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1
Introduction
During RAN1 Ad-hoc meeting, we have made following agreements on RIM-RS configurations [1].

Agreement
· OAM configures RIM-RS configurations and provide necessary additional configuration information for one or more of functionalities of RIM-RS.

· RIM-RS configuration refers to the parameter set that includes sequence, time-frequency resource, periodicity, etc

· FFS: detailed signalling for RIM-RS configuration for repetition and near/far functionality indication,

· FFS: How to support repetition by configuration, as well as if explicit indication of near/far functionality is needed

Agreement

· Specification defines unique RIM-RS indices for indication of RIM-RS resources (in time-domain, frequency-domain, and sequence)

· Specification provides configurable mapping rule between the RIM-RS indices and Set ID;

· FFS: Details on how to handle repetition

· Note that the configurable mapping rule should be available and common to all gNBs

Agreement
A gNB can be configured with multiple set IDs

· For each set ID, multiple RIM-RS configurations can be configured

· From RX gNB perspective, there is no additional handling required compared to multiple gNBs with each gNB configured with a single set ID

Agreement

From the same transmitting gNB perspective, RS-1 and RS-2 differentiation is done in time domain only

Agreement

For different gNB in a network, RS-1 and RS-2 differentiation is done in time domain only.

Agreement

For indication of either “enough migitation” or “not enough mitigation”, two basic RIM-RS resources are used

· The two resources use the same time/frequency resource but different sequences

Agreement

For repetition/near-far-functionality, multiple basic RIM-RS resources for a gNB transmission can be configured only in consecutive TDD DL/UL switching period, with one basic RIM-RS resource per TDD DL/UL switching period

· The maximum number of consecutive TDD DL/UL switching periods for repetition/near-far-functionality is 8 (the number can be either 2, 4, or 8) with near-far functionality and with repetition
· The first half of consecutive TDD DL/UL switching periods is for repetition

· The second half of consecutive TDD DL/UL switching periods is for repetition 

· Between the first and the second half of consecutive TDD DL/UL switching periods is for near-far-functionality

· The maximum number of consecutive TDD DL/UL switching periods for repetition is 4 (the number can be either 1, 2, or 4) without near-far functionality and with repetition only

· The maximum number of consecutive TDD DL/UL switching periods is 2 with near-far functionality only

Agreement

For each basic RIM-RS resource, the OFDM symbol position within the TDD DL/UL switching period can be individually configured

Agreement
RIM-RS sequence is mapped in the frequency with respect to a common reference point for all gNBs. The reference point is configured by OAM.
Agreement

The RIM RS bandwidth is defined as the number of PRBs.

· For carrier bandwidth smaller than 20MHz, the RIM RS bandwidth is configured as 

· For 30kHz SCS: min{48 RB, carrier bandwidth}

· For 15kHz SCS: min{96 RB, carrier bandwidth}

· For carrier bandwidth larger than 20MHz, the maximum RIM RS bandwidth can be configured from a set of SCS and PRB combination, including

· {15kHz, 96 RB} = 17.28MHz

· {30kHz, 48 RB} = 17.28MHz

· {30kHz, 96 RB} = 34.56MHz

· FFS: other combinations for larger RS bandwidth and/or better frequency utilization

Agreement

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

Agreement

Maximum 22 bit gNB set ID is supported

· Actual number of gNB set ID is configurable

Agreement

· The number of RIM RS sequence (CDM) in each DL/UL switching points is configurable and common for all the DL/UL switching points transmitting RIM RS-1

· The number of RIM RS sequence (CDM) in each DL/UL switching points is configurable and common for all the DL/UL switching points transmitting RIM RS-2

· The maximum number of total RIM RS sequence within 10ms is 32 regardless how many DL/UL switching points are configured in the 10ms. 

Agreement

The maximum number of candidate frequency resource (Y) for RIM-RS detection is

· 1, for bandwidth < 40 MHz.

· 2, for bandwidth ≥ 40 MHz and < 80 MHz.

· 4, for bandwidth ≥ 80 MHz and ≤ 100 MHz.

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 reources 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 

Agreement

All configured basic RIM-RS resources have the same bandwidth and the same subcarrier spacing

In this contribution, we have provided our view on remaining issues on RIM-RS configuration. 
2
RIM-RS configurations 
According to last RAN1 meeting agreements, RIM-RS can be distinguished in time domain, freuqnecy domain and code domain. RIM-RS index will be associated with a specific RIM-RS resource (in time domain, frequency domain and sequence). 

