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1. [bookmark: _Toc474161164]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 [3], we provided our views on interference management. In this contribution, we provide our views and more detailed considerations on interference management in NR.   


2. [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][bookmark: _Toc474161165]Interference management in LTE and NR
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 [bookmark: _Toc474161166]Interference management in LTE
In general, we can categorize interference management in LTE before Rel-13 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 fall into 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. Yet another example is found 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 solutions. 

Among the proactive solutions, typically coordination among eNBs through backhaul is exploited.

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/communication between eNBs over backhaul.
In LTE, advanced UE receivers from NAICS and MUST have been found useful in interference management as well. We note typically some signaling is provided by network so the implementation complexity at the UE side is minimized. 

Since Rel-13, in LAA/eLAA, a new mechanism to control interference has been introduced whereby a potential transmitter performs the so-called “Listen-Before-Talk” before proceeding with the intended transmission. This mechanism provides a last-minute check before an intended transmission to ensure intended transmission does not disrupt an ongoing transmission.
 

We have observations on interference management in LTE:
Observation 2: interference management techniques in LTE can be categorized as
1. Network coordination
2. Receiver based solutions
3. Channel sensing

2.2 [bookmark: _Toc474161167]Differences between NR and LTE
Even though NR is far from being completed and a complete comparison is not possible at this time, already several agreements on NR design have clear 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.
 
The agreements all suggest interference management in NR cannot focus solely on the conventional interference scenarios where only DL interference or UL interference exists or the cross-link-interference scenarios. The interference management portfolio in NR should be able to handle both conventional interference scenarios and cross-link-interference scenarios. As made clear in eIMTA, if some resource partitioning scheme is exploited, then a conventional interference scenario and the cross-link interference scenario can be experienced by a UE in a short period of time. Hence a holistic approach has to be taken in developing interference management techniques for both scenarios and ensure they can work in harmony when necessary. 

We have
Observation 3: interference management techniques in NR are needed for both conventional interference scenarios and cross-link-interference scenarios; they should be able to work in harmony when necessary. 

[bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK44][bookmark: OLE_LINK45]
2.3 [bookmark: _Toc474161168]Views on interference mitigation schemes in NR
In the following, we provide our views on some of the proposed interference mitigation goals and schemes from RAN1 #86bis, #87, and the NR Ad Hoc in January 2017. As discussed in LTE interference management, we can group the interference management schemes according to whether it is proactive or reactive:

· Proactive approaches-I	Comment by Weidong Yang: Come back
· Power control and coordinated schemes (e.g. coordinated beamforming/scheduling, OTA signalling if any, etc.)
· Link adaptation
· Proactive approaches-II
· Sensing/measurement scheme (e.g. LBT-like, OTA measurement if any, etc.)
· Reactive approaches
· Advanced receiver for interference cancellation/suppression 
· RS design (e.g. symmetric RS) and timing alignment between DL and UL 

The difference between proactive approaches and proactive approach II is about the time span over which those approaches operate and the decision maker in interference management. With proactive approaches-I, the decision maker is a gNB that makes scheduling decision based on information from UEs, itself and other gNBs, hence they are centralized interference management schemes. 

3. [bookmark: _Toc474161169]Proactive approaches-I: transmission coordination

The main design work under this group includes
· coordination information selection
· As in ICIC, eICIC, CoMP and eCoMP and also eIMTA, we need to decide what information needs to be exchanged between gNBs for conventional & cross-link interference scenarios
· coordination information exchange
· In CoMP, ideal backhaul is assumed and information exchange among eNBs has been considered as an implementation issue.  In ICIC, eICIC, eCoMP and eIMTA, non-ideal backhaul can be used and also signalings over X2 have been defined for them. Whether the same information exchange assumptions still hold for NR needs to be studied. We can envision several possible architectures for NR deployments: 
· C-RAN
· where RRHs are used to receive and transmit signals, and the signals are routed through front-hauls to a BBU pool for processing, and the scheduler function is located in the BBU pool. With this architecture, the "backhual" latency is almost zero, yet the front-haul latency can be rather substantial.
· All-in-one gNB
· where the radio frontend and baseband processor and scheduler function are put in one box or at least they are in close proximity. In this case, the "backhaul" latency (for X2-like links) can be rather substantial, while the front-haul latency is minimal.
· Some architecture in-between
· In this case, a BBU pool is still used similar to that in C-RAN, yet the RRHs are not completely dumb: the RRHs have some baseband processing capability.
In general, the preferred architecture may vary with operators, e.g. some with dark fibers may prefer C-RAN; others who need to rent fibers may prefer All-in-one gNBs. Of course, we cannot design NR so it  works for one architecture only. We will provide our preliminary evaluation in the following, which also motivates our consideration on OTA signaling. Briefly the OTA signaling can be treated as a replacement of the "X2" link between eNBs when the communication latency between gNBs is large.
· CLI measurement (survey on Qualcomm) 
· CSI feedback/acquisition design
· When different interference management schemes were introduced into LTE, typically different CSI measurement and reporting features were also introduced, e.g. the per-subset CSI measurements for eICIC, and multiple CSI processes for CoMP, and two set CSI measurements for eIMTA. The net result is a complicated specification.  In NR, we have a shot to clean up the CSI feedback design and come up with a clean design. The following should be clear: we need CSI measurements for different interference hypotheses, and possibly from different TRPs (e.g. DPS).
· Another development, which is closely related to the lean carrier design  is aperiodic CSI resources and aperiodic CSI feedback.  In NR, aperiodic CSI resources and aperiodic CSI feedback should be the baseline. 
· In symmetry to DL CSI feedback, we can treat CSI acquisition in the uplink with above considerations as well.
· beamforming/Coordinated beamforming
· 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 interference management through beamforming/MIMO is natural and effective; 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: Mainly using multi-antenna technology to handle interference may not be feasible for all frequency bands of interest to NR.
· Power control & link adaption



