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In RAN1#94, three frameworks (denoted as Framework-1, Framework-2.1 and Framework-2.2) were agreed as the starting point to manage the remote interference between gNBs, caused by troposphere bending [1]. In Framework-1, two new RIM-RS, i.e. RS-1 and RS-2, are used for assisting the aggressor/victim gNB on judging the existence/disappearance of troposphere bending and whether remote interference management (RIM) scheme should be applied. In Framework-2.1 and Framework-2.2, backhaul communication will be established. One new RS will be transmitted by the victim, which can be utilized to identify the victim gNB. The main difference between Framework-2.1 and Framework-2.2 is whether the victim will send information to the aggressor gNB to assist RIM coordination. 
In RAN1#94bis, plenty of agreements on RS design for RIM purpose have been reached [2]. Several consensus has been reached on the RIM-RS design:
	Agreements:
· The pseudo-random sequence (length-31 Gold sequence) specified in NR is adopted as the RIM RS sequence

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:
· 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:
· 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:
· 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)


Among all the frameworks, RIM-RS design is the key part which works as the enabler for inter-gNB measurement and coordination. In this contribution, we share our consideration on specification impact of the RIM-RS. 
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In Framework-1, assuming that RS-1 and RS-2 are not the same RIM-RS, there are two different RIM-RS should be specified. In Framework-2.1 and Framework-2.2, there is only one kind of RIM-RS, but it should convey several information bits of gNB (set) ID. It is desired to achieve a unified design of the RIM-RS in both framework, which leads to a result that the RIM-RS in Framework-1 should also convey gNB (set) ID information. 
In our view, for unified RIM-RS design, RS-1 in Framework-1 can convey the gNB (set) ID information as well as the RIM-RS in Framework-2. Meanwhile, RS-2 in Framework-1 does not need to convey any gNB (set) ID information. This can reduce the blind detection complexity for the gNB, meanwhile have no drawback on reporting interfering gNB-pair to the OAM for network optimization. Detail analysis can be found in our companion paper [3]. Therefore, the total number of RIM-RS sequences is 2N+1: 
· 2N RIM-RS sequences are applied as the RS-1 in Framework-1 and the RIM-RS in Framework-2, which convey N bits of gNB (set) ID.
· 1 RIM-RS sequences is applied as the RS-2 in Framework-1.
The total number of RIM-RS sequences, i.e. 2N (take Framework-2 for example), should be limited. In the agreed simulation assumptions, N is 3 in the simulation Case 2-2A and Case 2-2B (8 different RIM-RS sequences at most). Then N should not be too large, otherwise it will cause high implementation cost and worse detection performance:
· A larger N will increase the detection complexity. Due to the uncertain arrival time of the RIM-RS, when detecting RIM-RS, a gNB will have to conduct blind detection in all GP symbols and UL OFDM symbols (for symbol-level detection) or by all GP/ UL samples (for sample-level detection). Such computation cost is non-negligible, no matter from the software or hardware view. Note that every increased bit will double the computation number.
· A larger N will increase the risk of error detection. With a limited RIM-RS length, the cross-correlation performance is hard to guarantee with the increasing number of candidate sequences. Especially for Case 2-2B, when M sets of gNBs transmit a total number of M*2N RIM-RS sequences with different delays, the detection performance will be seriously deteriorated [4]. 
We suggest to limit the RIM-RS sequence number in the specification. N=3 can be taken as the baseline. 
Proposal 1: For unified RIM-RS design, 2N+1 RIM-RS sequences are applied
· 2N RIM-RS sequences are applied as the RS-1 in Framework-1 and the RIM-RS in Framework-2, which convey N bits of gNB (set) ID;
· 1 RIM-RS sequences is applied as the RS-2 in Framework-1;
· N=3 as the baseline.
For distinguishing the RIM-RS, different initial phases should be applied to the Gold sequence. Two kinds of initial phase determination method can be considered:
a) The initial phases are configured per network by OAM. This is similar to the cases of CSI-RS and DMRS, where the initial phases of them are determined by a high layer parameter and time domain location information (e.g. slot index within a frame, OFDM symbol index within a slot).
b) The initial phases are fixed. For example, the initial phases of PSS and SSS are determined by the PCID.
Both method (a) and method (b) can be applied in the RIM-RS. For method (a), the high layer parameter configured by OAM can convey the gNB (set) ID information. And for method (b), a fixed mapping algorism can be specified between the gNB (set) ID and the 2N initial phases. Comparing the above two methods, method (a) is more flexible and more secure, since the high layer parameter is configurable and controllable. In method (a), the transmitted RIM-RS is unknown to other operators (or potential malicious attackers). Note that the transmission of RS-1 may directly lead to DL back-off of the receiving gNB, and consequently the reduced DL throughput. In method (b), the advantage is that if a specific set of Gold sequences (and the initial phases) are found to have good cross-correlation performance with each other, they can be specified as the RIM-RS sequence precisely. But in this way, RIM-RS is totally visible and predictable. Considering the security issue, we slightly prefer a configurable initial phase (by OAM) for RIM-RS. If an operator has interest in a specific initial phase set, it can adopt it by implementation.
Proposal 2: The initial phase of the Gold sequence for RIM-RS is configured per network by OAM.
Physical resources and mapping
In frequency domain, it is agreed that the frequency location of transmitted RIM-RS is known to the receiving gNB. Generally, Gold sequence is an infinite sequence, and only a part of the whole sequence is transmitted based on a frequency reference point, frequency bandwidth, and the offset between them. For example, in NR, point A is applied for the UE and gNB to align the understanding of DMRS and CSI-RS. We suggest to specify a frequency reference point to align RIM-RS for gNBs with different center frequency and/or bandwidth. This frequency reference point will be applied in both RIM-RS transmission and reception.
Proposal 3: To align RIM RS transmission and detection among gNBs with different center frequency and/or bandwidth, a common reference point in frequency domain is specified for RIM-RS generation.
In time domain, it is already agreed that the transmission position of RIM RS-1 in Framework-1 and RIM-RS in Framework-2 is fixed in the last X symbols before the DL transmission boundary. For RS-2 in a revised Framwork-1, as analyzed in [3], it is transmitted only in the case when RS-1 is not transmitted. So it is reasonable that RS-2 shares the same time-domain location with RS-1. Note that a fixed location of the RIM-RS can help distinguish the interfered area. In addition, RS-2 is sparsely transmitted in time domain and only in the case when the gNB is a pure aggressor, so it will not cause serious remote interference when transmitted in the last X symbols before the DL transmission boundary.
Proposal 4: The transmission position of RIM RS-2 in Framework-1 is also fixed in the last X symbols before the DL transmission boundary.
Though the time domain position of RIM-RS is fixed, it should be noted that such fixed position is highly relative to the deployed frame structure, e.g. DL-UL switching period, configuration of the self-contain slot, etc. When specifying the transmission position, a feasible way is that the starting or ending location of the RIM-RS can be configured by high layer parameter/OAM per network. But such configurable position can be regarded as fixed and will not be changed unless the frame structure is changed, or reconfigured by OAM.
[bookmark: _GoBack]Proposal 5: The transmission position of RIM-RS is configured per network by OAM.
RS signal generation 
In RAN1#94bis, three alternatives have been agreed as the method to satisfy the time-domain circular characteristics.
	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.


