same framework as in MIMO (if so, how)

· Aim to make a decision whether or not to support CLI management using an existing RS covering UE-to-UE interference in the next RAN1 meeting and if so, the details

· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering TRP-to-TRP interference 

Conclusion:

· Study further whether or not at least the following information is provided among gNBs via backhaul signaling: 

· Configurations of reference signal for CLI management, which is transmitted from gNBs

· FFS Details

· Also the connection with TRP-to-TRP measurement

For duplexing flexibility, a dozen candidate of cross-link interference (CLI) mitigation schemes as well as the corresponding enablers and specification impacts are summarized in Table 10.1-1 in TR 38.802 v14.0.0 [3]. For most CLI mitigation schemes enumerated in TR 38.802, such as scheduling/beam coordination, link adaptation, power control and sensing, CLI measurement is the basic prerequisite and the enabler. Thus, a flexible and effective measurement mechanism should be considered to assist these CLI mitigation schemes for NR duplexing flexibility. 

TRP-to-TRP measurement is a key enabler for TRP to support these schemes. In this contribution, we will discuss the details of TRP-to-TRP measurement using an existing RS as an enable for CLI mitigation. For UE-to-UE measurements please refer to companion contribution [4].

2 Discussion on TRP-to-TRP measurement
In NR dense urban scenarios, the UL reception in one TRP can obtain interference by the DL transmission from the neighbour TRPs when TRPs are very close and have high probability of LOS to each other. Especially, if multiple TRPs are deployed in an intra-site, then larger CLI will occur when the TRPs have different transmission directions. Another possible scenario with high CLI is when one TRP has a larger DL power allocation. For instance, TRPs are distributed in a heterogeneous network with the same frequency. One of the TRPs can be deployed as a macro cell that is mainly used to guarantee coverage and mobility, thus its DL transmission power would be generally higher. The other TRPs can be deployed as a small cell nodes used in hot spots or to fill the coverage holes. When macro cell is sending the DL data, it will cause a serious CLI to the UL reception of the small cells. In order to better support CLI mitigation schemes for eliminating TRP-to-TRP interference, TRP-to-TRP measurement should be considered. 
For TRP-to-TRP measurement, at least two types of cross-link measurement need to be considered to measure the CLI level and/or identify aggressors: RSRP/RSSI and CQI/CSI measurement for the purpose of CLI management.

2.1 RSRP/RSSI for the purpose of CLI management
2.1.1 Definition
· RSRP
Reference Signal Received Power (RSRP) is a typical type of statistical measurement in LTE, which can reflect the channel state of large scale property and path-loss between the UE and the eNB. Naturally, RSRP measurement should be considered as a CLI measurement metric in TRP side in NR duplexing, by which the measurement TRP can know the information of path-loss and CLI level between neighbour TRPs. The scale of path-loss can indirectly reflect CLI level between the two TRPs if they have different transmission directions. If the CLI level is above threshold value, then the two cells would need to keep the same transmission direction through coordination, or perform CLI mitigation schemes such as channel sensing-based scheme or scheduling coordination. 

The legacy measurement in LTE only support RRM measurements in the UE side, such as RSRP based on cell-specific reference signal (CRS), CSI-RSRP based on CSI-RS in discovery reference signal (DRS) and so forth. As discussed above, the CLI level between the TRPs in NR can be quantified by RSRP via TRP-TRP measurement. In this type of measurement, the measurement executor is TRP.
Similar to the definition of RSRP in LTE, RSRP for the purpose of CLI measurement in TRP side can be defined as the linear average over the power contributions of the resource elements that carry CLI measurement RS within the considered measurement frequency bandwidth. CLI measurement RS should reuse the existing UL RS in discussion as much as possible, e.g. NR CSI-RS/DMRS, in which CSI-RS is preferred.

· RSSI
LTE Received Signal Strength Indicator (RSSI) is obtained by the UE measuring from all resources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. In duplexing flexibility, RSSI for the purpose of CLI management can be used by the TRP to determine whether the allocation of DL/UL subframe/slot is appropriate. Furthermore, RSSI can be considered to measure all the cross-link interference that the TRP suffers. If it exceeds a threshold value or meets a measurement event, it will trigger TRP or UE to perform CLI mitigation schemes.

The definition of RSSI for the purpose of CLI measurement in TRP side can differ greatly from LTE RSSI. RSSI for CLI measurement can be defined as the sum of RSRPs for CLI measured in all measurement resources carrying on the CSI-RSs from the TRPs in the neighbour cells. Such definition is to distinguish aggressors and evaluate total CLI level that the TRP suffers. Another possible type of RSSI-CLI definition is that the TRP does not need to identify each CLI measurement source (e.g. each CLI measured comes from one TRP source), and only need to distinguish the interference type and measure all the measurement resources carrying the CSI-RSs.

