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Introduction
Study item on remote interference management for NR was approved in RAN#80 meeting. In RAN1#94 meeting, mechanism for remote interference management was discussed, and three RIM frameworks were agreed as starting point for further study, with framework 0 as basis for comparison. Framework 0 has already been deployed in commercial TD-LTE network. In RAN1#94bis meeting, the following agreements were made on reference signal for identification of aggressor and/or victim gNBs.
Agreements (#1):
· The gNB is not expected to receive RS before the DL transmission boundary, and not expected to transmit RS after the UL reception boundary.

Agreements (#2):
· The following requirements are at least considered in the RIM RS design
· The RIM RS should be distinguished from existing RSs used for other purposes, by resource configurations and/or RS sequence design.
· The RIM RS should be well designed to handle large path delay

Agreements (#3):
· Strive for unified design of RIM RS to convey information for gNB (or gNB group) identification, irrespective of framework chosen, in terms of sequence type, time and frequence transmission pattern 
· Note that the information conveyed in different frameworks does not need to be the same
· Under unified RS design, FFS whether RS-1 and RS-2 in framework 1 are the same RS or distinguish from each other.

Agreements (#4):
· 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.

Agreements (#5):
· 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

Agreements (#6):
· For the time-domain pattern for RIM RS, an RS transmission periodicity is defined
· The transmission periodicity can be semi-statically configured per network.
· Within the transmission periodicity, multiple time-domain RIM RS transmission occasions are defined.  One or multiple transmission occasions can be semi-statically configured to distinguish one RIM-RS resources or convey set ID information per network
· FFS details (especially w.r.t. X symbols)
Note: Companies are encouraged to check 2.4.5 of R1-1812025 for illustration of RIM RS transmission time-domain patterns.

Agreements (#7):
· Study further potential enhancement to improve RS detection performance including potential spec impact (if any):
· FFS. power boosting (e.g., symbol-level, etc.)
· FFS. time-domain repetition including granularity of repetitions
· FFS. whether additional signaling is necessary

Agreements (#8):
· 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 

Agreements (#9):
· 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.
· FFS: The candidate set of the RIM RS SCS.

Agreements (#10):
· The pseudo-random sequence (length-31 Gold sequence) specified in NR is adopted as the RIM RS sequence

Agreements (#11):
· Time-domain circular characteristics should be satisfied for NR-RIM design. The following alternatives are used for further evaluation.
· Alt 1: 1 symbol RS using existing CSI-RS with comb-like structure in frequency-domain; 
· Comb factor = 2 and 4;
· Alt 2: 2 symbol RS, where two copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences; 
· Alt 3: 2 symbol RS, where the CP is separately added to the front of each OFDM symbol, but in frequency domain, the RIM-RS in different OFDM symbols need to be multiplied with different linear phase rotation factors.
· Note that Alt 2 and Alt 3 may be identical in terms of performance. It is claimed that Alt 3 can use the same FFT as PDSCH generation. Under proper CP design, Alt 2 can also use the same FFT as PDSCH generation.

In this contribution we provide our views on the identification of strong gNB interferers, especially on the design of reference signal for identifying aggressor and/or victim gNBs. 
Discussion on reference signal design

Time domain pattern

According to agreement #6, an RS transmission periodicity is defined and semi-statically configured per network. An RS transmission period consists of multiple DL-UL switching periods. As it has been agreed that RS-1 in framework 1 (and potentially RS-2) and RS in other frameworks is transmitted right before the DL transmission boundary, there would be at most one transmission occasion per DL-UL switching period. The number of time domain transmission occasions within one transmission RS period is equal to the number of DL-UL switching period in an RS transmission period. One RIM-RS resource can be configured semi-statically to occupy one or multiple transmission occasions. That is, the number of transmission occasions conveying gNB/set ID can be configured per network. The number of bits that can be carried by the transmission occasions is , where N is the RIM-RS transmission period, M is the DL-UL switching period, and Q is the number of transmission occasions of one RIM-RS resource. The configuration is illustrated in Figure 1.
 



Figure 1: RIM RS transmission pattern in time domain

Time domain position of RS
According to agreement #5, RIM RS-1 in framework 1 and RS in framework 2 is fixed in the last X symbols before the DL transmission boundary. The fixed position is to let the aggressor gNB to estimate the number of UL symbols that are impacted. Based on the estimation, the aggressor could decide the interference mitigation scheme, e.g., muting certain number of DL symbols. 
Regarding the position of RS-2 in framework 1, there are two options:
· Opt-1: RS-2 is fixed in the last X symbols before the DL transmission boundary.
· Opt-2: RS-2 is shifted according to the number of muted DL symbols.
If position of RS-2 is shifted with the boundary of actual DL transmission, the victim may not able to detect RS-2 giving the victim an impression that ducted interference disappears. The victim may stop transmission of RS-1 leading to the aggressor to restore its original transmission configuration. The victim will again experience ducted interference and send RS-1, making the aggressor performing interference mitigation schemes gain. This ping-pong effect would make the network unstable and shall be avoided. By fixing the RS-2 in the last X symbols before the DL transmission boundary as RS-1, the victim will be able to detect RS-1 as long as ducted interference still exists.
Though Opt-2 is beneficial in reducing interference caused by the signal itself, the impact of the interference is expected to be marginal considering the sparsity of the RS transmission in time domain. 
Proposal 1:
RS-2 in framework 1 is fixed in the last X symbols before the DL transmission boundary.
· X is the number of symbols that RIM RS(s) are mapped to.

