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1. [bookmark: _Toc474161164][bookmark: _Toc481502095]Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In RAN1 #86bis, the following conclusions were drawn on resource assignment and interference handling:

· Continue study considering some or all of the following aspects:
· Deployment scenarios/bands, same-/cross-operator considerations
· Resource assignments and rate adaptations
· Frame structure and HARQ/scheduling timing
· Measurements for cross-link interference management
· Signalling (e.g., OTA, backhaul, UE capability, etc.)
· Cross-link interference management (IC/IS, power control, etc.)
· Centralized vs. distributed interference/resource management
· Beamforming/MIMO
· Duplex modes (e.g., FDD/TDD, FDM/TDM, etc.)
· Latency reduction
· Whether or not LTE interference/resource management can be used as a starting point (as applicable)
· Sensing
· RS design
· Advanced receiver
· Timing alignment between DL and UL 

In RAN1 #87, the following agreements were reached:

Agreements:
· At least following schemes are identified to be further studied aiming to mitigate cross-link interference with and without the assumption on inter-cell coordination:
· Advanced receiver for interference cancellation/suppression 
· RS design (e.g. symmetric RS) and timing alignment between DL and UL 
· Sensing/measurement scheme (e.g. LBT-like, OTA measurement if any, etc.)
· Power control and coordinated schemes (e.g. coordinated beamforming/scheduling, OTA signalling if any, etc.)
· Link adaptation
· Strive for common cross-link interference mitigation schemes for both paired and unpaired spectrum.
· For further study of measurements of cross link interference (CLI), aim for (if possible) reusing a physical reference signal used for other purposes 
· The need to enable CLI measurement should be taken into account when designing the RS which is also to be used for CLI measurement
· Study metric(s) to be used for CLI measurement, e.g., RSRP
· Physical reference signal used for CLI measurement aim for the same type for DL & UL (e.g. DM-RS type, CSI-RS type, etc.)
· To support CLI measurement, RS of a UE or a TRP aim to be received by another UE or another TRP 

In RAN1 #88bis, 

Agreements:
· For cross link interference mitigation, 
· Further consider UE-UE measurement and reporting, and TRP-TRP measurement
· Details FFS, including at least the RS for measurement, the metric for measurement (e.g., RSRP), long-term vs. short-term, etc., especially considering consistency with other NR topics
· Aim in RAN1#89 to come up with detailed option(s) including potential down-selecting from the list concluded from the SI
· Once the detailed option(s) is available, decide whether or to support this feature 
· For the case of TRP-TRP measurement, study whether or not there is additional RAN1 specification impact
· Further consider other aspects, e.g., power control, sensing, timing related handling, etc.



In [2-4, 6-8], we provided our views on interference management. In this contribution, we provide our views based on the agreements from RAN1 88bis.


2. [bookmark: _Toc481502096][bookmark: OLE_LINK259][bookmark: OLE_LINK260][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK40][bookmark: OLE_LINK258][bookmark: OLE_LINK261][bookmark: OLE_LINK262]A phased approach for NR CLI mitigation
In LTE, cellular communications with fixed spectrum usage (i.e. FDD & TDD) have been supported from Rel-8.  In later releases, eIMTA and D2D were introduced, each of them has introduced new interference scenarios not seen in cellular communications. 

In the life span of NR, it is expected that access links including both uplink & downlink, backhaul links and sidelinks can eventually be supported on the same spectrum. While various schemes such as FDM, TDM, etc can be used to assign orthogonal resources to different link types to mitigate negative impacts among them; it is still probably too early to tell whether that is the best strategy in terms of system performance and design. From the study on dynamic TDD/flexible duplexing, many evaluations have revealed dynamic TDD brings considerable throughput gains over fixed TDD. Hence the evidence we have had so far leads to the observation that non-orthogonal resource utilization among link types may be better than orthogonal resource utilization. Of course, cross-link interference also arises with non-orthogonal resource utilization among link types. 

We have 
Observation 1: in the life span of NR, downlink access link, uplink access link, backhaul link and sidelinks may be supported at the same spectrum.
Observation 2: Evaluations on dynamic TDD have revealed non-orthogonal resource utilization among link types may be better than orthogonal resource utilization.  Cross-link interference also arises with non-orthogonal resource utilization among link types. 

During the study item stage, many CLI mitigation schemes were proposed [9]. Due to the heavy load of NR WI, perhaps a phased approach can be taken in defining CLI mitigation technologies in NR.

