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[bookmark: _GoBack]1	Introduction
In RAN1#94 [1], discussion took place regarding RIM frameworks and it was agreed to capture four different frameworks in 3GPP TR 38.866. All these frameworks rely on the victim gNB performing RIM-RS transmission upon detection of RI to notify aggressor gNB(s) that they are causing RI to the victim. Two of these frameworks, Framework 2-1 and 2-2, rely on backhaul signalling from the aggressor to the victim(s) to notify the victim(s) that the transmitted RIM-RS was received. Thus, for these frameworks, the RIM-RS transmission must carry victim gNB identification information for backhaul link establishment. It is possible that several victim gNBs form a set of gNBs which share the same RIM-RS, and thus the RIM-RS transmission must convey a gNB set ID.
In RAN1#94bis [2], further agreements were reached on how to distinguish RIM-RS resources for the purpose of conveying gNB set ID information
Agreements:
· At least one of the following methods is supported to distinguish RIM-RS resources:
· TDM method: different time-domain occasions are used to distinguish RIM-RS resource
· FDM method: different frequency positions are used to distinguish RIM-RS resource
· FFS: comb offsets if comb-like frequency structure is adopted;
· CDM method: different RS sequences are used to distinguish RIM-RS resource
· FFS: the number of sequences transmitted on the same time-frequency resource;
· FFS: OCC index if frequency-domain OCC is adopted.
· Other methods are not precluded.

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:
· 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)
Note: Companies are encouraged to check 2.4.5 of R1-1812025 for illustration of RIM RS transmission time-domain patterns.
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:
· Study further potential enhancement to improve RS detection performance including potential spec impact (if any):
· FFS. power boosting (e.g., symbol-level, etc.)
· FFS. time-domain repetition including granularity of repetitions
· FFS. whether additional signaling is necessary


In this contribution, we discuss the remaining details on how the gNB set ID can be conveyed in the RIM-RS transmission.
2	Discussion
In order to convey information over a communication channel without requiring fine time-frequency synchronization or coherent channel estimation, the most robust approach is to partition the available transmission resources into a set of possible (pseudo-)orthogonal transmission locations using time, frequency and/or code-division multiplexing. To convey a certain message, the transmitter would transmit a signal in one of the transmission locations and the receiver would try to detect a signal in all possible transmission locations. Based on in which transmission location the receiver detects a transmitted signal, a certain message is conveyed. The amount of information that can be transmitted in this way is thus  bits, where N is the number of time/frequency/code transmission locations. Hence, such a scheme can be used to encode a gNB set ID into the RS transmission.
It is desirable to have a flexible method for the network to allocate the RS transmission occasion and sequence for the gNBs. That is why it was decided in RAN1#94 that a RS transmission may carry a “gNB set ID” rather than a gNB ID or cell ID or equivalent. For instance, depending on its topology and applied RIM mitigation scheme, certain network implementations may find it desirable to group a larger number of gNBs in a set and to use the same RIM-RS configuration for all the gNBs in the set, while other network implementations may allocate separate RIM-RS configurations to each individual gNB. The grouping of gNBs by network configuration should however be transparent to each individual gNB, and the RIM-RS transmission configuration should only depend on the gNB set ID, which could be configured to the gNB by OAM.
[bookmark: _Toc528943782]The RIM-RS transmission configuration depends only on the “gNB set ID”
Given a certain maximum ID space of the gNB set ID, the next question is how to partition the transmission locations between code, frequency and time-domains. If more time-domain locations are allocated, the possible transmission occasions for a certain gNB would be sparser in time and hence it would take longer time to sound all gNBs in the network, which increases the delay before a RIM mitigation mechanism can be applied at the aggressor, especially if multi-shot detection of the RIM-RS is required. On the other hand, if more code-domain locations are allocated, the detection complexity is increased as the gNB has to try to detect more sequences per transmission occasion (and in addition, the detection probability is decreased). Thus, it is not clear that a fixed mapping of gNB set ID to RIM-RS transmission configuration can be used. Instead, it would be beneficial to introduce some configurability so that the RIM-RS transmissions can be tailored toward the need of each network implementation. It was already agreed in RAN1#94bis to make the RIM RS transmission  periodicity configurable. We propose that other RIM-RS transmission parameters are configurable as well.
[bookmark: _Toc528943783]The RIM-RS transmission should be configurable so that it can be tailored toward different network implementations
3	Proposed RIM-RS transmission framework
In RAN1#94bis, some progress was made in defining the RIM-RS transmission framework. In particular, it was agreed that at least RS-1 is mapped to the last X OFDM symbols before the 1st reference point, where the first reference point referes to a common understanding in the network of a DL tranmission boundry occuring within a TDD DL/UL period. In our understanding, which we would like RAN1 to confirm, this implies that one RIM RS transmission occasion may occur in each instance of a TDD-UL-DL-Pattern  (as semi-statically configured by pattern1 and optionally pattern2  in TDD-UL-DL-ConfigCommon). That is, if two concatenated semi-static TDD periodicites are configrued, a RIM-RS may be transmitted in each of the two concatenated TDD patterns, as is illustarted in Figure 1 below.

