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1 Introduction
In last RAN1 meeting, a new SI on Remote Interference Mitigation was firstly discussed in RAN1 and four frameworks were agreed for further study while framework #0 is used for LTE TDD, framework #1 is a OTA based solution, and framework #2.1 & 2.2 reply on backhaul signaling to on aggressor to victim’s link. In this contribution, we will share our views on the RS design based on the framework #1.
2 Background 

On the RIM-RS ID design, RAN1 has following agreements:
· At least one of the following methods is supported to distinguish RIM-RS resources:
· TDM method: different time-domain occasions are used to distinguish RIM-RS resource
· FDM method: different frequency positions are used to distinguish RIM-RS resource
· FFS: comb offsets if comb-like frequency structure is adopted;
· CDM method: different RS sequences are used to distinguish RIM-RS resource
· FFS: the number of sequences transmitted on the same time-frequency resource;
· FFS: OCC index if frequency-domain OCC is adopted.
· Other methods are not precluded.

On the position of RS2, RAN1 has following Agreements:
· Transmission position of RIM RS-1 in framework 1 and RS in framework 2 is fixed in the last X symbols before the DL transmission boundary, i.e., the ending boundary of the transmitted RIM-RS aligns with the 1st reference point
· X is the number of symbols that RIM RS(s) are mapped to.
· FFS for transmission position of RS-2 in framework 1

On the frequency location of RIM RS, RAN1 has following Agreements:
· RIM RS for a given functionality transmitted by a gNB or a gNB set are configured with frequency location(s) known to the receiving gNB 

On bandwidth of RIM-RS, RAN1 has following Agreements:
· The bandwidth of RIM-RS can be smaller than the carrier bandwidth.
· FFS. [20MHz, 10MHz, 5MHz, 20 PRB] as a starting point.
· The RIM RS SCS can be configured by the network.

In this paper, we will discuss RS transmission and RS design.
3 RS transmission

[bookmark: OLE_LINK1]In this section, we would like to share our views on the RS transmission.
3.1 multiple RS-1 transmission 
[bookmark: _GoBack]RS-1 is designed to inform the aggressors that the remote interference is observed at the victim side. As NR is expected to be a wide band system and system bandwidth could be as large as 100MHz. Meanwhile, to achieve better efficiency (e.g. power saving), NR gNB is expected to use only part of the whole bandwidth for a single user – a.k.a. BWP. When the traffic is low at the mid night, the gNB may only activate parts of the bandwidth. As a result, victim only needs the aggressor to reduce the interference at the bandwidth it uses. 
As discussed in RAN1#94bis, the potential interference mitigation schemes are on time domain (symbol backoffs), frequency domain, power domain and spatial domain. If the aggressors have the information which sub-band victims are using, the aggressor can only reduce the Tx power on the concerned sub-bands e.g. by allocating the resource to cell centre UEs or move the traffic to the bandwidth not used by victims. The benefit is more resources can be used at the aggressors instead of muting the whole bandwidth at interfered symbols.
Observation 1: sub-band level interference mitigation can provide more efficiency at aggressors.
To notify the aggressors which sub-bands are used by the victim, the victim gNB need to transmit either implicit or explicit “signalling”. 
1. By explicit signalling, the victim transmits the occupied bandwidth as payloads (e.g. bitmap). To ensure the signalling can be decoded after long distance, the MCS should be low enough. 
2. By implicit signalling, the victim transmits multiple RS-1 and each indicates one sub-band respectively. In this case, the aggressors do not need to be aware how many RS-1 are from same victim gNB. The aggressors only perform interference mitigation at the corresponding sub-band where RS-1 is detected. 
Among these two options, we prefer option 2 which can have no explicit payload and provide more robustness to the network. 
Proposal 1: transmitting multiple RS-1 on the sub-bands with data transmission. 
[image: ]
[bookmark: _Ref528915688]Figure 1 multiple RS-1 to notify the aggressors the interfered bandwidths
As agreed in RAN1#94bis, the RIM RS is expected to be transmitted from certain frequency position to reduce the detection complexity. The example in Figure 1divides the bandwidth into 4 sub-bands. While victim BS occupies the sub-band #1 and #2, it will send RS-1 in sub-band #1 and #2 by following option 2 proposed above.  
3.2 RS-2’s position
In last RAN1 meeting, a common understanding for DL and UL boundary is considered for Macro BS deployment and will be considered for RS design. We recapture the agreement for the reference. 


Figure 2 Illustration of DL and UL transmission boundaries within a DL-UL transmission periodicity
For RS-2 (from aggressors to victims) transmission, there are two options for the time position:
· Option 1: RS-2 is always located at the original DL boundary.
· Option 2: RS-2 is neighboring the DL data and back off together.



Option 1 RS-2 is always located at the original DL boundary


Option 2 RS-2 is neighboring the DL data and back off together.
Figure 3 two options for RS-2 transmission
For both options, DL data backoffs will reduce the interference received at the victim BS. However, for option 1, there is some chance that the victim still suffers from the interference caused by RS-2 itself since potentially there is many “suspects (aggressors)” transmits RS-2 at the same time position. Option 1, which allows the RS-2 backs off together with DL data, will not have this issue since all the potential interfering symbols are muted. Therefore, the interference to first several UL symbols of victim will disappear, and the victim can utilize these symbols which used to be interfered by aggressors. From this point, we prefer option 1.
 
