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1. Introduction
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 this contribution, we provide our views on interference management in NR.


2. Introduction
In this section, we first review interference management technologies in LTE. Next we high-light some differences between LTE and NR from the recent agreements on NR. 
2.1 Interference management in LTE
In general, we can categorize interference management in LTE into two groups: the first group consists of proactive solutions, whereby the network proactively reduces interference to neighboring cells. ICIC, e-ICIC, CoMP and eCoMP are in this group. The second group consists of reactive solutions, one example is  the IRC receiver with multiple receive antennas  to suppress interference in the spatial domain;   another example is the interference cancellation receiver as in f-eICIC if the interference signal's structure is known. In NAICS, assistance information about neighboring cells is provided to a UE to enable advanced receiver implementations.  
We can also look at interference management schemes by the type of interference they target for: intercell interference as considered in the convention setup and cross-link interference as arisen in eIMTA.
In LTE, ICIC, (f)-eICIC, CoMP and eCoMP have been developed to handle inter-cell interference; cross-link interference has not been targeted in those designs. 
In ICIC, signaling on RNTP (Relative Narrowband Transmit Power), OI (interference Overload Indicator) and HII (high interference Indicator) are signaled over backhaul between eNBs. 
In eICIC, ABS (Almost Blank Subframe) pattern is also signaled through backhaul between eNB.  
In CoMP, ideal backhaul is assumed among coordination cells, e.g. cells collocated at the same site. In eCoMP, non-ideal backhaul is assumed among coordination cells. In the study of eCoMP, it was found when the backhaul latency is large, performance gains become reduced. 
In the SI and WI stages of eIMTA, several schemes were proposed to deal with cross-link interference:

1. Scheme 1: Cell clustering interference mitigation
2. Scheme 2: Scheduling dependent interference mitigation
3. Scheme 3: Interference mitigation based on eICIC/FeICIC schemes
4. Scheme 4: Interference suppressing interference mitigation
Scheme 1requires information exchange between eNBs through backhaul links for the UL-DL configuration and per-subframe set interference. 

Scheme 1 and Scheme 3 both assume partition of among DL and UL for at least some subframes at least allowed by different TD-LTE UL-DL configurations.    
We have 

Observation 1: In LTE, majority interference management schemes use signaling over backhaul.
2.2 Differences between NR and LTE
There are several agreements on NR design with implications on NR interference management.

In the discussions on numerology NR, it was agreed that carrier spacings from 15 KHz and above are supported. From the agreements in RAN1 #86bis:
Agreements:
· For SCS of up to 60kHz with NCP, y = 7 and 14
· FFS: whether/which to down select for certain SCS(s)
· For SCS of higher than 60kHz with NCP, y = 14
Agreements:
· Slot aggregation is supported
· Data transmission can be scheduled to span one or multiple slots
The duration of a slot in NR can be much smaller than 1 millisecond.   A single slot or multiple slots can be scheduled for transmission. Consider a minislot 's duration is even shorter than that of a slot, the NR resource scheduling unit in the time domain can be much shorter than in LTE before Rel-14.
From the agreements reached in RAN1 #86, 

Agreements:
· NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation
· The assigned DL/UL transmission direction can be signalled to UE by higher layer signalling
From a single UE's point of view, a gNB can adjust the DL/UL split semi-statically. 

Also from the agreements in RAN1 #86,
Agreements:
· Unless otherwise specified or indicated to the UE, the UE shall make no assumption on whether to transmit or receive at least within the data region(s) in a given time interval X

· Indication to the UE may include

· Dynamic L1 signaling

· RRC configuration

· Broadcast signaling

· …

Agreements:
· The following is supported for NR 

· From UE perspective, HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL data/control region is supported
· Some or all of the following timing relationships can be indicated to a UE dynamically by the L1 DL signaling (FFS: explicit or implicit)

· Timing relationship between DL data reception and corresponding acknowledgement

· Timing relationship between UL assignment and corresponding UL data transmission

· Note: Default value, if any, for each timing relationship is FFS (agreement from RAN1 #85)

· Note: Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc. (agreement from RAN1 #85)
· Note: Other means of indicating the timing relationship are not precluded
· Some or all of the following timing relationships can be indicated to a UE semi-statically (FFS: explicit or implicit)
· Timing relationship between DL data reception and corresponding acknowledgement

· Timing relationship between UL assignment and corresponding UL data transmission

· Note: Default value, if any, for each timing relationship is FFS (agreement from RAN1 #85)

· Note: Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc. (agreement from RAN1 #85)
· Note: Other means of indicating the timing relationship are not precluded
The transmission direction in a cell can be adjusted on a slot-by-slot basis, and the so-called "dynamic TDD" is enabled. Assume different cells may decide to use slots for DL or UL depending on the local needs, e.g. adaptation to uplink/downlink traffic, at a given slot, different cells may not have aligned transmission direction. Consequently UE and/or gNB can suffer from cross-link interference.
From the above, we have
Observation 2: in NR, other cell interferences can be much more dynamic than in LTE before Rel-14; and UE and gNB can suffer from cross-link interference.