[bookmark: _Ref528855520]Figure 1: Illustration of possible RIM RS transmission occasion within each TDD periodicity for, non-concatenated and concatenated TDD periodicity

[bookmark: _Toc528943784]One RIM-RS transmission occasion may occur in each instance of semi-statically configured TDD pattern according to pattern1 and pattern2 (if present) of TDD-UL-DL-Pattern  

That is, there is one possible time occasion where RIM-RS can be transmitted within each P ms TDD periodicity, in the case of non-concatenated TDD configuration. In case of two concatenated TDD configurations (P1+P2 ms), there can be either one or two RIM-RS transmission occasions, depending on whether a DL/UL switching point exists in only one or both of the two concatenated TDD patterns (one TDD pattern may be DL only, for instance).
For each RIM-RS transmission occasion, the transmission resource can be further divided into FDM and CDM. 
It has already been agreed that the location of the RIM-RS in the frequency-domain, corresponding to a certain gNB set, is known to the receiving gNB. This implies that there is a one-to-one mapping between gNB set ID and frequency-domain position of the RIM-RS. The receiving gNB would thus need to be configured by the network (e.g. via OAM) with this mapping so that it knows where to look for the RS. This configuration would implicitly define the possibilities for FDM of the RIM-RS. That is, to accomplish FDM, we can define a set of subbands, for instance parametrized by the candidate starting positions of the RS in the frequency-domain, . Based on in which subband the RS is detected, some information about the gNB set ID is conveyed, corresponding to bits of information. This is illustrated in Figure 2 below.

[image: ]
[bookmark: _Ref528856990]Figure 2: Illustration of FDM of RIM-RS
Depending on the carrier BW utilized, different degree of FDM may be suitable, and in some cases where the minimum system BW is deployed, FDM may not be possible at all. We therefore propose that the number of candidate subbands is configurable by the network.
[bookmark: _Toc528943785]	In a RIM-RS transmission occasion, the RIM-RS is transmitted in one out of candidate subbands, where  is configurable by the network
A RIM-RS is thus transmitted in a RIM-RS transmission occasion and in a certain subband. Further information can be encoded in which RS sequence is transmitted on that time-frequency resource. We can assume that one out of  possible RIM-RS sequences is transmitted, which can convey  bits of information. The value of , i.e. the number of sequences a gNB may try to detect, should  be configurable by the network.
[bookmark: _Toc528943786]In a RIM-RS transmission occasion and subband, one out of  RIM-RS sequences can be transmitted, where  is configurable by the network
As was agreed in RAN1#94bis, the RIM-RS is based on length-31 Gold sequences and so the  candidate sequences would correspond to different sequence initialization seeds (i.e. ). There is a further FFS point if additionally, FD-OCC is to be used. In our understanding, the following approaches could be used to incorporate FD-OCC.
Assume a size-M FD-OCC is used, i.e. the cover code is defined by the vector , the modulated Gold sequence is defined by  and the resulting symbols mapped to a subcarrier is denoted  for subcarrier index . Two alternatives are possible:
· Alt 1: )
· Alt 2: )
In Alt 1, the receiver would first have to descramble the OCC on blocks of M adjacent REs to retrieve the sequence r(m) for a certain OCC-candidate and then proceed to do detection in the time domain. However, since the RS transmissions from multiple gNB sets are not time-aligned, their OCC-sequence would be modulated in the frequency-domain and the orthogonality would be completely lost. Hence, it is not possible to reliably detect the sequence by using such an approach. As an alternative, the receiver can treat resulting sequence  as a new sequence and directly try to detect all possible combinations of OCC-index and Gold-sequence-index. This would essentially create a new PN-sequence. However, if that is the intention, one can equally well just increase the sequence space for the Gold sequence directly, as there is no performance or complexity gain to be had by considering concatenation of Gold sequence and FD-OCC (in fact, performance is likely to get worse due to possible more correlated effective sequences).
For Alt 2, the strategy of the receiver would be to first try to detect the Gold sequence r(m) and then descramble the OCC. That is, the OCC sequence would be embedded into the effective channel experience by the Gold sequence. However, this effective channel would be very frequency selective, since the OCC would change the phase 180 degrees across adjacent subcarriers, which would severely degrade the detection performance of the sequence.
Hence, neither method can reliably be used to convey additional information bits with FD-OCC.
[bookmark: _Toc528943780]FD-OCC cannot be used to convey additional information bits on top of multiple PN-sequence detection for the RIM scenario
[bookmark: _Toc528943787]Do not support FD-OCC for RIM-RS encoding 

