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In RAN1#95, the recommendations on RS design for remote interference management (RIM) purpose have been agreed [1]:
	Agreements:
The following features and solutions are recommended to be specified as part of a Rel.16 RIM WI from a RAN1 perspective:
· Unified design on RIM RS-1/2 and RIM RS in terms of sequence type, time and frequency transmission pattern, applicable for all frameworks
· RS-1 and RS-2 are differentiable
· Each RIM-RS can convey information on gNB (or gNB set) identification, 
· RIM RS can assist the aggressor to identify how many UL OFDM symbols at victim it impacted and/or provide information whether the atmospheric ducting phenomenon exists
· It is beneficial for RIM RS-1 or RIM RS-2 to be used by victim gNB to convey  information that  “Enough mitigation, no further actions needed” &  “Not enough mitigation, further actions needed”
· Basic RIM-RS resource is recommended be designed based on the following
· Pseudo-random sequence (length-31 Gold sequence) as in NR Rel-15
· 2OS RS with comb-1, and time-domain circular RS with 2 OS 
· Support candidate SCS set {15kHz, 30kHz, [60kHz]}
· Support max number of sequences in one DL-UL periodicity for interference identification is 8


In this contribution, we address the issue on supporting more than 2 OFDM symbols for RIM RS based on basic RIM RS resource, i.e. how to maintain circularity property of a multi-symbol RIM-RS. 

[bookmark: _Ref129681832]Signal generation
In RAN1#95, the following agreements on recommendation for RIM-RS design are reached:
	Agreements:
· The 2OS RS with comb-1 is recommended as the basic RIM RS resource. 
· The 2OS is corresponding to the RIM RS SCS.
· FFS whether to support additional # of symbols for RIM RS
· If supported, it is achieved based on the basic RIM RS resource
· Time-domain circular RS with 2 OFDM symbols (i.e., Alt2 or Alt 3) is supported for RIM RS.
· Note: For Alt 2, the length of CP plus the length of the concatenated sequences equal to the length of 2 OFDM symbols
· Further discussion offline to down-select between Alt 2 vs. Alt 3 during this week
· Alt 2 is supported, while Alt 3 is not supported


