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1 Introduction

In RAN1#94bis meeting, extensive online/offline discussions were occurred regarding reference signal designing for remote interference management and the following agreements were captured [1]:
Agreements:

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

· 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.

Agreements:

· 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:

· 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 dela
Agreements:

· 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:

· 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:

· 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:

· 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:

· 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:

· 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:

· 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.
In this contribution, we discuss on consideration points on designing reference signal involving sequence design for NR RIM under the above NR-RIM frameworks.
2 Discussion on reference signal design for RIM
2.1 Reusing exiting RS in NR
As described in NR-RIM SID objectives, existing reference signals (e.g., CSI-RS, DMRS, PRACH, etc.) for identifying strong remote CLI could be considered as staring points of discussion. In the previous meeting, reference signal which has a form of multiple repetitions in time domain was considered for avoiding symbol level sliding of detection window in asynchronous environment from receiver perspective as starting points. NR supports quiet flexible configuration of reference signal. For example, CSI-RS with high mobility has density of 3 RE/PRB which means that this pattern has a form of 4 repetitions in time domain within one OFDM symbol due to comb-like mapping in frequency domain. PRACH type A1 or B1 and double symbol DMRS also have forms of 2 repetitions in time domain within two OFDM symbols. 
Proposal 1: The existing RS pattern (e.g., CRI-RS, PRACH) should be considered for designing the RIM RS.

2.2 Time and frequency location of the RS for RIM  
· Time location of the RS for RIM
To avoid the ambiguity of RS for RIM from existing RS at receiver gNB side, the time location of RS for RIM can be the last one or two symbols before 1st reference point as showing in Fig. 1. The fixed RS position may be used for exact estimation of the propagation delay between aggressor gNB and victim gNB.
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(a) CSI-RS with density of 3 RE/PRB within an OFDM symbol 
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(b) PRACH type A1 or B1 within two OFDM symbols

Figure 1. Example of time location for RS for RIM within (a) 1 OFDM symbol and (b) 2 OFDM symbols
Proposal 2: The RS for RIM shall be transmitted in the just before the 1st reference point. 
· Frequency location of the RS for RIM
   If frequency location of RS for RIM and PUSCH are different each other, the gNB should need high performance RF chain which has the fast (symbol-level) frequency switching function. To reduce ambiguity and implementation complexity of RIM RS detection, therefore, frequency location of RS for RIM also should be limited into the pre-aligned frequency range. For example, RS for RIM should be transmitted in the same frequency range of downlink bandwidth part. 
Proposal 3: The RS for RIM shall be transmitted in the pre-aligned frequency location (e.g. same frequency range of downlink bandwidth part).

· Time and frequency offset of the RS for RIM
As describe above, RIM framework 2.1 and 2.2 require identification of victim gNB cell ID and/or group ID and/or cluster ID and/or site ID at aggressor gNB side for backhaul signaling between aggressor and victim gNBs. Therefore, the RS for RIM should contains information such as gNB cell ID and/or group ID and/or cluster ID and/or site ID of the transmitting gNB. As discussed in [2], the cross-correlation performance of sequence in RS for RIM should be evaluated to identify the transmitting gNBs with different sequence allocation. If the number of gNBs is equal or less than the number of different sequence in RS for RIM, it may be sufficient by allocating different sequence to different gNB. As discussed in [4], however, the peak number of transmitting gNB may be larger than the number of different sequence and this can be cause of false alarm probability. Furthermore, the gNB detection complexity and detection performance also should be considered in above situation, i.e. how many different sequences is expected to try to detect in a certain detection windows at receiving gNB side. 

In order to disperse RSs and also derive additional ID-related information, time-frequency location of a RS resource also can be utilized by allocating different frequency location such as sub-bands wise, frequency offset, or comb offsets (FDM) or allocating different time location such as slots/frames offset (TDM) within RS periodic windows along with different sequence allocation considering cross-correlation property (CDM). 
Proposal 4: The time and frequency domain resource allocation of RS for RIM shall be considered. 
· Repetition of RS for RIM enhancement
In asymmetric remote interference scenario, the detection probability of sequence at the aggressor gNB may be degraded because of the low signal strength of RS from the victim gNBs by the lack of RS accumulation (low number of gNBs at victim side) and low SNR caused by low RSRP. In that case, time-domain or frequency-domain repetition can be considered to enhance detection performance. If same RSs are transmitted in cascaded frame at the same symbol and frequency position from the victim gNB, better detection performance can be achieved at the aggressor gNB because the aggressor gNB can combine all repeated RSs from victim gNB. Furthermore, RS can be multiplexed in frequency domain. In that cases, victim gNB can also transmit the same RSs in adjacent frequency band in the same symbol and aggressor gNB can achieve better detection performance due to combined RSs from victim gNB. 
Proposal 5: The time-domain or frequency-domain repetition shall be considered to enhance detection performance
3 Conclusion 

In this contribution, we discussed on possible issues on reference signal to support NR RIM and obtained following proposals.
Proposal 1: The existing RS pattern (e.g., CRI-RS, PRACH) should be considered for designing the RIM RS.

Proposal 2: The RS for RIM shall be transmitted in the just before the 1st reference point. 
Proposal 3: The RS for RIM shall be transmitted in the pre-aligned frequency location (e.g. same frequency range of downlink bandwidth part).
Proposal 4: The time and frequency domain resource allocation of RS for RIM shall be considered. 

Proposal 5: The time-domain or frequency-domain repetition shall be considered to enhance detection performance
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