Information carried by the reference signal
The receiver needs to perform blind detection of the reference signal to obtain identity information of the transmitter (if necessary). The information can be carried by the sequence of reference signal or by time/frequency position of the reference signal, or both. For example, as discussed previously, the transmission occasion within one transmission period can be used to encode part of the information. By this way, one gNB can only send its reference signal in a subset of the transmission occasions. The periodicity of the RS transmission depends how much information is encoded in the transmission occasions. 
The receiver complexity is proportional to the number of sequences in the network as the receiver should test for each of the sequence. If too much information is encoded in the sequence of the reference signal, the detection complexity would be too large for a gNB. 

Proposal 2:
The number of sequences shall be minimized to limit the detection complexity at receiver side. 

RS-1 in framework 1 is used to inform those potential aggressors that there is ducted interference and let the aggressors to estimate the number of impacted UL symbols of the victim. From this perspective, a single sequence for RS-1 is sufficient. That is, RS-1 is not necessary to carry gNB or set ID information. RS-2 in framework 1 is used by the victim to determine whether the ducted interference still exists or not. It is useful for the victim to distinguish those aggressors. After a victim sends RS-1, the victim starts to monitor RS-2 and after certain time, the victim would be able to detect RS-2 sent from most of the aggressors. As the ducted interference continues, the number of detected RS-2 would remain stable. If the ducted interference becomes weak, the number of detected RS-2 would decrease. Finally, the number of detected RS-2 would drop below certain number. From the number of detected RS-2, the victim could judge whether the ducted interference becomes weak or even vanishes. If RS-2 is not distinguishable, the victim can only determine that the ducted interference disappears when the victim cannot detect any sequence. 
Furthermore, if RS-2 is carrying gNB/set ID information, the victim could report the detected RS-2 to OAM. OAM can then establish database to record the potential victim-aggressor pair. The relationship can be used to identify those potential aggressors if a gNB reports ducted interference to OAM. The potential aggressors are configured to monitor RS-1 rather than perform monitoring all the time.
Proposal 3:
At least RS-2 in framework 1 should carry gNB/set ID information.

Frequency domain position of RS

NR supports larger bandwidth than LTE, e.g., 100MHz in FR1. It was also agreed to have RIM-RS bandwidth smaller than system bandwidth. Depending on the bandwidth of RIM-RS and the system bandwidth, there may be multiple possible occasions to transmit RIM-RS in the same OFDM symbol. Then the frequency position can be used to encode part of the gNB/set ID if necessary. In this way, the number of sequences and time domain positions required to differentiate gNB/set could be reduced. In order to avoid blind frequency search of the RS at the receiver side, the frequency position shall be predefined in the system bandwidth or configured by OAM.
Multiplexing multiple RS occasions in frequency domain would require receiver to perform multiple RS detection at the same time. The receiver complexity will increase proportionally. Therefore, the number of possible RS positions in frequency domain shall be limited to control receiver complexity.

Proposal 4:
· Frequency domain positions can be used to distinguish RIM-RS resource. FFS the maximum number of frequency positions.
One way of FDM multiplexing is to use different comb offset to differentiate RIM-RS resource. This is not preferred as the asynchronously arrived RS signal in the detection window will cause inter-carrier interference, especially to adjacent subcarriers. Different RIM-RS will interfere with each other leading to performance degradation. Another way is frequency localized multiplexing, i.e., different RIM-RS resources are separated in different frequency band. This is more robust against inter-carrier interference.

Proposal 5:
· Different RIM-RS resources occupy different frequency band if FDM multiplexing is supported.

It was also proposed to use the position of the RS to signal the aggressor which part of the frequency band was impacted at the victim side. The victim sends RS-1 in frequency band that IoT increase is observed. In this way, an aggressor detects an RS-1 on a frequency band knows that its signal transmission would cause interference to others on the frequency band. The aggressor only needs to mute DL symbols partially on the particular frequency band rather than the whole OFDM symbol. It is assumed that the aggressor is lightly loaded and part the system bandwidth is utilized. Under such assumption, even the aggressor mute the entire OFDM symbol, there is no performance loss. Another claimed benefit is that the aggressor only needs to monitor RS-1 on the used frequency band to reduce power consumption. Whether this benefit is achievable is also doubtable. First, whether it can reduce power consumption depends on the RF structure of the gNB. If wideband RF is used, RF power consumption will not be reduced anyway. There is no significant difference between the power consumption of wideband receiving and subband receiving at baseband. In addition, the gNB only needs to perform wideband reception to detect the RS sparsely in time domain. As a summary, if multiple frequency locations are allowed for RIM-RS in the system, it should be used to encode gNB/set ID information, and the receiver shall try to detect RIM-RS in the whole bandwidth.

