3GPP TSG RAN WG1 #95
    


              R1-1812993
Spokane, US, November 12th – 16th, 2018
Agenda item:
7.2.5.3
Source: 
Samsung 

Title: 
Discussion on reference signal for remote interference identification
Document for:
Discussion and Decision

1 Introduction

In RAN plenary meeting #80, a SID on remote interference management for NR was agreed [1]. The effect of remote interference (atmosphere duct) has been identified to be a source to increase IoT at eNB. The existing TD-LTE network already deploys means to overcome it though there is no 3GPP standardization. In RAN1#94bis meeting, several basic design principles for RIM RS were agreed [2], 

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:

· 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:

· 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)

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:

· 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 provide ours views on the reference signal design to mitigate remote interference. 
2 RIM RS 
RIM RS is critical for RIM mechanism. The ID space for RIM RS should be large enough to identify gNBs uniquely in a quite large area especially for framework 2 series. The detection complexity should be reduced as much as possible. NR supports quite flexible design on physical channels/signals. To reduce the standardization effort, especially considering the limited time units for this study item, it is preferred to maximize reusing the existing reference signals of NR. 

According to discussion so far, RIM RS must adopt a time repetition structure. A benefit is to reduce detection complexity at receiver gNB. As shown in Figure 2, a RIM RS could be detected in one or both detection windows. For a victim with a delay of 
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, the aggressor can detect it in detection window 0. For a victim with a delay of 
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, the aggressor can detect it in detection window 1.  Without such repletion, window for detection at an eNB has to shift at sample level. 
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Figure 1: Window based detection of RIM RS

Regarding the three alternatives for RIM RS time domain structure, Alt 1 is different from Alt 2 & 3 in the number of OFDM symbols. There is no much difference between Alt 2 and Alt 3. We prefer Alt 1 since the remaining interference after RIM mitigation is limited to one or two symbols (interference is asynchronized). That is, victim gNB cannot use the time/frequence resource that was overlapped with RIM RS from aggressor. For symmetric RIM scenario, aggressor gNB cannot use the time/frequence resource that was overlapped with RIM RS from victim too. If two symbol based structure is to be used, we prefer Alt 2, since such kind of signal generation is same as PRACH preamble generation with more than one repetition of root sequence. 

As shown in Figure 2, we provided the time domain structure and the frequency domain structure of one-port CSI-RS with density of 3 REs/PRB. One port CSI-RS is mapped to one OFDM symbol. From Figure 2, its time domain signal contains 4 repetitions. NR already supports flexible configuration on the bandwidth of CSI-RS. Such one-port CSI-RS can be reused as RIM RS, which is named as Alt 1 in last meeting agreement. 
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Figure 2: One port CSI-RS with 3 REs/PRB density

One drawback is that one-port CSI-RS is too sparse in frequency domain which may limit the detection performance. Therefore, a variation is to make it a density of 6 REs/PRB. Either extend one-port CSI-RS definition or two legacy one-port CSI-RS can be combined to form a RIM RS with density of 6 REs/PRB. Correspondingly, its time domain structure has two repetitions. 
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Figure 3: RIM RS with 6 REs/PRB density

Thanks to the repetition structure shown in Figure 2 & 3, single symbol RIM RS from a remote gNB can be detected using half symbol detection window, as shown in Figure 3. Sample level sliding of detection window is avoided. Equivalently, RIM RS in Figure 2 & 3 can be considered as two-symbol RIM RS but with larger SCS than other DL symbols. For example, assuming SCS of the carrier is 30kHz, the single symbol of RIM RS can be viewed as two repetition symbols with SCS 60kHz.
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Figure 3: Half symbol detection window of CSI-RS

Proposal:

· RIM RS occupies one OFDM symbol with comb factor 2 or 4. 
3 Conclusions
In this contribution, we analysis the generation of time repetition RIM RS within one symbol based on existing CSI-RS. Limiting RIM RS to single symbol is beneficial in reduction of remaining interference after RIM mitigation. We make the following proposal, 
Proposal:

· RIM RS occupies one OFDM symbol with comb factor 2 or 4. 
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