In our view, Alt.1 requires a half-length FFT/IFFT for detection, which leads to a higher implementation cost and worse detection performance. Alt.2 and Alt.3 may generate the same RIM-RS signal in time domain, but Alt.2 requires new signal generation formula other than the already specified ones in TS38.211. For implementation simplicity, we suggest that no new baseband signal generation formula is introduced for RIM-RS, and apply Alt.3 as the signal generation method. 
[image: ]
Figure 2‑1 Time domain signal generation by Alt.3, where L is the CP length, k is the subcarrier index, and N is the FFT/IFFT size of the OFDM symbol.
With Alt.3, the RIM-RS and PDSCH can be multiplexed into the same IFFT module, thus avoid additional hardware/software cost. More detail discussions can be found in our companion paper [3].
Proposal 6: Adopt Alt.3 as the signal generation method for RIM-RS.
· No new baseband signal generation formula is introduced.
Conclusions
In this contribution, we share our views on the specification impacts for RIM-RS design. The observations and proposals are summarised as follows:
Proposal 1: For unified RIM-RS design, 2N+1 RIM-RS sequences are applied
· 2N RIM-RS sequences are applied as the RS-1 in Framework-1 and the RIM-RS in Framework-2, which convey N bits of gNB (set) ID;
· 1 RIM-RS sequences is applied as the RS-2 in Framework-1;
· N=3 as the baseline.
Proposal 2: The initial phase of the Gold sequence for RIM-RS is configured per network by OAM.
Proposal 3: To align RIM RS transmission and detection among gNBs with different center frequency and/or bandwidth, a common reference point in frequency domain is specified for RIM-RS generation.
Proposal 4: The transmission position of RIM RS-2 in Framework-1 is also fixed in the last X symbols before the DL transmission boundary.
Proposal 5: The transmission position of RIM-RS is configured per network by OAM.
Proposal 6: Adopt Alt.3 as the signal generation method for RIM-RS.
· No new baseband signal generation formula is introduced.
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