Proposal 6:
· Frequency position should be used to encode gNB/set ID information, and the receiver shall receive RIM-RS in the whole system bandwidth.

Bandwidth

The bandwidth of the RS depends on length of the sequence and subcarrier spacing of sequence mapping. We should first decide the length of the sequence based on detection performance. The bandwidth of RIM-RS can then be decided from the sequence length and SCS.

Impact to UE

It was agreed (Agreement #2) as a design requirement that the RIM RS should be distinguished from existing RS used for other purposes. Existing RS in downlink include SSB (PSS/SSS), CSI-RS, and DMRS. All the RS resources are configured UE-specifically, except SSB. Therefore, the RIM-RS is distinguishable from CSI-RS and DMRS by proper resource configuration. It was already agreed to use PN sequence (length-31 Gold sequence) for RIM-RS which is different from that of SSS and PSS. That is, RIM-RS is distinguishable from existing downlink RS.
Uplink RS includes DMRS, SRS, and PRACH. DMRS and SRS are UE-specifically configured and thus distinguishable from RIM-RS by proper resource configuration. PRACH uses different sequence (ZC sequence) from RIM-RS and is also distinguishable from RIM-RS.

RS design in framework 1

RS-1 is used in framework 1 to signal the aggressor that there is ducted interference. A gNB detects RS-1 starts to perform interference mitigation and send RS-2. RS-2 in framework 1 is used to acknowledge the reception of RS-1. It is desirable to have common RS-1 and RS-2 design; otherwise, a gNB may need to send two different RS in symmetric scenario where an aggressor gNB is also a victim gNB.
If there is no differentiation between RS-1 and RS-2, a gNB detects any RS shall perform interference mitigation and send the RS. It is possible that the detected RS is sent by an aggressor but not victim. The receiving gNB shall perform interference mitigation scheme as it cannot tell if the detected RS comes from an aggressor or a victim. This results in unnecessary waste of resource in asymmetric scenario. But it is expected that only a small number of gNBs will be triggered falsely, otherwise, the gNB sending the RS will suffer remote interference and would also be a victim. The impact to the network is expected to be marginal.

Proposal 7:
· Common RS-1 and RS-2 in framework 1 is supported.

Number of OFDM symbols

Time-domain circular characteristics were agreed to be satisfied for RIM-RS design. It is aimed to reduce the detection complexity at the receiver side. Regarding the length of the RS, there are two options under consideration, i.e., 1 symbol and 2 symbols. From our evaluation results in [2], it is observed that 2-symbol RS show around 10 dB gain over 1-symol RS. From performance perspective, 2-symbol RS performs much better than 1-symbol RS. System overhead of 2-symbol RS is higher than 1-symbol RS. But considering the sparsity of the RS transmission, the overhead increase has marginal impact on downlink throughput. Another concern is that the 2-symbol RS may cause larger interference to its neighbouring cell’s downlink transmission. However, at the victim side, the interference level of the RS is comparable to normal downlink transmission. At the aggressor side, the downlink transmission of gNBs in the neighborhood has been backoff to mitigate remote interference. There is no significant impact to downlink transmission at either victim or aggressor side.

Proposal 8:	
· Time-domain circular RS with 2 OFDM symbols is supported for RIM RS.

Conclusion
In this contribution we provide our views on the design of reference signal for identifying remote interference and/or victim and aggressors gNBs. The proposals are summarized below:
Proposal 1:
RS-2 in framework 1 is fixed in the last X symbols before the DL transmission boundary.
· X is the number of symbols that RIM RS(s) are mapped to.
Proposal 2:
The number of sequences shall be minimized to limit the detection complexity at receiver side. 
Proposal 3:
At least RS-2 in framework 1 should carry gNB/set ID information.
Proposal 4:
Frequency domain positions can be used to distinguish RIM-RS resource. FFS the maximum number of frequency positions.
Proposal 5:
Different RIM-RS resources occupy different frequency band if FDM multiplexing is supported.
Proposal 6:
Frequency position should be used to encode gNB/set ID information, and the receiver shall receive RIM-RS in the whole system bandwidth.
Proposal 7:
Common RS-1 and RS-2 in framework 1 is supported.
Proposal 8:	
· Time-domain circular RS with 2 OFDM symbols is supported for RIM RS.
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