3. Views on proposed interference mitigation goals and schemes
In the following, we provide our views on some of the proposed interference mitigation goals and schemes from RAN1 #86bis.
Deployment scenarios & beamforming/MIMO
NR should be a technology applicable to both sub 6 GHz and mmW. From that, and also the agreed evaluation assumptions, it should be clear that dynamic TDD should be designed for both sub 6 GHz and mmW. In mmW where highly directional transmission is a must to close the link budget shortage, and using multi-antenna technology such as beamforming/MIMO to handle interference comes with little additional cost, and it is natural and effective tool; at sub 6 GHz, transmission/reception with many antennas is not a pre-requisite. From that, at least at lower frequencies, mainly relying on antenna technology   to handle interference issues may come with additional cost/complexity/feasibility (e.g. format factor). Consequently we have
Observation 2: Mainly using multi-antenna technology to handle interference may not be feasible for all frequency bands of interest to NR.
Cross-operator considerations

In general, there can be severe adjacent channel interference if two TDD operators use two adjacent carriers in a band without aligning UL/DL split; now with flexible duplex, the same issue can be also encountered over a FDD band. 

During the study of eIMTA, it's identified that adjacent channel interference can be a serious issue. One solution provided in eIMTA is that a message is sent by an eNB to neighbouring eNBs to transfer load and interference co-ordination information. It is not clear in NR gNBs from different operators can exchange such messages. Hence that solution identified in eIMTA probably won't be applicable in NR.
For unlicensed spectrum such the 5.8 GHz band or shared spectrum such as the CBRS band (the "3.5 GHz" band), it is also unlikely NBs from different operators can exchange information through backhaul links. 

Cross-link interference management (IC/IS, power control, etc.), RS design, advanced receiver, timing alignment between DL and UL 
To mitigate interference, one can reduce interference by beam forming, coordination etc; one can also resort to advanced receivers. We can differentiate two receiver types in advanced receivers, namely interference suppression and  interference cancellation.
With an interference suppression receiver: accurate estimation of interference characteristics is typically useful; such as channel response or covariance matrix for the interference signals. If the design goal is to enable channel estimation for an interfering signal from another cell, it may be from either a base station or a UE, then the RS design allowing "sniffing" can be useful in the sense a node (base station or UE) in one cell can measure the reference signals from another cell without too much complexity.  Scrambling applied to reference signal should be manageable at the receiver. In LTE, a virtual cell-ID can be used in the scrambling of the DMRS signal for a UE configured with TM-10 in one cell (say Cell 1). If that comes as a strong interference to another cell (say Cell 2), without the knowledge of the virtual cell-ID, it is difficult for a UE/base station from Cell 2 to estimate the channel response for transmission in Cell 1. It is clear that the decision on RS design should include consideration on interference management; treating interference management as an add-on which can be included in later releases may not work well here. 
For interference cancellation, assume OFDM(A) is used for both uplink and downlink, then advanced receivers as used in NAICS can be considered to reduce cross-link interference as well. A    receiver design is more practical if the transmissions for DL and UL have aligned timing, so an interference signal has a local foot print in the sense the desired signal at a tone sees interference from one [1] . 

We have 

Observation 3: it is not clear that interference management can be included as an add-on in later releases.
Signalling (e.g., OTA, backhaul, UE capability, etc.), centralized vs. distributed interference/resource management & sensing

In RAN1 #86bis, one point was raised on  "whether or not LTE interference/resource management can be used as a starting point (as applicable)". To make a decision on that, we need first clarify the suitable traffic model in NR.  
Their connection can be understood as following:

If the full buffer traffic model is used, resource demand is persistent for UEs and base stations; and interference is more predictable, for which the CSI feedback remains valid for a long time. 

On the other hand, if a non-full buffer traffic model is considered, then resource demand can change rather quickly for UEs and base stations; and resulted interference can be also very dynamic. CSI feedback can become obsolete soon as interference changes fast, e.g. one adjacent cell finishes transmitting the buffered data and becomes essentially idle.   On a first order, assume the system bandwidth in NR is increased by X times compared LTE's, given the same file size and the same number of UEs, it would take 1/X time in NR to send it; CSI feedback latency, co-ordination latency through non-ideal backhaul, scheduling latency needs to be proportionally reduced to 1/X to retain the same design in LTE without modification. It is not clear whether such shrinking  is feasible, e.g. shrinking the latency over a  non-ideal backhaul. It remains to be seen whether Information exchange among gNBs through backhaul links is feasible or fast enough to alleviate dynamic interference in NR. 

