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1 Introduction
As per the latest WID [1], the detailed objectives for remote-interference management are:
	· Specify RIM RS resource and configurations, including [RAN1]
· A basic RIM-RS resource
· Configuration of RIM-RS and distinguishable RIM RS-1/2 resources, including sequence type, time and frequency transmission pattern
· Determine gNB set identification information through detection of RIM-RS(s) by implicit or explicit indication. Determine further information that can be carried by the RIM-RS, such as “Ducting phenomenon exists”, “Enough mitigation” & “Not enough mitigation”, [RAN1, SA5]
· Specify the inter-set RIM backhaul signalling via the core network to convey the messages of “RIM-RS detected” and “RIM-RS disappeared [RAN3]
· Identify corresponding OAM functions to support RIM operation [RAN1, RAN3].


This contribution discusses the first topic, i.e., RIM RS resource and configurations which include basic RIM-RS resource, configuration of RIM-RS, and gNB set identification.
2 Basic RIM-RS resource
During RIM study item phase, RAN1 agreed to recommend the following for basic RIM-RS resource and captured it in TR38.866 [2]:
	Basic RIM-RS resource (section 8 of TR38.866 [2])
Basic RIM-RS resource is recommended to 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 addition, for the time-domain circular RS with 2 OS, it is also recommended that two copies of the RS sequence are concatenated and one CP is attached at the beginning of the concatenated sequence.
It is our view that all above recommendations for basic RIM-RS resource have no compelling reason to change. 
As for the RIM-RS SCS, the outstanding issue is whether or not to support 60 kHz in addition to 15 and 30 kHz. Apart from the trade-off between network configurability and gNB complexity, there is not enough evaluation result for RIM-RS with 60 kHz SCS. 
Furthermore, as discussed during RIM study item, only one SCS should be configured for RIM RS per carrier per network to reduce the gNB detection complexity.
Observation 1: RIM-RS with 60 kHz SCS has not been well evaluated so far.
Proposal 1: Do not support 60 kHz SCS for RIM-RS in Rel-16 to reduce the gNB complexity.
Proposal 2: Only one SCS should be configured for RIM RS per carrier per network to reduce the gNB detection complexity (as per RIM SI agreement).
3 Configuration of RIM-RS
Other than basic RIM-RS resource, RAN1 agreed to recommend the following and captured it in section 8 of TR38.866 [2]:
	Section 8 of TR38.866 [2]
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"


Regarding time and frequency transmission pattern, following yellow highlighted remaining aspects (from section 6.3.3 of TR 38.866 [2]) should be addressed which have been left for work item discussion:
	RIM-RS time-domain transmission position (section 6.3.3 of TR 38.866 [2])
Regarding the transmission position of each transmission occasion, for RIM RS-1 in framework 1 and RS in framework 2, the transmission position 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, wherein, X is the number of symbols that RIM RS(s) are mapped to. 


In light of gNB implementation complexity reduction, X=2 would be sufficient, i.e., no need to support additional number of symbols for RIM-RS. During RIM study item, it is assumed that the whole network with synchronized macro cells has a common understanding on a DL transmission boundary. Therefore, it is natural that a single DL transmission boundary for the reference of RIM-RS transmission occasion is configured to gNBs, which can be configured in a similar way as the configuration of “nrofDownlinkSymbols” in “TDD-UL-DL-ConfigCommon”.
Proposal 3: the RIM-RS time-domain transmission position for a basic RIM-RS is fixed in the last 2 symbols (i.e., X = 2) before the DL transmission boundary, i.e., the ending boundary of the transmitted RIM-RS aligns with the 1st reference point. A common DL transmission boundary is semi-statically configured to gNBs.
It was also discussed in RIM SI that a gNB can be configured with multiple RIM RS configurations in a configured periodicity. For each gNB, multiple configurations of RIM RS-1 share the same frequency resource and sequence; and also multiple configurations of RIM RS-2 share the same frequency resource and sequence, while the maximum number of configurations is to be decided in WI stage. That is to say, the multiple configuration of RIM-RS for a gNB is done only in time domain. If large number of configurations in time domain for a gNB is set, then a large RIM-RS transmission periodicity should be configured to convey sufficient gNB/gNB set IDs. 
Observation 2: the maximum number of configurations per gNB may limit the identification of gNB/gNB set in a configured RIM RS transmission periodicity. 
	[bookmark: OLE_LINK3]RIM-RS frequency-domain transmission position (section 6.3.3 of TR 38.866 [2])
Regarding the frequency-domain pattern, 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.
If the carrier bandwidth is larger than 20MHz, the minimum bandwidth of the configured frequency resource is 20MHz, otherwise, the minimum bandwidth is equal to the carrier bandwidth. The maximum bandwidth is to be decided in 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 each gNB, if the carrier bandwidth is smaller than 40MHz, the number of candidate frequency resource for RIM-RS detection is 1, otherwise, the number is up to Y, where, 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.