3.1 [bookmark: _Toc474161170]Design considerations for OTA signaling


In the above, we provide an overview on interference management in NR and we list a few areas for design work under this group. While most of them, e.g. CSI feedback, beamforming, etc will be treated in other agenda items as well;  we single out one area which is of special interest to dynamic TDD and may not be treated elsewhere, i.e. OTA signaling, as it may impact the air interface design.

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 and resource management strategy also 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


In Figure 1, scheduling information and CSI information at eNBs can be concentrated to a central node, which can be collocated with one eNB (in Figure 1, the central node (central scheduler) is shown to be collocated with eNB-1),  centralized interference/resource management can be conducted. Under the right setup, we assume technologies bearing similarities to LTE CoMP (with ideal backhaul) can be pursued for NR as well








Figure 1 information exchange among eNBs over backhaul (e.g. CoMP or eCoMP)



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.    




3.1.1 [bookmark: _Toc474161171]Details in OTA signaling design




[image: ]
Figure 3 Mutual hearability among gNBs

On important issue in OTA signaling is how to deal with mutual hearability: when two gNBs transmit simultaneously they cannot hear each other. In Fig.3, we provide some Tx/Rx patterns which allow 6 gNBs to share coordination information among them by utilizing 4 Tx/Rx opportunities (the horizontal dimension is for time and the vertical dimension is for frequency). 

We provide a few options for OTA signaling below.

Option 1 Fixed or semi-static configured coordination slot to exchange coordination information among gNBs
[image: ]
Figure 4 Mutually hearable transmissions of coordination information

In figure 4, it is shown that the coordination information from each gNB is carried over mini-slots. In the given example,  there are  4 mini-slots in one slot. During two mini-slots in the slot, marked as "coordination" in Fig. 4, a gNB transmits coordination information. In another two mini-solots in the slot, marked as "DTX", a gNB can sniff coordination information transmitted by other gNBs. "Tx/Rx gap" is inserted between  mini-slots; and also a "Tx/Rx gap" is inserted between the last mini-slots  and uplink  control. The "Tx/Rx gap" allows a gNB to switch from Tx to Rx and/or Rx to Tx. 


The coordination information carried in each utilized mini-slot in a slot from one gNB is identical, hence it is enough for any sniffing gNB to receive one copy of the coordination information in a slot. In this option, the time-domain transmission pattern, and preferably the frequency resources taken by coordination information is fixed w.r.t. cell-ID or semi-statically configured, so it is guaranteed that one gNB can receive the coordination information from other gNBs with a high probability.  Note the coupling loss between two gNBs provides a natural filtering, so gNBs far away from each other won't hear each other – however this is not a problem as they cannot hear each other's coordination, they are unlikely to interfer each other either.

The coordination information can be carried in the mini-slot's control channel, or mini-slot's data channel, If we borrow the language from latency reduction and sTTI, sPDCCH or sPDSCH can be used to carry coordination information.  

If PDCCH in a mini-slot is used to convey coordination information,  its DCI contains the coordination information. To achieve a most commonality with other control channel design,  e.g. using RNTI to mask the CRC of the DCI, a RNTI can be introduced for the DCI containing coordination information. As the intended recipients are other gNBs, which may not have the knowledge of the RNTI assignment under the gNB, then it may be preferred to derive the RNTI from the cell-ID or a similar identity ID.
  