· One-shot RSRP/RSSI

One-shot RSRP/RSSI for the purpose of CLI management can be taken as a special case of above RSRP/RSSI, by which the TRP can quickly determine whether there is any CLI and whether the CLI threshold value exceeds the pre-setting threshold value at present. It does not need to be statistically averaged over a long period e.g. hundreds of milliseconds. The above measurement results can be obtained only relying on single CSI-RS occasion e.g. two or four OFDM symbols in a measurement slot. 
By using one-shot RSRP/RSSI CLI measurement metric in NR duplexing, the TRP can also obtain some information, e.g. TRP can identify the aggressors or distinguish CLI/non-CLI type. This information can be used for performing CLI mitigation schemes more effectively. The transmitter or receiver in a cell transmits the measurement signal prior to or during the data transmission, in order for the other devices to perform one-shot RSRP/RSSI measurement before transmission, if they are scheduled. Whether/How to transmit depends on the results of one-shot RSRP/RSSI measurement. The measurement signals for one-shot RSRP/RSSI can reuse the RS used for other purposes as much as possible such as SRS or DMRS. For the details please refer to channel sensing-based scheme in companion contribution [5].
2.1.2 Measurement signal

RAN1 has agreed CSI-RS can be used in addition to IDLE mode RS (NR-SSS) for CONNECTED mode RRM measurement for L3 mobility, and can also be used for CSI acquisition. For duplexing flexibility, CSI-RS can be extended naturally to be used for a RSRP/RSSI measurement for CLI management in TRP side. The victim TRP would measure RSRP/ RSSI based on CSI-RS transmitted from the aggressor TRP. Therefore, the TRP needs to have the ability to receive CSI-RS and identity its source and the TRP transmission capability is not affected. 

The CSI-RS used for TRP-to-TRP measurement should reuse the same framework such as sequence, pattern and time/frequency resource configuration of the existing CSI-RS as in MIMO and Mobility Procedure. Most of the agreements on CSI-RS reached in the Mobility Procedure can be reused in TRP-to-TRP measurement, such as periodic CSI-RS transmission with configurable periodicity, configurable transmission/ measurement bandwidth, configurable CSI-RS time/frequency resource, etc.
The number of ports, symbols in a measurement slot, and the size of periodicity depend on the factors, such as the requirement of measurement accuracy, stable channel state between TRPs, RS transmission overhead, and measurement. Too many ports or too small measurement cycles will cause unnecessary measurement overhead since the channel state between TRPs with fixed position and high antenna array altitude is relative stable. The existing configuration of CSI-RS for L3 mobility, beam management and CSI acquisition can cover the requirements of RSRP measurement for the purpose of CLI management. We only need to make some restrictions on values of CSI-RS configuration when performing RSRP measurement for CLI management, which has no impacts on specification and can be solved by implementation.
2.1.3 Measurement configuration and notification

We agree with the conclusion reached in the RAN1#89 meeting in the topic of duplexing: Configurations of reference signal for CLI management, which is transmitted from TRPs, can be provided among TRPs via backhaul signaling. Another option is configurations of TRP-to-TRP measurement can be exchanged among TRPs via backhaul signaling. Configurations of measurement can be the same or as a subset of configurations of RS.

TRP1 can provide CSI-RS transmission/measurement configurations to its neighbor TRP2. Then the TRP1 transmits a CSI-RS in the informed time/frequency resource, and meanwhile the neighbor TRP2 detects the CSI-RS. The neighbor TRP2 can obtain the measurement results and can feedback the measurement results to the TRP via backhaul signaling.

The following configuration of a CSI-RS for CL measurement can be provided to neighbour TRPs via backhaul signalling.

· NR cell ID

· Periodicity and offset

· Antenna ports

· Configurable time/frequency resource 

· Configurable transmission/measurement bandwidth

In order to reduce the complexity of measurement and overhead of signalling exchange, some parameters of TRP-to-TRP measurement can be common for neighbour TRPs. For instance, the measurement periodicity and/or CSI-RS transmission periodicity of different TRPs can be the same, but the offsets can be different. Meanwhile, the approach can also guarantee mutual hear-ability between TRPs. Furthermore, the periodicity of CSI-RS based TRP-to-TRP measurement can be set larger than SRS based UE-to-UE measurement and CSI-RS based RSRP, since the channel state between TRPs is more stable than the channel state between inter-cell UEs and between TRP and UE. A reasonable set of measurement parameters can reduce measurement overhead.
2.2 CSI/CQI for the purpose of CLI management
2.2.1 Definition
Considering duplexing flexibility in NR, it is expected that interference is more fluctuating and unpredictable. Together with multi-beam operation, the interference can come from different beams in different duplexing direction. Therefore, more dynamic/timely interference measurement will be required to cope with such a dynamic interference situation. Cross-link CSI/CQI measurement should be considered for dynamic CLI mitigation schemes. 

