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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#95, the recommendations on RS design for RIM purpose have been agreed, including the unified RS for different frameworks, RIM-RS functions, definition of basic RIM-RS resource, etc. [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


There are still some issues to be investigated in depth after the SI phase. We discuss the frequency domain aspects of RIM-RS in [5]. We also discuss the signal generation issue in [6], and address the issue on the acyclic RIM-RS signal in time domain by Alt.2 based on the latest agreement. In this contribution, we focus on the time domain aspects of RIM-RS configuration.

[bookmark: _Ref129681832]Time domain configuration
[bookmark: _Ref521612108]It has been agreed in RAN1#95 that multiple RIM-RS can be configured to a gNB for RIM-RS transmission [1]:
	Agreements:
· A gNB can be configured with multiple RIM RS configurations in a configured RIM RS periodicity 
· Each RIM-RS configuration is referring to the configuration of the resource in time, frequency and sequence for transmission of a basic RIM RS resource 
· For each gNB, multiple configurations of RIM RS-1 share the same frequency resource and sequence
· For each gNB, multiple configurations of RIM RS-2 share the same frequency resource and sequence
· The maximum number of configurations to be decided WI stage
· For different gNB, it is to be decided in WI stage that different frequency resource for RIM RS-1/RS-2 is allowed or not
· For all gNBs, the configured RIM RS periodicity should be same
· Minimum bandwidth of above configured frequency resource is 20MHz if the carrier bandwidth is larger than 20MHz, otherwise the bandwidth of above configured frequency resource is equal to the carrier bandwidth
· Maximum bandwidth to be decided in WI stage
· For each gNB, the number of candidate frequency resource for RIM-RS detection is 1 for bandwidth smaller than 40MHz
· For each gNB, the number of candidate frequency resource for RIM-RS detection is up to Y for bandwidth larger or equal to 40MHz 
· Y is to be decided in WI stage dependent on assumption in WI of the number of ID to be conveyed in a given duration
· It is to be decided if only one of the candidate frequency resource for RIM-RS transmission can be configured for each gNB


And we have the following agreements on the time domain positions of RIM-RS during a DL-UL switching period [2]:
	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


In this subsection, we discuss the time domain aspects for multiple configurations. 
[bookmark: _Ref535012625]Multiple RIM-RS configurations
The following are four examples of multiple RIM-RS configurations, as shown in Figure 2‑1. 
· Case A: Multiple configurations form a consecutive resource in time domain within one DL-UL period. 
· Case B: Multiple configurations with separated resources in time domain within one DL-UL period. 
· Case C: Multiple configurations in multiple DL-UL periods and with same symbol locations in each DL-UL period. 
· Case D: Multiple configurations in multiple DL-UL periods and with different symbol locations, respectively.
[image: ]
[bookmark: _Ref532200234]Figure 2‑1 Time domain repetitions.
Also, there are mainly two kinds of motivations for multiple RIM-RS configurations:
· Motivation 1: Extending the detection range of RIM-RS, i.e. supporting RI measurement between farther gNBs.
· Motivation 2: Improving the detection performance.
In this subsection, we analyze the four multi-configuration cases for above motivations.
First, for TDD configuration “DDDSU” with DL/UL periodicity of 2.5 ms with 30 kHz subcarrier spacing, where the special slot is configured with 2 UL symbols and 2 GP symbols, the time duration for RIM-RS detection can be a length of 18 OFDM symbols, as shown in Figure 2‑2. This means that the maximum range for effective RIM-RS detection almost reaches 200 km. If the number of GP or UL symbols in the special slot increases, the detection range can even be larger.
[image: ]
[bookmark: _Ref534829919]Figure 2‑2 Illustration of effective detection range for “DDDSU”.
Based on the field trial results in TD-LTE networks, a probability density function (PDF) of the distance that the remote interference can impact in the inland area is obtained and illustrated in Figure 4-4 of TR 38.866 [4]. It is seen that the distance between the victim and aggressor ranges from 64 km to 400 km, where a large percentage of samples are within 150 km. Thus for aforementioned TDD configuration, the 200 km detection range seems sufficient to resolve a large percentage of RIM occurrences. 
Observation 1: The maximum detection range for RIM with TDD configuration “DDDSU” can reach 200 km.
The main benefit achievable by Case A is to improve the detection performance, by allowing coherent combining of the multiple basic RIM-RS resources. However, when two or more basic RIM-RS resources are concatenated, the circularity between the basic RIM-RS resources may be lost, leading to performance degradation. In [6], it is discussed how to maintain circularity between the consecutive basic RIM-RS resources. To achieve the benefit of improving detection performance, the RIM-RS sequence in the multiple configurations for Case A should be the same, which will not increase the total sweeping time across all gNB set IDs. 
The benefit of Case A for remote interference detection range extension is not significant, since RIM-RS resources are consecutive in time and each RIM-RS resource of 30kHz SCS corresponds to about 20km detection range.
Proposal 1: Concatenating two or more basic RIM-RS resources in time domain is supported for improving detection performance. 
· The circularity of the RIM-RS across different basic RIM-RS resources should be guaranteed. 
· The main benefit for Case B is to extend the detection range. An offset in time domain between the two RIM-RS resources allows a detection range of 0~x km by using one RIM-RS resource and a detection range of y~z km by using the other RIM-RS resource. The offset in time domain should be carefully chosen such that x equals or approximately equals y. In this sense, the offset in time domain should roughly equal to the total time duration of the GP and UL. Same RIM-RS sequence can be used for the multiple RIM-RS configuration in Case B, which means there is no increase on the total sweeping time across all gNB set IDs. Since Case B is mainly to extend the detection range, the benefit of improving RIM-RS detection performance may not be achieved at the same time. This is due to the fact that these two RIM-RS resources are separated in time and only one of them may fall into the RIM-RS detection windowing of a gNB which performs RIM-RS detection. 
Proposal 2: Multiple RIM-RS configurations with separated resources in time domain within one DL-UL period is supported for extending the detection range.
The main intended benefit for Case C is to improve the RIM-RS detection performance. Compared to Case A, the potential RIM-RS detection performance may be smaller. The reason is that only non-coherent combination can be utilized for Case C, given that the DL-UL switching will cause Tx phase discontinuity between the RIM-RS in different DL-UL period. Case C will also cause longer sweeping periodicity, since the multiple RIM-RS configurations occupies multiple DL-UL periods, which could have been used to identify different gNB ID sets. Furthermore, the gNB detection complexity may be increased, as it needs to buffer the received samples from multiple DL-UL periods. 
Proposal 3: It should be carefully considered whether time domain repetition of RIM-RS across consecutive concatenated DL-UL periods is supported.
The main intended benefit for Case D is to extend the detection range, similar as Case B. However, Case D has not advantage over Case B, only the drawback of increasing the sweeping time.
Proposal 4: Multiple RIM-RS configurations with the different time location in different DL-UL periods is not supported.
Table 2-1 summarizes the comparisons among Cases A to D.
Table 2‑1 Summary of multiple RIM-RS configurations
	