Over those  mini-slots utilized for coordination information, a gNB can use FDM to partition resources between coordination information and data transmisison. In Fig. 5 we provide one example for gNB 1.


[image: ]
Figure 5 Data and coordination multiplexing


The benefits of this option include reasonable blind detection effort at gNBs, as where and when to search for the coordination information bearing mini-slots is known at gNBs, for example the time during which a gNB searches for other gNBs' coordination information bearing mini-slots can be configured through OAM. And the mutual hearability problem is solved systematically. 

gNBs can exchange coordination information periodically at slots with such mini-slot transmissions.

Option 2 Opportunistic use of mini-slots to exchange coordination information among gNBs

[image: ]
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Figure 6 Opportunistic coordination information transmissions over slots k3 and k4

 

In Figure 6, it shows that coordination information is carried in mini-slots across slots (slots k1, k2, k3 and k4) for each gNBs; assuming gNBs do not always use the  same slot type over slots, then gNBs can sniff the coordination information transmission from other gNBs. In Figure 6, gNB6 is able to sniff the mini-slot transmissions from gNB 1 and gNB2 in slot k1; gNB 2 and gNB 6 are able to sniff the minislot transmissions from gNB1 in slot k2, etc.

In this option, coordination information is opportunistically transmitted and received. Also the mechanism of multiplexing mini-slots and slots can be used to convey coordination information without introducing new types of slots. 
It can be used for unlicensed spectrum such as the 5GHz UNII band in US and shared spectrum such as the CBRS band in US.






 

 
Option 3 "bounced" information to facilitate gNB sniffing



Figure 7 "bounced" information from UEs

In this option, to allow one gNB to receive the coordination information from another, UEs are used to "bounce" or reflect the coordination information from its serving cell in their transmission during UL so other gNBs can receive the coordination information. 

In Fig. 7,
1. In step 1, the coordination information is embedded in the downlink control transmission from gNB.
1. In step 2,  a UE (which can be configured by the gNB, say a few cell edge UEs are selected as transmission from them has a better chance to reach other gNBs than the transmission from cell center UEs) receives the coordination information from the gNB 
1. In step 3, the selected UE(s) repeats the coordination information in the UL transmission. In Figure 7, it shows the "bounced" information is sent along with HARQ acknowledgement for DL data transmission and other feedback information (e.g. CSI feedback), it is also possible the coordination information is sent alone, or sent in a separate channel not shared by other feedbacks. 
1. In step 3a, other gNBs sniff the UL transmission from the UE.

Note a selected UE does not have to understand the contents in the DL control to bounce them in its UL transmission.
1. This can be useful for a Rel-15 NR UE to bounce the DL control information from a Rel-16 5G network, the UE may understand part of the contents but not all of them; that is not a problem as the bounced signaling is useful to other gNBs (Rel-16). 

To enable gNB sniffing, the scrambling for information carried in step 3/3a should be known at other gNBs, e.g. following the cell-ID of the gNB.  

We note in terms of coordination effort, Option 3 is between Option 1 and Option 2. 

We have
Proposal 1: Mini-slots carrying the over the air signaling for interference management are studied. 
Proposal 2: Schemes tackling mutual hearability among gNBs are studied in NR design, including pattern design and information reflection.




3.2 [bookmark: _Toc474161172]Specification analysis

For options 1 & 2, using mini-slots for control channel transmission is identified as the enabling technology for OTA signaling.

For the support of option 3, a procedure for a configured UE to transmit received information from gNB in the uplink needs to be defined.

4. [bookmark: _Toc474161173]Proactive approaches-II: Channel sensing and coordinated beamforming


With proactive approaches-II, the decision entity can be either a gNB or a UE; and it performs a last-minute check to decide whether to proceed with a transmission or not, and there is no time left for coordination among decision makers. 

We can borrow ideas from technologies developed in LAA and eLAA in 3GPP. In LAA and eLAA, 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].

The main design work includes
· Design of the sensing opportunities. The main considerations are placing CCA (Clear Channel Assessment) opportunity in a graceful way so other NR designs are not adversely impacted. 
· Sensing node selection. In LAA and eLAA, it is the potential transmitting node that performs CCA before transmission. In [1], we point out issues when directional transmissions are used in a network, and there may be room to discuss whether the sensing node should be the potential transmitter or the potential receiver. 


Note in eLAA, the result from UE sensing is binary at any given time: 1) transmit as instructed by eNB; 2) does not transmit. 