Also the request to have backhaul links among gNBs to enable interference management can make network deployment challenging. From those considerations, over-the-air signaling among base stations can be considered. The OTA signaling can carry information to facilitate scheduling coordination among cells; and also DL/UL split similar to the dynamic signaling introduced in eIMTA can be also considered. Note the intended recipients of the OTA signaling are other base stations; but of course UEs are not inhibited from reading it.    In this case, the OTA signaling is replacement for backhaul signaling. 
Also another type of the OTA signaling can be considered, which carries information similar to the NAV as in WiFi, which gives an indication on how long the current transmission will be. In eLAA, the common PDCCH can carry indication of the UL transmission duration and its offset. 

Overall we see that OTA signaling enjoys some benefits over signaling over backhaul:

1. a very scalable solution, alleviate network deployment issues;

2. a unified solution for licensed band co-channel deployment, licensed band deployments with operators at adjacent carriers; unlicensed spectrum; shared spectrum

With centralized interference/resource management, we assume technologies bearing similarities to CoMP (with ideal backhaul) can be pursued. 

With distributed interference/resource management, first technologies bearing similarities to eCoMP  (with non-ideal backhaul) can be pursued. Also we can borrow ideas from technologies developed in LAA and eLAA in 3GPP. As listen-before-talk is required for regulatory reason in some regions, an (e)LAA eNB or UE needs to assess whether a channel is idle before transmission. Actually LBT can be also useful beyond meeting regulatory requirements: it provides a scheme to coordinate transmissions from different nodes in a distributed way, those nodes can be base stations and/or UEs. Some evaluation results are provided in [2].

Note in eLAA, the result from UE sensing is binary at any given time: 1) transmit as instructed by eNB; 2) does not transmit. 
We can consider one enhancement in NR: channel sensing can be also enhanced so a potential transmitter can make a more nuanced decision in transmission: not just transmit or not, but power control and link adaptation with the freshest observation on the channel can be used by the transmitter autonomously.  We propose to consider the following options:

1. the base station provides a transmission grant  including all transmission parameters (including resource allocation, MCS, HARQ-ID)  to a UE (which can be semi-persistent); and then through channel sensing, the UE decides whether to transmit or not, and make adjustment on power control

2. Taking one step further, the base station provides a transmission grant including some transmission parameters (including resource allocation, HARQ-ID)  to a UE (which can be semi-persistent); and then through channel sensing, the UE decides whether to transmit or not, and makes adjustment on its transmit power  and decides the MCS level by autonomously. As the base station does not know the chosen MCS level, then in the uplink transmission, the chosen MCS level by the UE is indicated. 

4. Proposed way forward
From discussions above, to assess whether the LTE interference/resource management can be used as a starting point and decide whether we can still rely on backhaul for most of the coordination work, we have
Proposal 1: RAN1 needs to clarify two points in interference management in NR:

1. backhaul assumption

2. traffic model
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Figure 1 information exchange among eNBs over backhaul (e.g. CoMP or eCoMP)
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Figure 2 Proposed option to exchange information among base stations in NR
Beyond that, we propose to study distributed interference/resource management with OTA signalling. At a high level, the OTA signalling can be treated as a replacement of the signaling over backhaul. In Figure 1, signaling over backhaul is shown for eCoMP. In Figure 2, NR base stations exchange information over the air: and the OTA signalling transmissions are designed so base stations can hear one another. The coupling loss between two base stations provides a natural filtering so only two base stations with a small coupling loss between them need to read each other's coordination information. The coordination information can include CSI feedback, DL/UL resource split etc.   We have

Proposal 2: Study distributed interference/resource management with OTA signaling including information exchange among base stations.
5. Conclusion

In this contribution, we provide our views on interference management in NR. We have

Observation 1: In LTE, majority interference management schemes use signaling over backhaul.

Observation 2: in NR, other cell interferences can be much more dynamic than in LTE before Rel-14; and UE and gNB can suffer from cross-link interference.

Observation 3: it is not clear that interference management can be included as an add-on in later releases.
Proposal 1: RAN1 needs to clarify two points in interference management in NR:

1. backhaul assumption

2. traffic model
Proposal 2: Study distributed interference/resource management with OTA signaling including information exchange among base stations.
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