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Introduction
In Rel-15, a study item (SI) on Remote Interference Management (RIM) was completed and the conclusions was captured in [1]. At RAN#82, a follow up work item (WI) [2] on RIM (including also CLI) was approved, with the following objectives:
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
0. 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]
1. Specify the inter-set RIM backhaul signalling via the core network to convey the messages of “RIM-RS detected” and “RIM-RS disappeared [RAN3]
1. Identify corresponding OAM functions to support RIM operation [RAN1, RAN3].

Significant progress on the design of the basic RIM RS resource and configurations was made in the SI phase, which is reflected by the SI conclusion of the TR [1]:


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

Further detailed agreements on RS resource and configurations were made in RAN1 AH 1901 meeting, and the agreements were captured in RAN1 Chairman’s notes [3].
The remaining issues on the RS design and RS configuration that need to be addressed in this meeting include:
1. The definition on RIM-RS transmission periodicity
2. Unique RIM-RS resource indexing
3. Mapping between set ID and RIM-RS resource indies
4. Time varying sequence generation for RIM-RS 
In this contribution, we discuss the remaining open issues to finalize the normative specification work of the RIM RS resource definition and configurations, including mapping of set ID information, and the sequence generation for RIM-RS.
RIM RS resource configuration
Determining the global RIM-RS transmission periodicity
It was agreed in the SI phase that the RIM-RS transmission periodicity should be a multiple of the periodicity of the TDD DL/UL pattern, or a multiple of the combined periodicity, if two TDD DL/UL patterns are configured. The transmission periodicity can be semi-statically configured per network. For all gNBs, the configured RIM-RS periodicity should be the same.

In the RAN1 AH 1901 meeting, it was agreed to:

For further study:
Global periodicity is configured based on granularity of FS periodicity containing single DL/UL switching points or FS periodicity containing dual DL/UL switching points
· when RIM RS-1 resources and RIM RS-2 resources are configured in different DL/UL switching point for each gNB, the RIM RS-1 and RIM RS-2 for each gNB bear different set ID, global periodicity is based on both all required RIM RS-1 resources, and all required RIM RS-2 resources 

In the offline RIM email discussion, the following equations were proposed to determine the global RIM RS transmission periodicity (): 
, if the indication for “enough” or “not enough” is OFF or
, if the indication for “enough” or “not enough” is ON
where the parameters are defined as following:
· Number of candidate frequency resources in the whole network: 
· Total number of set IDs for RS-1:
· The number of RIM RS sequences (CDM) in one DL/UL switching point: 
· Number of consecutive TDD DL/UL switching periods for repetition/near-far: 
· Indication of whether differentiating “enough mitigation”/ “not enough mitigation”: ON/OFF
· Total number of set IDs for RS-2:
· The number of RIM RS sequences (CDM) in one DL/UL switching points: 
· Number of consecutive TDD DL/UL switching periods for repetition/near-far: 
We agree with the proposed equations for determining the global RIM-RS transmission periodicity (), which is based on granularity of TDD DL/UL switching periods. When further deriving the global RIM-RS transmission periodicity in time units, e.g., micro-seconds/seconds/minutes, three different cases should be considered:
Case 1: Only one TDD pattern configured
Case 2: Two concatenated TDD patterns configured, and RIM-RS resources configured only in one of the TDD patterns. 
Case 3: Two concatenated TDD patterns configured, and RIM-RS resources configured in both TDD patterns.
For Case 1, it is clear that the absolute value of the global RIM-RS transmission periodicity expressed in time units equals , where  is the periodicity of the TDD pattern.
Case 2 can occur when only one of the TDD patterns is configured to have a DL/UL switching point, whereas the other TDD pattern does not have a switching point. This case can also occur when it is allowed that one of the TDD patterns cannot be configured with basic RIM-RS resources, e.g. due to short or no UL resources configured in that TDD pattern. For Case 2, it is also clear that the absolute value of the global RIM-RS transmission periodicity can be derived by , where and  are the periodicities of the first TDD pattern and the second TDD pattern, respectively.
For Case 3, depending on whether  is an even number or not, the calculation of the absolute value of the global RIM-RS transmission periodicity in time units can be different. If   is an even number, then, the global RIM-RS transmission periodicity is , otherwise, the global RIM-RS transmission periodicity is , where  denotes the floor function.
[bookmark: _Toc1146508]Adopt the following equations for  for determining the global RIM-RS periodicity:
, if the indication for “enough” or “not enough” is OFF or
, if the indication for “enough” or “not enough” is ON
 
Determining the RIM-RS resource indices
In the RAN1 AH 1901 meeting, it was agreed that each basic RIM-RS resource is uniquely indexed. In the  offline RIM email discussion, it is proposed to define the unique index of each RIM-RS resource via global resource tuple , where,  is time-domain resource index,  is frequency-domain resource index,  is sequence index, with   for RS-1 and  for RS-2 if RS-2 is configured.