At least for CSI acquisition, NR supports CSI-RS and SRS. For TRP-to-TRP CSI/CQI measurement, CSI-RS-based cross-link CSI acquisition and measurement should be considered. CSI-RS-based cross-link CSI/CQI measurement should reuse or refer to the conclusions/agreements generated in the topic of “MIMO-CSI acquisition” (support at least NZP CSI-RS based and ZP SRS based interference measurement) as much as possible. 
2.2.2 Measurement signal

For TRP-to-TRP CSI/CQI measurement, CSI-RS based measurement should be considered. The CSI-RS design can reuse the same framework such as sequence, pattern and time/frequency resource configuration of the existing CSI-RS as in MIMO topic.
Interference measurement discussed in the topic of “MIMO-CSI acquisition” had been agreed that it can be based on the candidates, i.e., ZP CSI-RS, NZP CSI-RS, and DMRS.
NZP CSI-RS and ZP CSI-RS can also be used for CL interference measurement between the neighbour TRPs. Take Figure 1 for example, TRP1 can obtain different interference measurement results through configuring NZP CSI-RS or ZP CSI-RS for TRP2 and TRP3 in the measured resource of TRP1, e.g. the general interference situation including CLI from TRP2 and TRP3 or the interference situation not including CLI from TRP2 and TRP3. In order to make CSI/CQI measurement between TRP1 and TRP2 more accurate, the adjacent TRPs of TRP1 (e.g. TRP3 in Figure 1, not including TRP2) can be muted in the CLI measurement resources of TRP1. The reserved blanking resources are used for TRP1 measurement and are not used for UE1 UL transmission. Therefore, the pattern of the blanking resources should be informed to UE1 for performing rate matching if UE has UL transmission.
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Figure 1: TRP-to-TRP CLI measurements

2.2.3 Measurement configuration and notification

The method and procedures of measurement configuration and notification procedure are the same as those in section 2.1.3. Firstly, the TRP can provide CSI-RS transmission/measurement configurations to its neighbour TRP. Then the TRP transmits a CSI-RS in the informed time/frequency resource, and meanwhile the neighbour TRP detects the CSI-RS. The neighbour TRP can obtain the measurement results e.g. interference matrix and can feedback the measurement results to the TRP via backhaul signaling. Thus, configuration of RS transmission or measurement could be provided among TRPs via backhaul signaling. In addition, configuration of transmission/ measurement should be also informed to the UE associated with the measurement TRP for it performing rate matching or puncture if UE has UL transmission 
Proposal 1: The metrics for TRP-to-TRP CLI measurement should be supported in NR:

· RSRP/RSSI and one-shot RSRP/RSSI for the purpose of CLI management
· CSI/CQI for the purpose of CLI management
Proposal 2: Support CSI-RS including NZP CSI-RS and ZP CSI-RS for TRP-to-TRP measurement.
Proposal 3: The RS/measurement configuration and the measurement results for CLI management can be provided among TRPs via backhaul signaling.

Proposal 4: The RS/measurement configuration for TRP-to-TRP measurement could be informed to the UE for it performing rate matching or puncture if the UE has UL transmission
3 Conclusion 

In this contribution, we discussed TRP-to-TRP interference (CLI) measurements, and in addition we provide the following proposals. 
Proposal 1: The metrics for TRP-to-TRP CLI measurement should be supported in NR:

· RSRP/RSSI and one-shot RSRP/RSSI for the purpose of CLI management
· CSI/CQI for the purpose of CLI management
Proposal 2: Support CSI-RS including NZP CSI-RS and ZP CSI-RS for TRP-to-TRP measurement.
Proposal 3: The RS/measurement configuration and the measurement results for CLI management can be provided among TRPs via backhaul signaling.

Proposal 4: The RS/measurement configuration for TRP-to-TRP measurement could be informed to the UE for it performing rate matching or puncture if the UE has UL transmission

4 Reference 

[1] RP-170855, Work Item on New Radio (NR) Access Technology, NTT DoCoMo
[2] Draft  Report of 3GPP TSG RAN WG1 #89 v0.1.0, Hangzhou, China, 15th – 19th May 2017
[3] TR  38.802 V14.0.0, Study on new radio access technology: Physical layer aspects
[4] R1-1712281, “UE-to -UE measurement as an enabler for CLI mitigation schemes”, ZTE
[5] R1-1712282, “Channel sensing based schemes for cross-link interference mitigation in NR”, ZTE
_1559049051.vsd