In [3], we have analyzed the situation when multiplexing RIM-RS with PDSCH into the same OFDM symbol, and have observed that the RIM-RS cannot be multiplexed with PDSCH by Alt.2. It was fixed for single basic RIM-RS resource last meeting by further restricting the CP length in Alt.2 as the note in above agreement. However, for two or more concatenated basic RIM-RS resources, i.e. a RIM-RS with 4 or more OFDM symbols, the time domain circularity of the RIM-RS is still lost which degrades RIM-RS detection performance, similar as Alt 1 underperforms Alt 2 or 3 as shown in TR 38.866 [4]. In this subsection, we address this issue by applying different linear phase rotation into the RIM-RS across different basic RIM-RS resource.
Original RIM-RS in different basic RIM-RS resources by Alt.2
As mentioned above, the basic RIM-RS resource contains 2 OFDM symbols in time domain. For detection enhancement, more OFDM symbols may be desired to transmit RIM-RS. When more OFDM symbols are applied to transmit RIM-RS, it is achieved based on the basic RIM-RS resource. 
Currently, for Alt.2, the circularity of the RIM-RS between different basic RIM-RS resources is not satisfied, when extending the number of OFDM symbols for RIM-RS transmission. Figure 2‑1 illustrates how Alt.2 generates RIM-RS within multiple basic RIM-RS resources in time domain.
[image: ]
[bookmark: _Ref531108513]Figure 2‑1 RIM-RS transmitted in multiple basic RIM-RS resources, Alt.2.
As observed in Figure 2‑1, without further management, Alt.2 cannot guarantee the circularity between different basic RIM-RS resources consecutive to each other in time domain. This is due to the nature characteristics of Alt.2, if defined without considering the potential shift relationship between the RIM-RS in different basic RIM-RS resources. When detecting the X OFDM symbol RIM-RS generated by Alt.2, a receiving gNB can only observe (and combine) X/2 complete RIM-RS OFDM symbols, as shown in Figure 2‑2. 
[image: ]
[bookmark: _Ref531179490]Figure 2‑2 RIM-RS detection in multiple basic RIM-RS resources, Alt.2
Then, we have the following observation:
Observation: The circularity characteristics of RIM-RS between different basic RIM-RS resources is not satisfied by Alt.2 when concatenating multiple basic RIM-RS resources without additional handling, which seriously degrades detection performance.
[bookmark: _Ref532203802]Circular RIM-RS in different basic RIM-RS resources by Alt.2
To guarantee the circularity of RIM-RS between different basic RIM-RS resources by Alt.2, one solution is to cyclically shift the RIM-RS in different basic RIM-RS resources. 
For example, consider the case where RIM-RS is transmitted within a total of X=6 OFDM symbols, formed by 3 basic RIM-RS resource. Then, if the 1st basic RIM-RS resource is regarded as the reference, the RIM-RS in the 2nd basic RIM-RS resource is the L point cyclic shift of the RIM-RS in the 1st basic RIM-RS resource. The RIM-RS in the 3rd one is the L point cyclic shift of the RIM-RS in the 2nd one, and also the 2L point cyclic shift of the RIM-RS in the 1st one. Therefore, the RIM-RS in the X=6 OFDM symbols still satisfies circularity in time domain, as illustrated in Figure 2‑3.
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[bookmark: _Ref531184208]Figure 2‑3 RIM-RS transmitted in multiple basic RIM-RS resources with cyclical shift, Alt.2. L is equal to the CP length of the basic RIM-RS resources.
When detecting the X OFDM symbol RIM-RS generated by Alt.2 and the cyclical shift management, a receiving gNB can observe (and combine) X-1 complete RIM-RS OFDM symbols, as shown in Figure 2‑4.
[image: ]
[bookmark: _Ref531184437]Figure 2‑4 RIM-RS detection in multiple basic RIM-RS resources with cyclical shift, Alt.2.
Note that:
· The cyclic shift management does not change the local RIM-RS sequences for detection. The same local RIM-RS sequences can still be applied to detect the RIM-RS, for both sample-level sliding detection and symbol-level FFT-based detection.
· The L point cyclic shift can take any of the basic RIM-RS resource as reference. That is, if the last (i.e. the 3rd) basic RIM-RS resource is considered as the reference, then the RIM-RS in the 2nd basic resource is the (-)L point cyclic shift of the RIM-RS in the last one, and the RIM-RS in the 1st basic resource is the (-)2L point cyclic shift of the RIM-RS in the last one.
Furthermore, considering that the RIM-RS sequence is defined in frequency domain, the cyclic shift management can be equivalently represented in frequency domain, too. For example, denote the RIM-RS in the last basic RIM-RS resource on subcarrier k as , then the RIM-RS in the 2nd basic RIM-RS resource on subcarrier k should be , and the RIM-RS in the 3rd basic RIM-RS resource on subcarrier k should be , where L is the CP length of the basic RIM-RS resource, and N is the length of an OFDM symbol. 
By applying different cyclic shift of RIM-RS to each basic RIM-RS resource, the circularity of the RIM-RS generated by Alt.2 between different basic RIM-RS resource can still be satisfied. The detection performance can be improved, since more complete RIM-RS OFDM symbols can be observed by the receiving gNB. We have the following proposal:
Proposal: When multiple basic RIM-RS resources concatenated as a RIM-RS are configured to a gNB, different cyclic shifts in time domain are applied to different basic RIM-RS components of the RIM-RS after generating basic RIM-RS components by Alt.2.
· The time domain cyclic shift is equivalent to multiplying a phase rotation factor in frequency domain, which is linear relationship to the CP length, subcarrier index and the index offset between the basic RIM-RS resources.

Conclusions
In this contribution, we share our views on RIM-RS design. The observations and proposals are summarised as follows:
Observation: The circularity characteristics of RIM-RS between different basic RIM-RS resources is not satisfied by Alt.2 when concatenating multiple basic RIM-RS resources without additional handling, which seriously degrades detection performance.
Proposal: When multiple basic RIM-RS resources concatenated as a RIM-RS are configured to a gNB, different cyclic shifts in time domain are applied to different basic RIM-RS components of the RIM-RS after generating basic RIM-RS components by Alt.2.
· The time domain cyclic shift is equivalent to multiplying a phase rotation factor in frequency domain, which is linear relationship to the CP length, subcarrier index and the index offset between the basic RIM-RS resources.
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