In NR, under   approaches-II , a more nuanced approach to the transmission/no transmission decision taking the form of adjusting the transmission power and choosing the MCS level by the potential transmitter can be considered. More specifically, 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 can be used by the transmitter autonomously with the freshest observation on the channel.  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. 
The above options are for the case that UE is chosen to be the sensing node. If base station is chosen to be the sensing node, the process is simpler:
1. The base station senses the channel to decide whether to transmit or not, or make adjustment on transmitting power.
2. An enhanced option is that the base station adjusts its transmitting power and decides the MCS level based on the sensing results, and then indicates the chosen MCS level to a UE.


4.1 [bookmark: _Toc474161174]Detailed descriptions  
As described in section 3, the design goal of the sensing based approaches is to decide the CCA (Clear Channel Assessment) location in the frame structure and the sensing node. In this section, we first give an overview of the sensing based approach and then list some possible options for the CCA location with different sensing nodes.




Figure 8 Setup of a sensing scheme
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Figure 9 Options in sensing based solutions

In Fig. 8, it shows two data links: Link 1 is from Tx1 to Rx1; Link-2 is from Tx2 to Rx2. Tx1, Tx2, Rx1 and Rx2 are nodes in a network, they can be either gNBs or UEs.  We use "sender" and "recipient" for the nodes in a data link.  Other performing data transmission, those nodes can be required to perform functions such as transmitting a signal which is used to facilitate sensing based coordination or CCA. Hence we also need the concepts of "sensed node" and "sensing node". In Fig. 8, "sensed node" stands for a node from the first link (e.g. Tx1 or Rx1) generating a signal which is to be sensed by another node (e.g. Tx2 or Rx2) from the second link.  We exmine 4 options in a sensing scheme design as captured in Figure 9 below: 
1. In combination O(S,S) (O(X,Y) stands for X in Link-1 is the sensed node, Y in Link-2 is the sensing node), the sender from Link 1transmits a signal which is sensed by the sender from Link 2.
a. This combination is used in WiFi energy detection based LBT, LAA LBT and eLAA LBT.
b. The use of RTS in WiFi is also an example of this combination.
2. In combination O(R,S), the recipient from Link 1 transmits a signal which is sensed by the sender in Link-2.
a. The use of CTS in WiFi is an example of this combination.
3. In combination O(S,R), the sender from Link 1 transmits a signal which is sensed by the recipient in Link-2. The recipient in Link-2 informs the sender in Link-2 of the sensing result, which helps the sender in Link-2 decide whether to transmit or not.
4. In combination O(R,R), the recipient from Link 1 transmits a signal which is sensed by the recipient in Link-2. The recipient in Link-2 informs the sender in Link-2 of the sensing result, which helps the sender in Link-2 decide whether to transmit or not.

The desired sensing scheme may depend on the feed back latency. For example, under C-RAN, if the sender in Link-2 is RRH and the recipient is a UE,  when the UE feeds back the sensing results, the signals collected at RRH need to go through the front-haul to reach the BBU pool. The processing latency would be very substantial. consequently, O(S,R) and O(R,R) may not be feasible options in this case.

Next we consider a few sensing scenarios.

In dynamic TDD, slots can be categorized according to their usage: mixed slot, UL prioritized slot, and DL prioritized slot. In a mixed slot, each cell can conduct DL or UL transmission, as shown in Fig. 8. In an UL prioritized slot, a cell intending to conduct  DL transmission should performs LBT-like sensing mechanism before data transmission to ensure it would not impact  UL transmission at other cells. Similarly, in a DL prioritized slot,  if UL transmission intended in a cell, some entities in that cell, gNB or UE(s), sould performs LBT-like sensing mechanism before data transmission. The following, we would introduce some options for UL and DL prioritized opportunistic transmission.



Figure 10 mixed slot structure

 














4.1.1 [bookmark: _Toc474161175]UL prioritized opportunistic transmission




 
Option 1:
1. DL gNB transmits control to DL UE; UL gNB transmits control to UL UE.
2. UL UE transmits UL data.
3. DL gNB senses the transmission from UL UE to decide transmission or not. 


Figure 11 DL gNB senses the UL data transmission




Option 2:
1. DL gNB transmits control to DL UE; UL gNB transmits control to UL UE.
2. UL UE transmits a busy tone (BT), which is sent over the scheduled UL PRBs.
3. DL gNB senses the transmission from UL UE to decide transmission or not. 

Here a busy tone, maybe more properly we can call it "busy signal", is used to facilitate sensing at other nodes. The busy signal(s) can have some structure, e.g. similar to that of SRS or CSI-RS/DM-RS, so in addtion channel estimation is possible from the busy signal and advanced precoding schemes can exploit them if processing time is not an issue.