According to above description, the minimum bandwidth of the configured RIM-RS frequency resource is min{20 MHz, carrier bandwidth} while the maximum bandwidth is FFS. 
It is observed that the available evaluation results in TR 38.866 [2] are based on the assumption of 20 MHz bandwidth. Assuming the performance of 20 MHz RIM-RS is good enough, we do not see the necessity of wider bandwidth RIM-RS. Therefore, for a given carrier bandwidth, it is desirable to allow only one RIM-RS bandwidth which is defined as min{20 MHz, carrier bandwidth}.
Proposal 4: For a given carrier bandwidth, only one RIM-RS bandwidth is defined as min{20 MHz, carrier bandwidth}.
We do not see an issue to support different frequency resource for RIM RS-1/RS-2 for different gNB.
Proposal 5: Different frequency resource for RIM RS-1/RS-2 is allowed for different gNB.
Observation 3: Smaller number of candidate frequency resource Y for RIM-RS detection may reduce the detection complexity, but also reduce the flexibility to convey the IDs. 
4 gNB set identification
1 
	gNB/gNB set ID (section 6.5.1 of TR 38.866 [2])
A gNB participating in an RI scenario may be a victim, an aggressor or both. The gNBs involved in an RI scenario can be grouped into sets. Each set is assigned a set ID, and is configured with a RIM Reference Signal (RIM-RS) and the radio resources to send and receive the RIM-RS. The grouping of gNBs into sets, the set ID, the RIM-RS configuration and the associated RIM-RS radio resources for sending and/or receiving the RIM-RS are performed by the OAM system, and these resources may be assigned in static or a non-static manner. A gNB may be assigned several set IDs and RIM-RS configurations simultaneously. Every gNB may have pre-configured set ID(s). 
Depending on the RI scenario and network deployment, a set can comprise one or more gNBs. The design of RIM-RS, the set IDs and the mechanism for grouping of gNBs into sets should be common for all RIM frameworks. A set ID is encoded inside the RIM-RS and sent over the air. The length of set ID is pending to RAN1 progress. A gNB set ID may be reused inside a PLMN.
Every gNB set ID is mapped to backhaul address for routing within the core network, which is used as the destination address for routing of RIM backhaul messages.


The length of gNB/gNB set ID is relevant to the number of gNBs within a RIM concerned range in a network deployment. Operators’ inputs are needed to set the maximum ID length in terms of the typical ranges between victim and aggressor. 
Following aspects should be considered to determine the supportable number of IDs to be conveyed in a given duration:
· The maximum number of sequences that one gNB needs to detect in one DL-UL period for interference identification (this number is 8 according to the SI agreement),
· The maximum number of candidate frequency resource that a gNB needs to detect,
· The maximum number of RIM-RS configurations for each gNB in a configured RIM RS transmission periodicity (i.e. the number of time-domain RIM RS transmission occasions configured within the RIM RS transmission periodicity) 
· The need of differentiation between RIM-RS-1 and RIM-RS-2 via time domain occasion and sequence.
5 Conclusion
The observations and proposals based on above discussion are as following:
Basic RIM-RS resource
Observation 1: RIM-RS with 60 kHz SCS has not been well evaluated so far.
Proposal 1: Do not support 60 kHz SCS in Rel-16 for RIM-RS to reduce the gNB complexity.
Proposal 2: Only one SCS should be configured for RIM RS per carrier per network to reduce the gNB detection complexity (as per RIM SI agreement).
Configuration of RIM-RS
Proposal 3: the RIM-RS time-domain transmission position for a basic RIM-RS is fixed in the last 2 symbols (i.e., X = 2) before the DL transmission boundary, i.e., the ending boundary of the transmitted RIM-RS aligns with the 1st reference point. A common DL transmission boundary is semi-statically configured to gNBs.
Observation 2: the maximum number of configurations per gNB may limit the identification of gNB/gNB set in a configured RIM RS transmission periodicity. 
Proposal 4: For a given carrier bandwidth, only one RIM-RS bandwidth is defined as min{20 MHz, carrier bandwidth}.
Proposal 5: Different frequency resource for RIM RS-1/RS-2 is allowed for different gNB.
Observation 3: Smaller number of candidate frequency resource Y for RIM-RS detection may reduce the detection complexity, but also reduce the flexibility to convey the IDs. 
References
[1] RP-182864, Revised WID on Cross Link Interference (CLI) handling and Remote Interference Management (RIM) for NR, LGE
[2] 3GPP TR38.866 Study on remote interference management for NR