	Intended benefits
	Drawbacks
	Recommendations

	Case A
	Improve RIM-RS detection performance
	N/A
	Support

	Case B
	Improve remote interference detection range
	N/A
	Support

	Case C
	Improve RIM-RS detection performance
	Increased sweeping time over all gNB set IDs
RIM-RS detection performance improved may be smaller compared to Case A
gNB detection complexity may be increased
	FFS

	Case D
	Improve remote interference detection range
	Increased sweeping time over all gNB set IDs
	Not support



Maximum configuration number
For Case A and Case B in section 2.1, the number of RIM-RS configurations is 2 in one DL-UL period. From the RIM-RS detection performance perspective, two time-consecutive RIM-RS resources as in Case A may be sufficient already, as it provides more than 2 dB gain compared to single RIM-RS configuration. From the remote interference detection range extension perspective, two time-nonconsecutive RIM-RS resources as in Case B is sufficient, as it can support more than 400km detection range. Thus, the maximum number of RIM-RS configurations can be 2. 
If both RIM-RS detection performance and detection range need to enhanced, then combining Case A and Case B is possible, i.e. 4 RIM-RS configurations leading to two time-consecutive RIM-RS resources followed non-consecutively in time by another two time-consecutive RIM-RS resources.
[bookmark: _GoBack]Proposal 5: The number of RIM-RS configurations for gNB is {1, 2, 4}.
RIM-RS configuration for multiple gNBs
To achieve either the benefits of RIM-RS detection performance improved, or detection range extension, or both, the receiving gNB (i.e. the gNB which perform the RIM-RS detection) may use different detection algorithms. For example, coherent combining across two consecutive RIM-RS resources may be used for Case A, and single RIM-RS resource detection is used for Case B. Thus, from the receiving gNB perspective (i.e. the gNB which perform the RIM-RS detection), it is beneficial if time-frequency resource(s) in a TDD DL-UL period used for RIM-RS transmission by any transmitting gNBs is/are the same. This will avoid gNB to try different detection algorithms within one TDD DL-UL period. 
Proposal 6: The configuration rule of the RIM-RS transmission for all the gNBs in a network is unified.

Conclusions
In this contribution, we share our views on RIM-RS design. The observations and proposals are summarised as follows:
Observation 1: The maximum detection range for RIM with TDD configuration “DDDSU” can reach 200 km.
Proposal 1: Concatenating two or more basic RIM-RS resources in time domain is supported for improving detection performance. 
· The circularity of the RIM-RS across different basic RIM-RS resources should be guaranteed. 
Proposal 2: Multiple RIM-RS configurations with separated resources in time domain within one DL-UL period is supported for extending the detection range.
Proposal 3: It should be carefully considered whether time domain repetition of RIM-RS across consecutive concatenated DL-UL periods is supported.
Proposal 4: Multiple RIM-RS configurations with the different time location in different DL-UL periods is not supported.
Proposal 5: The number of RIM-RS configurations for gNB is {1, 2, 4}.
Proposal 6: The configuration rule of the RIM-RS transmission for all the gNBs in a network is unified.
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