Figure 1 gives an example of RIM-RS resources determination. The assumptions of RIM-RS transmission resources are showing below,

· Network supports half million RIM-RS indices 

· Four sub-bands are supported, RIM-RS transmits on one sub-band

· Maximum 8 RIM-RS sequences are supported
· Note: 
· the RIM-RS resource refers to one basic RIM-RS resource per TDD DL/UL switching period
· Unique RIM-RS indices for indication of RIM-RS resources (in time-domain, frequency-domain, and sequence)
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Figure 1: Illustration of RIM-RS index association with RIM-RS transmission resources

The RIM-RS index is constructed in a way that the lowest 14bits are used to determine the RIM-RS transmission timing, i.e., RIM-RS resource in time domain; the higher 3bits are used to indicate RIM-RS sequence index; the highest 2bits are used to indicate which sub-band is used for RIM-RS transmission, if only one sub-band is configured then this 2bits can be removed from the RIM-RS index construction.

One last meeting agreement is that multiple RIM-RS configurations can be configured for each gNB set ID. RIM-RS configuration refers to the parameter set that includes sequence, time-frequency resource, periodicity, and the RIM-RS index is the same as one RIM-RS configuration. So one gNB set ID will associate with multiple RIM-RS indices. In case the RIM-RS supports both the repetition and near-far-functinality, and the maxmimum number of consecutive TDD DL/UL switching periods is 8. Then one gNB set ID could assocate with 8 RIM-RS indices, the indices have the same frequency domain resources and sequence index. 

Another agreement is that the RS-1 can carry the interference mitigation effectiveness information, i.e., indication of either “enough mitigation” or “not enough mitigation”, two basic RIM-RS resources are used, and the two resources use the same time/frequency resource but different sequences. Considering both agreements together, one gNB set ID could associate with maximum 16 RIM-RS indices.

Considering the RIM-RS supporting function of repittion, near-far-functionality, and indication of mitigation effectiveness information, an example of the gNB set ID assocation with the RIM-RS index is showing in figure 2.
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Figure 2: Illustration of the relationship between gNB set ID and RIM-RS index 

Obersveration 1: one gNB set ID could associate with maximum 16 RIM-RS indices.

One gNB ID is occupying 8 RIM-RS indices in time domain, as showing in figure 3, gNB set ID has 3bits less in RIM-RS resource index field than RIM-RS index; in addition, one gNB set ID is occupying two sequences to indicate the effectiveness of mitigation scheme, such gNB set ID has 1bit less in sequence domain than RIM-RS index. The mapping between RIM-RS index nad gNB set ID is illustrated in figure 3.

The gNB set ID can be derived from the RIM-RS index:

RIM-RS resource index’ = floor (RIM-RS resource index/2^3)

SeqIndex’= SeqIndex mod(4)

Thus the gNB set ID can be constructed by three field, i.e., RIM-RS resource index’, SeqIndex’ and Sub-bandID.

[image: image3.emf]1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

RIM-RS Index (19bit)

RIM-RS resource index SeqIndex

Sub-bandID

RIM-RS resource index'

SeqIndex'

Sub-bandID

gNB set ID (15bit)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15


Figure 3: The mapping between RIM-RS index and gNB set ID

In last RAN1 meeting, it was also agreed that RS-1 and RS-2 differentiation is done in time domina only, however considering RS-1 and RS-2 are transmitted from victim and aggressor sides respectively, different gNB set ID can be configured for RS-1 and RS-2, thus it doesn’t impact the RIM-RS indce and gNB set ID mapping.

Proposal 1: gNB set ID is implicit derived from configured RIM-RS index, the configured RS repetition number and near-far-functionality.
Regarding the detailed symbols used by RIM-RS transmission, the followings were agreed in RAN1#94bis meeting [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

Considering the two symbols RIM-RS structure was agreed in RAN1#95 meeting, it can be derived that the parameter X is equal to 2, more specifically, the last two symbols before the DL transmission boundary are used for RIM-RS transmission. 

However, the agreement made in last RAN1 meeting reversed the previous meeting’s agreement, the main reason is the new RIM-RS position is needed to detect the remote interference from long distance gNB.

Agreements:
· For each basic RIM-RS resource, the OFDM symbol position within the TDD DL/UL switching period can be individually configured
With this flexible RIM-RS transmission position, the DL-UL transmission perioidicty, the slot index and the symbol index in the slot would be required to determine the RIM-RS transmison position in time domain. 
Proposal 2: The RIM-RS transmission position is deteremined by configured parameters, i.e., DL-UL transmission periodicity, the slot index and the symbol index in the slot.