In the time domain, it was proposed in the email discussion that
· for RS1, 
· for RS2, ,, …, ;
This implies that RS-1 related RIM-RS resources will be always configured before RS-2 related basic resources in the time domain.  We agree with this simple design principle since it provides a convenient way for RIM RS indexing and can simplify the mapping between set ID and RIM-RS resource index as well.

[bookmark: _Toc1146511]Adopt the RIM-RS resource indexing method proposed in the offline RIM email discussion, that is, define the unique index of each RIM-RS resource via global resource tuple , where,  is time-domain resource index with  for RS-1 and ,, …,  for RS-2 if it is configured,  is frequency-domain resource index,  is sequence index, with   for RS-1 and  for RS-2 if RS-2 is configured. 
Mapping between set ID and RIM-RS resource indices
Two different mapping rules were mentioned in the offline RIM email discussion:
Alt 1: Modulo-based operation, where the set IDs are mapped to one or several global resource indexes according to the modulo value of set ID over time/frequency/sequence sizes. 
Alt 2: Bitmapping. The basic idea is to divide the set ID into three parts, where each part corresponds to one or several global resource indexes in one domain. 
We prefer Alt1 since it is more general and flexible. Alt 2 is a special case of Alt 1, which occurs if all constituent sub-indices are a power of two, and this is too limiting in our view.
[bookmark: _Toc1146512]Modulo-based operation is adopted for mapping between set ID and RIM-RS resource indices.
A mapping example is given in the offline email discussion. In the example, for a particular ID , the corresponding time/frequency/sequence index(es) used for transmitting the RS are determined as following: 
;
, with ;
,
where  is a sequence index offset, and it is used to distinguish the RS-1 sequences for indicating “enough mitigation” or “not enough mitigation”. The parameter  is a time index offset within the global RIM-RS transmission periodicity for the particular RIM-RS and it is used for indicating the time indexes for RS-2 resources, assuming that RS-2 resources are configured after RS1 resources in the time domain.
Then, the set ID according to the RIM RS resource index as follows, 


The mapping formulas given in the above example are derived based on the following assumptions:
· The set ID is mapped to the RIM-RS resources following the order of sequence first, time-domain second, and frequency-domain third.
· More specifically, within a global RIM-RS transmission periodicity, RS-1 related set IDs are mapped to the first   RIM-RS resource time occasions, following the sequence first, time domain second and frequency domain third mapping order. If RS-2 is configured, then, RS-2 related set IDs are mapped to the rest of the RIM-RS resource time occasions, following the same mapping order as for RS-1.
· RS-1 resources and RS-2 resources can bear the same set-IDs. This is enabled by the  parameter that is used in the set ID mapping equations. 
Given the RIM-RS resource indexing method discussed in section 2.2, and if the mapping order is assumed to be sequence first, time domain second, and frequency domain third, then, we agree with the mapping equations given in the above example. It should be pointed out that the mapping order can be arbitrary, e.g. sequence first, frequency second, and time third, as long as the set of equations for deriving the resource indies from a given gNB set ID and the equation for deriving the set ID from a given RIM RS resource index are mutually consistent.
[bookmark: _Toc1146441]Given the resource indexing method in proposal 2, the mapping order can be arbitrary as long as the set of equations for deriving the resource indices from a given set ID and the equation for deriving the set ID from a given RIM RS resource index are mutually consistent.
On the case of two concatenated TDD patterns
In some cases, it is preferred to not transmit RIM-RS in every TDD DL/UL period. For instance, when the network is configured with two concatenated TDD patterns, and one TDD pattern has a very short UL duration, then, it is preferred to not configure RIM-RS transmissions in this TDD pattern. Assuming that there is one possible RIM-RS time occasion per DL/UL switching point, this can be enabled simply by adding two flags in the OAM to gNB signaling, one flag to indicate whether or not to disable RIM-RS transmissions in one TDD pattern, another flag to indicate which one of the two TDD patterns it is.
[bookmark: _Toc1146513]When configured with two TDD patterns, one TDD pattern can be configured not to transmit RIM-RS.
[bookmark: _Toc1146514]Use two flags in OAM signaling to configure the candidate resources for RIM-RS transmission: one flag to indicate whether or not to disable RIM-RS transmissions in one TDD pattern, another flag to indicate which one of the two TDD patterns it is.
Time-varying sequence generation for RIM-RS
In RAN1 AH 1901, it was agreed that:

Agreement
The initialization seed for RIM-RS is configured by OAM and the subsequent seed will be changing over time

The motivation for using a time varying sequence initialization seed is to provide resilience against a jamming repetition attack. That is, if the OAM would configure 8 fixed sequence initialization seeds to be used for each time occasion, the transmitted RIM-RS sequences would be the same over time and an eavesdropper could record and playback such a sequence in an attempt to disrupt network operation. If the sequence initialization seed instead is changing over time (depending on a time index t) according to a pre-defined formula as well as a scrambling ID  (configured by the OAM), an eavesdropper cannot perform such an attack as easily. Even though the pre-defined formula and time index may be known to the eavesdropper, it cannot determine  from the observed RIM-RS sequence without exhaustively searching through all possible values. 
The RIM-RS uses a 31-bit Gold sequence, which means sequence initialization seed is also 31 bits.
The remaining issues that needs to be determined to complete the design are thus:
· What is the range of the OAM configured scrambling ID  ?
· The range needs to be sufficiently large so that OAM has flexibility to change the scrambling ID and configure a set of scrambling IDs which result in good cross-correlation, as well as to prohibit an eavesdropper from performing an exhaustive search over all possible scrambling IDs and comparing against a received RIM-RS sequence.
· How is the time index  counted and what is the wrap-around time ? 
· A proper design should assure that the entire 31-bit space spans over all  combinations.
· What is the formula for the sequence seed as a function of t and ?
· It is crucial that good cross-correlation is assured for all time instances t so that RIM-RS detection performance is not compromised.
Formula for the time-varying sequence seed
We begin with discussing the formula for the time-varying sequence seed. It can be observed that the CSI-RS and DMRS sequence initialization seeds in NR also vary over time. For instance, the CSI-RS sequence initialization seed varies according to


Where    is the OFDM symbol index within the radio frame and  is a configured scrambling ID. However, this formula is not appropriate to be used for RIM-RS seed initialization, as will be further elaborated below.
[bookmark: _Toc1146442]The NR Rel-15 DMRS/CSI-RS time-varying sequence initialization seed formulas cannot be used for RIM-RS sequence initialization.
The reason is that the motivation for using a time-varying sequence initialization is completely different for CSI-RS/DMRS and RIM-RS. 
For CSI-RS/DMRS, each cell in the network configures a different sequence initialization seed, with the motivation to randomize inter-cell interference across OFDM symbols carrying reference signals so that the average cross-correlation of interfering cells is low, and the interference does not become structured which could lead to performance degradation.  For this use case, it is a desirable property that regardless of which two scrambling IDs  and  are used by two neighbouring cells, the average cross-correlation as a function of time is the same, i.e. it shall not be possible that by “accident” configure two scrambling IDs which always have poor cross-correlation regardless of the time index. This is achieved by non-linearly (in modulo-2 sense) combining the time counter    with the scrambling ID  in the formula for CSI-RS sequence initialization above (i.e. ).
[bookmark: _Toc1146443]For CSI-RS/DMRS sequence initialization, the time counter t and scrambling ID  is non-linearly combined, in order to assure that any combination of scrambling IDs generates approximately the same cross-correlation over time.
That is, using the CSI-RS approach, it is not possible to find a pair of scrambling IDs that will generate consistently better cross-correlation for all time indices t, and it is not possible either to find to a pair of scrambling IDs that generate consistently poor cross-correlation for all time indices t (which was the motivation for the design). Instead, all pairs of scrambling IDs result in approximately the same, sufficiently good, cross-correlation over time.
This design was chosen for CSI-RS/DMRS since several hundreds of sequences interfere with each-other at the time, and the sequences may not be assigned in an optimized fashion. However, for RIM-RS, there are at most 8 sequences colliding in the whole network at a given time, and the OAM can configure optimized scrambling IDs for the given RS bandwidth. In this case, the design target is to assure that cross-correlation properties become independent of the time index as much as possible. This can be achieved by linearly combing the time counter and the scrambling ID.
[bookmark: _Toc1146444]To assure good cross-correlation properties over time for RIM-RS sequences, the time counter t and scrambling ID can be linearly combined 
The Gold sequence generation mechanism in LTE is based on the modulo-2 additions (denoted ) of two m-sequences:

where the m-sequence  is initialized with a fixed seed (independent of configuration) and where the initialization of the m-sequence  is a function of the symbol counter  and the scrambling ID. In case the symbol counter  is linearly (in modulo 2 sense) combined with the ID, as we propose, such as , the second m-sequence can be expressed as:

which follows by noting that m-sequences are linear functions of the initializer (in modulo-2 sense). We observe that if the symbol counter and the scrambling ID are combined linearly (in modulo 2 sense), the cross-correlations between the Gold sequences generated from two different scrambling IDs are consistent across time as:


[bookmark: _Toc498717337]Which is the desired property.  Hence, from this perspective, setting is a good choice.
However, just using the time counter t directly in the sequence initialization seed formula may not be desirable, since if the formula is known (which it is), the eavesdropper can based on an observed sequence and knowing the time counter index t, calculate the sequence for the next time occasion by simple increasing the time step and adding the sequence  to the received sequence  at time t to derive . In order to prevent such an attack, one can instead let the sequence initialization seed depend not on t directly but a function of t and a configured parameter Z (which is configured by the OAM and not known by an eavesdropper).
For instance, the time counter can be counted up as . If Z is a prime number, we have that  will take all values 0…-1 if t=0…-1. This is beneficial as it maximizes the number of unique sequences transmitted. Essentially, when increasing the time counter t, the time counter index used in the sequence initialization seed  will change in according to a permutated pattern only know if the value Z is known. This prohibits an eavesdropper from predicting the next instance of the transmitted sequence and is thus a desirable property. 

[bookmark: _Toc1146515]The sequence initialization formula for RIM-RS is ,  where  is a configured scrambling ID,  is a time counter and  is a configured prime number

Values of and 
A straightforward approach is to split up the length-31 bit space of  equally between t and , for instance by setting 32768 (i.e. allocating 15 bit scrambling ID) and setting  (i.e. 16 bits). This will give OAM sufficient flexibility in controlling the seed and also sufficient wrap-around time for the time counter.
The time counter can be counted up each RIM-RS transmission occasion in time, i.e. . This implies each possible repetition of the RIM-RS is transmitted with a different sequence, which is fine, since the multiple repetitions can be combined after de-spreading with the respective sequence. Note also that it is desirable for  to be smaller than the RIM-RS transmission periodicity , in order to have the gNB set transmitting a different sequence in each RIM-RS transmission periodicity to avoid repetition attack targeting the same gNB set.
[bookmark: _Toc1146516]The time counter for the time-varying RIM-RS sequence is  where  is the time index of the RIM-RS transmission occasion.
[bookmark: _Toc1146517][bookmark: _GoBack]The value of  and 32768.

Conclusion 
Based on the discussion in this contribution we make the following observation and proposals:
Observation 1	Given the resource indexing method in proposal 2, the mapping order can be arbitrary as long as the set of equations for deriving the resource indices from a given set ID and the equation for deriving the set ID from a given RIM RS resource index are mutually consistent.
Observation 2	The NR Rel-15 DMRS/CSI-RS time-varying sequence initialization seed formulas cannot be used for RIM-RS sequence initialization.
Observation 3	For CSI-RS/DMRS sequence initialization, the time counter t and scrambling ID  is non-linearly combined, in order to assure that any combination of scrambling IDs generates approximately the same cross-correlation over time.
Observation 4	To assure good cross-correlation properties over time for RIM-RS sequences, the time counter t and scrambling ID can be linearly combined

Proposal 1	Adopt the following equations for  for determining the global RIM-RS periodicity:
, if the indication for “enough” or “not enough” is OFF or
, if the indication for “enough” or “not enough” is ON
Proposal 2	Adopt the RIM-RS resource indexing method proposed in the offline RIM email discussion, that is, define the unique index of each RIM-RS resource via global resource tuple , where,  is time-domain resource index with  for RS-1 and ,, …,  for RS-2 if it is configured,  is frequency-domain resource index,  is sequence index, with   for RS-1 and  for RS-2 if RS-2 is configured.
Proposal 3	Modulo-based operation is adopted for mapping between set ID and RIM-RS resource indices.
Proposal 4	When configured with two TDD patterns, one TDD pattern can be configured not to transmit RIM-RS.
Proposal 5	Use two flags in OAM signaling to configure the candidate resources for RIM-RS transmission: one flag to indicate whether or not to disable RIM-RS transmissions in one TDD pattern, another flag to indicate which one of the two TDD patterns it is.
Proposal 6	The sequence initialization formula for RIM-RS is ,  where  is a configured scrambling ID,  is a time counter and  is a configured prime number
Proposal 7	The time counter for the time-varying RIM-RS sequence is is  where   is the time index of the RIM-RS transmission occasion.
Proposal 8	The value of  and 32768
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