As the reliable detection of the RIM-RS is essential for any dynamic RIM framework to function, it is crucial to assure the detection performance of the RIM-RS even under sever conditions, such as heavily asymmetric IoT scenario. To boost the detection performance, we can consider repetition of the RIM-RS across several RIM-RS transmission occasions. That is, the same gNB set would transmit the same RS sequence in the same subband in two or more subsequent RIM-RS transmission occasions, in order to enable the receiving gNB to coherently combine the multiple transmissions. One can also consider to introduce some frequency-hopping procedure rather than pure repetition.
To facilitate this, we can define a configurable RIM-RS repetition factor  which indicates that the same RIM-RS transmitted by a given gNB set is repeated times across subsequent RIM-RS transmission occasions. The  repetitions constitute a RIM-RS repetition set. This is illustrated in Figure 3.

[image: ]
[bookmark: _Ref528857899]Figure 3: Illustration of repetition of the RIM-RS within a RIM-RS repetition set

[bookmark: _Toc528943788]Support repetition of the same RIM-RS sequence across  subsequent RIM-Rs transmission occasions, where  is configured by OAM
Some parts of the gNB set ID can thus be encoded in the selection of RS sequence and frequency-location for the transmitted RS(s), while the remaining parts of the gNB set ID can be encoded in the time location of the RIM-RS repetition set. Thus, a mapping is needed between part of the gNB set ID and the transmission occasion(s), however how this can be done is not obvious since NR TDD configurations are very flexible. 
The allowed non-concatenated TDD periodicities using 30kHz SCS as an example are  ms while the allowed concatenated TDD periodicities are  ms. Not all combinations of P1 and P2 are allowed, since  must divide 20ms evenly in order to comply with UEs assumption on the presence of SSB during initial access. Thus, especially due to that concatenated TDD configurations can be used, it can be quite complicated to determine the number of available DL/UL switching points over a certain time period. However, we note that regardless of TDD configuration, all periodicities “resets” over 20ms. Hence a 20ms interval, i.e. two 10ms radio frames, can be used as a reference point.
[bookmark: _Toc528943781]All NR TDD periodicities must divide 20 ms evenly, hence 20ms time interval can be used as reference points regardless of TDD configuration to derive possible RIM-RS transmission occasions
It is therefore proposed that a 20 ms radio frame pair (RFP) consisting of two subsequent 10 ms radio frames are used as this reference point. Within a radio frame pair, the network can configure that  RIM-RS repetition sets can be allocated (where each RIM-RS repetition set correspond to a different gNB set). Depending on the actual TDD configuration used as well as the number of RIM-RSs in the RIM-RS repetition set, there will be a maximum possible value of . For instance, if 5 ms TDD periodicity is used and ,  can be either 1 or 2, while for 1ms TDD periodicity and , the value of  can range from 1 to 20. The configuration of  would thus indicate to the receiver gNB of where it can search for possible RS transmissions by other gNB sets. 
[bookmark: _Toc528943789]Define a radio frame pair as two subsequent radio frames. Each radio frame pair can contain up to  consecutive RIM-RS repetition sets, which is configurable by the network.
The proposed RIM RS transmission framework is illustrated in Figure 4 below.