Proposal 2: the aggressors transmits RS-2 with same backoffs as DL data will reduce the interference to the victims.  
In RAN1#94bis, we received the comments that the back-off of RS-2 will terminate RI mitigation procedure while the phenomenon remains, and the procedure will be re-opened once the RI is detected by victims. Our understanding is that NR provide more flexibility with Beam-wise operation and BWP operation which means even with atmosphere ducting phenomenon, the remote interreference will vary due to the directional interference varying and Tx bandwidth changing. In this sense the proposal which can terminate the mitigation procedure could potentially provide opportunity to achieve better system efficiency. 
3.3 group transmission
As shown in Figure 6, there is a coverage gap between RS detection range and IoT detection range, which is caused by the SNR required for RS detection. The gNB within the RS detection range (R1 in the figure), the gNB is expected to detect the RS from BS with high possibility. However, if the BS is located at the Gap between R1 and R2, RS will be mis-detected with high possibility. The RS design target should be increasing R1 as much as possible. 
One of the possible way is to allow a set of gNBs to send a group specific RS simultaneously. The group RS is transmitted in MBSFN manner and can increase the detection possibility. Meanwhile, allowing multiple BS could relax the requirement of a large RS pool and the transmission period of RS could be reduced to a reasonable level to achieve better BS detection performance & complexity. 
 



[bookmark: _Ref528930466]Figure 6 A Gap exists between IoT detection and RS detection

Proposal 3 Transmitting RS in a group manner can improve the detection performance and allow a relative smaller RS pool than without group. 
[bookmark: p2]
4 gNB ID transmission and RS design
4.1 ID information carried by RIM RS 
RIM RS needs to carry ID information which will help the aggressor to locate the victims and perform interference mitigation. As the ID pool would be very large, to avoid a large payload, the ID can be differentiated via by sequences, frequencies, and time information. 
4.1.1 Frequency domain
The way forward in RAN1#94 is several candidates are used to be the starting point including 5MHz, 20 PRB (SSB size), 10MHz and 20MHz. As we proposed above, the whole bandwidth can be divided into several sub-band and victims can send multiple sub-band level RS-1 to support partial bandwidth interference mitigation at the aggressor gNB. To utilize the frequency resource to carry ID information, we can further divide the sub-band to a mini-band which equals to a RS-1 bandwidth (e.g. SSB or 5MHz). In the example of Figure 4, one sub-band is divided into 4 mini-bands and the different RS-1 from a gNB can either transmitted at the same mini-band of different sub-bands or different mini-band as the left case. 
 
[image: ]

[bookmark: _Ref528881413]Figure 4 mini band can be used to carry ID information
Meanwhile, to reduce the complexity of blind detection, the location of RS should be from frequency location(s) known to the receiving gNB which should be a pre-configured or fixed similar as channel raster. 

Observation 2: mini band can be used to carry ID information and frequency raster can reduce the detection complexity
4.1.2 Sequence domain
Larger sequence pool can provide more ID bits but will increase the blind detection complexity and error rate. A trade-off is important between error rate and available ID numbers. One possible solution is to use a concatenated RS which composites two or more component sequences and each component sequence can use a relative small resource pool. The concatenated RS can be transmitted with different resources (time, frequency). Since the component sequence uses relative smaller resource pool than a single sequence, the blind detection probability can be reduced, and error rate is reduced namely. 


Figure 5 concatenated RS with 2 component sequences


Observation 3: concatenated RS can reduce the detection complexity and error rate. 
4.1.3 Time domain
To achieve a large ID pool, the RS might need an extreme long transmission period. Therefore, the detection might be an issue due to lack of time domain diversity and energy cumulation. Our proposal is to either repeating the RS several times or set the transmission period to a reasonable scale – e.g. several tens of seconds which will rely on the BS receiver implementation. Furthermore, transmitting the concatenated RS on different time (e.g. slots) could provide more energy due to less simultaneous Tx energy density constrains.
Observation 4: multiple slots transmission of RIM RS can provide more cumulated energy and improve the detection probability. 
Proposal 4: using frequency, sequence and time to carry the RS ID.

5 Conclusions 
In this contribution, we have made the following proposals:
Observation 1: sub-band level interference mitigation can provide more efficiency at aggressors.
Observation 2: mini band can be used to carry ID information and frequency raster can reduce the detection complexity
Observation 3: concatenated RS can reduce the detection complexity and error rate. 
Observation 4: multiple slots transmission of RIM RS can provide more cumulated energy and improve the detection probability. 

Proposal 1: transmitting multiple RS-1 on the sub-bands with data transmission.
Proposal 2: the aggressors transmits RS-2 with same backoffs as DL data will reduce the interference to the victims.  
Proposal 3 Transmitting RS in a group manner can improve the detection performance and allow a relative smaller RS pool than without group. 
Proposal 4: using frequency, sequence and time to carry the RS ID.
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