Figure 12 DL eNB senses the busy tone from UL UE










Option 3:
1. DL gNB transmits control to DL UE; UL gNB transmits control to UL UE.
2. UL gNB transmits a busy tone (BT), which is sent over the scheduled UL PRBs.
3. DL gNB senses the transmission from UL gNB to decide transmission or not. 


Figure 13 DL eNB senses the busy tone from UL eNB




Option 4:
1. UL gNB transmits control to UL UE.
2. DL gNB senses the transmission from UL gNB to decide transmission or not. 
3. If DL gNB decides to transmit, it then transmit control to DL UE. 
This option shift the location of DL control channel. Thus, eNB should indicate the slot type(DL or UL) to UE before (e.g. indicate in the DL control in the previous slot), or UE may need to blindly detect the control channel location.


Figure 14 DL eNB senses the control from UL eNB




4.1.2 [bookmark: _Toc474161176]DL prioritized opportunistic transmission

 
Option 1:
1. DL gNB transmits control to DL UE; UL gNB transmits control to UL UE.
2. DL gNB transmits data to DL UE; UL UE senses transmission from DL eNB.
3. UL UE decides transmission or not. 



Figure 13 UL UE senses the DL data transmission

Option 2:
1. DL gNB transmits control to DL UE; UL gNB transmits control to UL UE.
2. DL gNB transmits a busy tone (BT), which is sent over the scheduled DL PRBs.
3. UL UE senses the transmission to decide transmission or not. 


Figure 14 UL UE senses the busy tone from DL eNB
















Option 3:
1. DL gNB transmits control to DL UE; UL gNB transmits control to UL UE.
2. DL UE transmits a busy tone (BT), which is sent over the scheduled DL PRBs.
3. UL UE senses the transmission to decide transmission or not. 


Figure 15 DL eNB senses the busy tone from UL eNB

In the above, we provide options for DL prioritized or UL prioritized transmission. Except for the Option 4 in the UL prioritized opportunistic transmission, which would shift the DL control channel location, the other options could be unified as Fig. 16:


Figure 16 DL eNB senses the busy tone from UL eNB

For a cell with a higher priority, we could shorten the period of GP & CCA, or introducing busy tone in the GP & CCA period. The cell with a lower priority can then sense the signal from higher priority cells. For example, if we shorten the GP & CCA period in UL cell, then it would become Option 1 in UL prioritized opportunistic transmission.
Instead of  prioritizing between DL and UL, following this unified method, we can even create different priority classes among DL cells or UL cells. In another word, by adjusting the CCA location at a sensing node and transmission time of data/control and/or busy signal from a high priority link, different levels of priority can be created. Hence we can see mini-slots with different start timings and durations can be used for interference management in dynamic TDD.

Power control for busy tone can provide some flexibility in the sensing based approach. We can create different levels of protection by adjusting the transmission power of busy tone. For example, with O(R,S), if the recipient in Link-1 knows its desired signal is weak, the recipient can send out the busy tone with a larger power to mute nodes in an extended area surrounding the recipient. In this way, more sensing nodes would be prohibited from transmission or the sensing nodes need to reduce more transmission power. The recipient can then get a better protection of its transmission.

We have

Proposal 3: mini-slots with different start timings and durations can be used for interference management in dynamic TDD to create different levels of priority.

Proposal 4: Different options for sensed and sensing nodes are studied in NR and the busy signal (busy tone) is studied in its connection with sensing and advanced precoding.


5. [bookmark: _Toc474161177]Reactive approaches

 
[bookmark: _GoBack] In [2,4], we provide our views on reactive approaches. 


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]. 

As can be seen from the above, irrespective of whether advanced receivers are supported from specification's point of view in NR phase 1, reference signal design needs to consider potential use of advanced receivers.

From the above discussion, we have

Proposal 5:  interference management techniques in NR can be categorized as 
· Transmission coordination
· Channel sensing
· Receiver based interference reduction


6. [bookmark: _Toc474161178]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/communication between eNBs 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: interference management techniques in NR are needed for both conventional interference scenarios and cross-link-interference scenarios; they should be able to work in harmony when necessary. 

Proposal 1: Mini-slots carrying the over the air signaling for interference management are studied. 
Proposal 2: Schemes tackling mutual hearability among gNBs are studied in NR design, including pattern design and information reflection.

Proposal 3: mini-slots with different start timings and durations can be used for interference management in dynamic TDD to create different levels of priority.

Proposal 4: Different options for sensed and sensing nodes are studied in NR and the busy signal (busy tone) is studied in its connection with sensing and advanced precoding.

Proposal 5:  interference management techniques in NR can be categorized as 
· Transmission coordination
· Channel sensing
· Receiver based interference reduction
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