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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#AH1901, it was agreed that the OAM can configure RIM-RS configurations to the gNB [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


There are still some open issues need to be tackled, including detailed RIM-RS configuration, mapping rule between set ID and RIM-RS resources, time varying mechanism for RIM-RS initial seed, etc. In this contribution, the above issues are discussed. 

[bookmark: _Ref129681832][bookmark: _Ref521612108]Discussion
Impact of dual DL-UL switching period
In RAN1#AH1901, the transmission pattern when both repetition and near-far function are enabled has been agreed:
	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


 Figure 2‑1 illustrates the pattern of RIM-RS when both repetition and near-far function are enabled, assuming that the repetition number is 2.
[image: ]
[bookmark: _Ref950735]Figure 2‑1 Illustration of the pattern when repetition and near-far function are enabled, single DL-UL switching period.
However, it is still unclear how to handle the case when the gNB is configured with dual DL-UL switching periods. When a gNB is configured with dual DL-UL switching periods, it is possible to choose only one of the DL-UL switching periods to transmit RIM-RS. For example, if the gNB is configured with the dual DL-UL switching periods of ‘DDDSU-DDSUU’, it may be desired to transmit the RIM-RS only in the second one (i.e. ‘DDSUU’) to achieve better detection range.
Therefore, it is suggested that when a gNB is configured with dual DL-UL switching periods, it can be configured to transmit the RIM-RS in the first, second or both DL-UL switching periods.
Proposal 1: If a network is configured with dual DL-UL switching periods, the network can be configured to transmit RIM-RS in the {1st, 2nd, Both} DL-UL switching period(s).
When only one of the DL-UL switching periods is applied to transmit the RIM-RS, the RIM-RS is transmitted every other DL-UL switching period. Figure 2‑2 illustrates the case when the RIM-RS is transmitted in the 2nd DL-UL switching period. In Figure 2‑2, both repetition and near-far function are enabled, and the repetition number is 2.
[image: ]
[bookmark: _Ref964781]Figure 2‑2 Illustration of the pattern when repetition and near-far function are enabled with dual DL-UL switching periods, and only one DL-UL switching period is transmitting RIM-RS.
When both DL-UL switching periods are applied to transmit the RIM-RS, the RIM-RS transmission can be the same with the case when the gNB is configured with single DL-UL switching period, as shown in Figure 2‑3.
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[bookmark: _Ref965295]Figure 2‑3 Illustration of the pattern when repetition and near-far function are enabled with dual DL-UL switching periods, and both DL-UL switching period are transmitting RIM-RS.
For the case when the gNB is configured with dual DL-UL switching periods, we have the following proposal:
Proposal 2: If a gNB is configured with dual DL-UL switching periods, repetition number  and  symbol locations,  
· If only one of the DL-UL switching periods is configured to transmit RIM-RS, the RIM-RS is transmitted in every other DL-UL switching period within  consecutive DL-UL switching periods.
· If both DL-UL switching periods are configured to transmit RIM-RS, the RIM-RS is transmitted in each DL-UL switching period within  consecutive DL-UL switching periods.
RIM-RS configuration
In RAN1#AH1901, the following agreements have been achieved as the guideline for RIM-RS configuration:
	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 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.


Concluded from the agreements, unique RIM-RS resource indices shall be specified to indicate a specific RIM-RS resource, which includes time-domain resource, frequency domain resource, and sequence.  Two additional functions are supported, i.e., RS-1/RS-2 differentiation by TDM manner, and ‘Enough/Not enough’ differentiation by CDM manner. Two set IDs are configured to the gNB for RS-1 and RS-2 respectively, if differentiation of RS-1 and RS-2 is supported.
To enable unique mapping between RIM-RS resource indices and the RIM-RS resource, the following common parameters can be configured to all gNBs. The parameters except for RIM-RS specific periodicity are also common to all set IDs and all kinds of RIM-RS, so that RIM-RS detection algorithms can be common for all detection occasions which is beneficial for hardware implementation.
Table 2‑1 Common parameters to all gNBs.
	Parameter
	Notes

	RIM-RS sequences set
	This can be the set of parameters related to the sequences, e.g. the set of the initialization seeds at the beginning of a sweeping period. 

	Frequency resource set
	The frequency resource set shall include 1, 2 or 4 candidate frequency resources, which share the same common reference point and RIM-RS bandwidth.
Each of the candidate can be determined by a starting frequency.

	Repetition number
	Number of the repeated DL-UL switching periods for the RIM-RS. It can be chosen from {1, 2, 4}.
This parameter may be omitted if no repetition is applied.

	OFDM symbol location within the DL-UL switching period
	OFDM symbol location within a DL-UL switching period. For example, it can be the index of the starting OFDM symbol of the basic RIM-RS resource (containing 2 OFDM symbols).
This parameter can be a vector, e.g. {l1, l2}, to support the near-far functionality.

	Enough/Not enough flag
	Indicates whether ‘Enough/Not enough’ differentiation is supported.
This parameter may be omitted if ‘Enough/Not enough’ differentiation is not required.
This parameter may be omitted for RS-2 (if RS-2 is configured).

	Dual DL-UL switching period validity flag
	For the case dual DL-UL switching period is configured, this parameter indicates whether the RIM-RS will be conveyed in the {1st, 2nd, Both} DL-UL switching period(s). 
This parameter is omitted for the case that the gNB is configured with single DL-UL switching period.

	Periodicity for RIM-RS/RS-1
	Indicates the sweeping period of the RIM-RS/RS-1.
The periodicity can be in number of a time-unit, where each time-unit is defined as the consecutive DL/UL switching periods, determined by the repetition number, the near-far functionality, and the dual DL-UL switching period configuration. 
This parameter may be omitted, since it can be obtained by the length of the set ID, number of the RIM-RS/RS-1 sequences and number of the frequency resources. 