In Phase I, we can consider the specification of:
· [bookmark: _GoBack]UE-UE CLI measurement for both long term (network coordination) & short term (CSI acquisition and LBT).  For long term CLI measurements, a UE can report the measured CLI RSRP to its serving cell. Its serving cell can decide to put the UE on flexible slots which can experience CLI or non-flexible slots which are protected from CLI. Its serving cell can also exchange the measured CLI RSRP with other cells, so appropriate scheduling decisions at other cells can be taken to mitigate CLI effects in the network. For short term CLI measurements, CLI can be captured in some way in a UE’s CSI report e.g. as some transmission hypotheses so the network can make  scheduling decisions based on them and other transmission hypotheses (e.g. single cell transmission without CLI, CoMP transmission without CLI).  The UE-UE CLI measurement’s preferred features include:
· Forward compatibility. UE-UE CLI measurements should support network coordination in dynamic TDD as in eIMTA and also distributed coordination to address the need of D2D.
· Flexible Tx/Rx positions of SRS. Flexible Tx/Rx positions of SRS to address the mutual hearablity problem so UE-UE CLI measurements can be conducted efficiently. 
· If possible, a common design between CSI-RS and SRS. Currently there have been discussions in the CSI related agenda items on interference measurement. First if SRS can take the REs as those taken by CSI-RS, then it is possible to configure IMRs at UE 1 which overlap with the SRS transmission from UE 2. The network can control the IMR configuration and the signals/channels observed in IMR to derive CSI for different scheduling hypotheses, for example Hypothesis 1 is for CLI-free single cell transmission; Hypothesis 2 is for CLI-free CoMP transmission; Hypothesis 3 is for transmission with CLI, etc. We note in this case, the UE making the CSI measurement does not need to know the signal design of the SRS; as interference covariance matrix can be formed from IMRs without knowing that.  If NZP CSI-RS can be used for interference measurement, and the SRS design happens to share the same/similar design as CSI-RS, then it is possible to define a common resource pool for SRS and CSI-RS. And from a UE’s point of view, the differentiation of conventional interference and CLI may not be necessary (in another word interference measurement is interference type agnostic). And SRS and CSI-RS can be both used for interference measurement. To make estimation of interfering signals of various types ( e.g. from CSI-RS and SRS) interference type agnostic, it may be desirable to have a common signal design for CSI-RS and SRS. Note if this is realized, when D2D is introduced in NR, the additional specification work to mitigate interference can be much less, e.g. as interference measurement is interference-type agnostic, no special handling of D2D interference/mitigation may be necessary.
· Forward compatible design for busy signal insertion: 
In the NR design, the end of control region does not automatically leads to the start of data. The control signaling design should leave enough flexibility to allow a “busy signal” and necessary TX-RX/RX-TX transition time to be insert between downlink control and downlink data, and downlink control and uplink data/control
· UL DMRS/DL DMRS unified scrambling 
· The UL DMRS and DL DMRS ideally should be the same or similar to reduce UE implementation complexity when advanced UE receivers are used for CLI suppression/cancellation.

We have 
Proposal: strive for a common design between SRS and CSI-RS.

In previous meetings, we have presented our proposals on OTA signaling.
OTA signaling is expected to be useful for the following scenarios:
1. Deployment with non-ideal backhaul
2. Shared spectrum deployment for the CBRS band (the 3.5GHz band in US)
3. Unlicensed spectrum access

In Phase II, we can consider the specification of:
· OTA signaling to exchange information among gNBs
· Its Enabler technologies include
· Mini-slot design to enable multiple Tx and Rx opportunities within a slot
· Some kind of relaying function can be also defined to allow a configured UE to transmit received information from gNB in the uplink, so other base stations can sniff the uplink transmission. 


3. [bookmark: _Toc474161178][bookmark: _Toc481502100]Conclusion
In this contribution, we provide our views on interference management in NR. We have
Observation 1: in the life span of NR, downlink access link, uplink access link, backhaul link and sidelinks may be supported at the same spectrum.
Observation 2: Evaluations on dynamic TDD have revealed non-orthogonal resource utilization among link types may be better than orthogonal resource utilization.  Cross-link interference also arises with non-orthogonal resource utilization among link types. 
Proposal: strive for a common design between SRS and CSI-RS.
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