[bookmark: _Ref525287054]Figure 4: Illustration of RIM RS transmission possibility in each configured TDD pattern

The gNB set ID space would then be determined by the RIM-RS transmission periodicity, i.e. how many RFPs would transpire between two RIM-RS transmission occasions for the same gNB set. 

[bookmark: _Toc528943790]Define the RIM-RS transmission periodicity as s, i.e. consisting of  radio frame pairs
Thus, the parameters ) would define the RIM-RS transmission framework and there would be transmission occasions for a RIM-RS repetition set, while there would be   different possible RS sequences for RIM-RS repetition set and  possible frequency locations. This results in possible gNB set IDs, i.e. .

[bookmark: _Toc528943791]The parameters ,, ) constitute a RIM-RS framework configuration and is configured to the gNB by OAM for RIM-RS transmission/reception
An example is given below how sequences and transmission occasions can be encoded into the gNB set ID using this framework.
Example Encoding:
· A radio frame pair index  is mapped to allocated radio frames for RIM-RS transmission as . That is two adjacent radio frames with subsequent system frame numbers (SFN) are allocated every 2 radio frames.
· A repetition set index  defines the allocated RIM-RS repetition set within the radio frame pair.
· A subband index  defines the allocated subband for the RIM-RS.
· One sequence ID  defines the allocated sequence.
· The above indexes are mapped to different bits of the gNB set ID.

A relevant parameter setting for the framework that results in reasonable RS periodicities and detection complexity is given below.
Example of ID space:
- 	TDD periodicity = 2.5 ms
- 	1 switching point per TDD periodicity
-	This leads to 8 RIM-RS transmission occasions within one RFP that are split up to carry
-	=3
-	=2
-	The number of RS sequences are assumed to be =8
-	The number subbands are assumed to be =4
- 	The RS periodicity is assumed to be 30 sec, hence =1500.
-	This gives rise to =144000 gNB set IDs (carried by 18 bits)

[bookmark: _Ref178064866]4	Conclusions
In the previous sections we made the following observations: 
Observation 1	FD-OCC cannot be used to convey additional information bits on top of multiple PN-sequence detection for the RIM scenario
Observation 2	All NR TDD periodicities must divide 20 ms evenly, hence 20ms time interval can be used as reference points regardless of TDD configuration to derive possible RIM-RS transmission occasions


Based on the discussion in the previous sections we propose the following:
Proposal 1	The RIM-RS transmission configuration depends only on the “gNB set ID”
Proposal 2	The RIM-RS transmission should be configurable so that it can be tailored toward different network implementations
Proposal 3	One RIM-RS transmission occasion may occur in each instance of semi-statically configured TDD pattern according to pattern1 and pattern2 (if present) of TDD-UL-DL-Pattern
Proposal 4	In a RIM-RS transmission occasion, the RIM-RS is transmitted in one out of candidate subbands, where  is configurable by the network
Proposal 5	In a RIM-RS transmission occasion and subband, one out of  RIM-RS sequences can be transmitted, where  is configurable by the network
Proposal 6	Do not support FD-OCC for RIM-RS encoding
Proposal 7	Support repetition of the same RIM-RS sequence across  subsequent RIM-Rs transmission occasions, where  is configured  by OAM
Proposal 8	Define a radio frame pair as two subsequent radio frames. Each radio frame pair can contain up to  consecutive RIM-RS repetition sets, which is configurable by the network.
Proposal 9	Define the RIM-RS transmission periodicity as s, i.e. consisting of  radio frame pairs
Proposal 10	The parameters ,, ) constitute a RIM-RS framework configuration and is configured to the gNB by OAM for RIM-RS transmission/reception
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