3
RIM-RS sequence initialization
Though we have agreed to support initialization seed of RIM-RS sequence can be change over time, the detail procedures are not discussed yet. There are several ways to support time-varying sequence in 3GPP, and the easiest way is to use modula operation after linear combination of initialization seed and time-domain parameters. SFN or slot indices can be used as time indices. Considering the minimum bandwidth and subcarrier spacings to be supported, the minimum length of RIM-RS sequence is 24*12=288, and when 48 PRB or 96 PRB are used, the lengths are 576 and , and 1152 respectively. Thanks to the longer sequence, the cross-corelation performance is low enough even when the sequences are randomly selected. 
Thus, we can use the systematic formula to derive the sequence initialization with time indices. Because multiple receptions in a UL/DL period from different gNBs in a gNB set is expected, the sequence should be maintained in a UL/DL period. Also, in order to increase the randomness regardless of the fixed periodicity, the introduction of a randomization offset may be beneficial. The example of the equation for initialization is as follows.
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Proposal 3: RIM-RS sequence generator is initialized with 
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4
RIM-RS frequency domain structure
We have agreed to support at least upto 96 PRB of RIM-RS bandwidth, but still some discussion point remained for larger bandwidth.  Table 1 shows the simulation results of the detection probability with different RIM-RS bandwidth for a given FFT sizes. FFT size is determined from the carrier bandwidth and the subcarrier spacing (e.g. 2048 FFT for up to 30MHz with 15kHz SCS and 4096 FFT for up to 100MHz with 30kHz SCS). Based on the simulation result, the RIM-RS reception performance are not improved dramatically as RIM-RS bandwidth increase for a given carrier bandwidth (FFT size). For 2048 FFT, the performance improvement of 144 PRBs over 96 PRB is lower than the other steps. For 4096 FFT, though 144 PRBs provides better more improvement over 96 PRB, the performance is already comparable to the performance when 2048 FFT is applied. Thus, considering RIM-RS bandwidth of 20MHz with 15kHz subcarrier spacing and 40MHz with 30kHz subcarrier spacing, maximum RIM-RS bandwidth can be around 100 PRBs. If we consider 4 guard PRBs (2 + 2), then 96 PRB of RIM-RS + 4 guard PRBs can be the maximum RIM-RS configuration. 

Table 1: The required SNR for achieving average detection probability of 90% with false alarm and error detection probability < 1% in case of 2 OS PRACH-like RS (comb-1).

	
	FFT 2048
	FFT 4096

	48 PRBs
	n/a
	-

	60 PRBs
	-9.2
	-

	72 PRBs
	-14.1
	-

	96 PRBs
	-17.1
	-18.6

	144 PRBs
	-18.9
	-21.3

	196 PRBs
	-
	-22.6


Observation 2: When 2048 FFT is applied, improvement of detection performance of RIM-RS is lower for RIM-RS bandwidth beyond 96 PRBs. When 4096 FFT is applied, 144 PRB shows comparable performance.

Observation 3: 96 PRB can be a good compromise for performance and the overhead/complexity. 

Proposal 4: The maximum bandwidth of RIM-RS is 96 PRBs. 

Because we have agreed to have When RIM-RS is FDMed with normal data transmission, a guard band to minimize the interference from the normal data outside of RIM-RS bandwidth should be defined at each edge of RIM-RS bandwidth. Because normal data symbol is not repeated in time, ICI from the adjacent subcarriers may interfere detection of RIM-RS. Similar to SS/PBCH block, 2 PRBs at each edge is necessary. 

Proposal 5: When RIM-RS is transmitted in partial band with FDMed with data, guard PRBs between RIM-RS and normal data transmission should be used. The number of gurad PRBs is 2 PRBs for one side. 
5
Conclusions

In this contribution, the detailed RIM-RS configurations are discussed, the following proposal and observations are made.  
Obersveration 1: one gNB set ID will associate with maximum 16 RIM-RS indices.

Proposal 1: gNB set ID is implicit derived from configured RIM-RS index, the configured RS repetition number and near-far-functionality.
Proposal 2: The RIM-RS transmission position is deteremined by configured parameters, i.e., DL-UL transmission periodicity, the slot index and the symbol index in the slot.
Proposal 3: RIM-RS sequence generator is initialized with 
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Observation 2: When 2048 FFT is applied, improvement of detection performance of RIM-RS is lower for RIM-RS bandwidth beyond 96 PRBs. When 4096 FFT is applied, 144 PRB shows comparable performance.

Observation 3: 96 PRB can be a good compromise for performance and the overhead/complexity. 

Proposal 4: The maximum bandwidth of RIM-RS is 96 PRBs. 

Proposal 5: When RIM-RS is transmitted in partial band with FDMed with data, guard PRBs between RIM-RS and normal data transmission should be used. The number of gurad PRBs is 2 PRBs for one side. 
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