	Periodicity for RS-2
	Indicates the sweeping period of the RS-2 if configured.
The periodicity can be in number of a time-unit, where each time-unit is defined as the consecutive DL/UL switching periods, determined by the repetition number, the near-far functionality, and the dual DL-UL switching period configuration. 
This parameter may be omitted, since it can be obtained by the length of the set ID, number of the RS-2 sequences and number of the frequency resources. 


 Additionally, the following parameters for each set ID can be informed to the gNB as the gNB dedicated parameters.
Table 2‑2 gNB dedicated parameters.
	Parameters
	Notes

	Value of the set ID
	The set ID indicates the RIM-RS sequences, time-frequency resource by the mapping rule. The length of set ID should be the same to all gNBs.

	RS-1/RS-2 flag 
	Indicates whether the RIM-RS (or the set ID) is corresponding to RS-1 or RS-2.
This parameter is omitted if only one set ID is configured.
This parameter may be omitted even if 2 set IDs are configured, e.g., if it is predefined that the first set ID is corresponding to RS-1 and the second one is corresponding to RS-2.


Also, specification shall provide a unified mapping rule between the set ID, the RIM-RS resource index and the RIM-RS resource, in which the parameters shall be configurable. The mapping rule will be discussed in Section 2.3.
Proposal 3: The following common parameters shall be configured to all gNBs, and applied to all the set IDs and all kinds of RIM-RS:
· RIM-RS sequences set
· Frequency resource set
· Repetition number
· OFDM symbol location within the DL-UL switching period
· Enough/Not enough flag
· Dual DL-UL switching period validity flag.
Proposal 4: The following common parameters shall be configured to all gNBs, but are RIM-RS specific
· Periodicity for RIM-RS/RS-1
· Periodicity for RS-2
Proposal 5: The following gNB dedicated parameters shall be configured to gNB
· Value of the set ID 
· RS-1/RS-2 flag
[bookmark: _Ref536805049]Mapping between set ID, RIM-RS resource index and RIM-RS resource
For indication of RIM-RS resource, a RIM-RS resource index  can be divided into 3 non-overlapped parts:
· Sequence indication part 
· Frequency indication part
· Time unit indication part
For the sequence indication part, it can be used as the index of a set of initialization seeds, which will be applied to determine the RIM-RS. For the frequency indication part, in can be used as the index of a set of candidate frequency resources. For the time unit indication part, it can be the index of a set of time unit within the sweeping period of the RIM-RS.
Therefore, a resource index  is equivalent to a set of indices , which jointly indicate the index of sequences, index of frequency resource and index of time unit. Figure 2‑4 illustrates the relationship between  and , assuming that  is the MSB part and  is the LSB part of .
[image: ]
[bookmark: _Ref971341]Figure 2‑4 Division of the resource index.
The relationship between  and  can also be presented by the following formula

where the bit length of sequence indication part (), the bit length of frequency indication part () and the bit length of time unit indication part () shall be configurable.
[bookmark: _GoBack]Proposal 6: A unique one-dimensional resource index for RIM-RS resources is mapped from 3 non-overlapped index components, i.e. RIM-RS sequence index, frequency resource index and time unit index, in the order thereof.
Global period of RS-1 and RS-2
It has been agreed that RS-1 and RS-2 are TDM only. Therefore, when the gNB is configured with two set IDs, i.e. RS-1 and RS-2, the global period of RIM-RS shall be the sum of the RS-1 period and RS-2 period. Considering that the mapping between the resource index and the total RIM-RS resource is a one-to-one mapping, the resource index shall also be a global one.
If the gNB is configured with only one set ID and RS-2 is not configured. This is equivalent to the case that the RS-1 period is equal to the global period. In this case, when mapping the set ID  to the resource index , the most direct and simplest way is assigning the value of  to .
On the other hand, if the gNB is configured with two set IDs, i.e.  for RS-1 and  for RS-2, the mapping between the set ID to the resource index shall be reconsidered, especially for the part corresponding to and . One solution is introducing an offset when calculating the time unit index for RS-2 (or RS-1). Figure 2‑5 illustrates the mapping between ,  and . 

[image: ]
[bookmark: _Ref983827]Figure 2‑5 Global period of RS-1 and RS-2.
In Figure 2‑5, it is assumed that the global period is 6 time units, where the time unit 0~3 are for RS-1 and the time unit 4~5 are for RS-2. The LSB 2 bits of indicates the corresponding time unit from 0~3. However, the LSB 1 bit of , which can indicate 0~1, shall be mapped to 4~5 to indicate the correct time unit by the global resource index. This is realized by adding Offset1 to  and Offset2 to  respectively. Specifically, Offset2 is 22=4, while Offset1 is 0 and may be omitted.
Observation: A time offset can be introduced for mapping the set ID to the unique resource index when more than one set ID is configured.
Impact of ‘Enough/Not enough’ functionality
It has been agreed that the RIM-RS for ‘Enough’ and ‘Not enough’ are CDM but share the same time-frequency domain resource. In this subclause, we discuss the mapping between the set ID   and the resource index  corresponding to the set ID, considering the ‘Enough/Not enough’ functionality.
If the ‘Enough/Not enough’ functionality is not configured, the most direct and simplest way is assigning the value of  to . As an example, Figure 2‑6 illustrates the mapping between the set ID, resource index and RIM-RS resource. It is assumed that the repetition number is 2, the near-far functionality is supported, and the gNB is with single DL-UL switching period. The 3 MSB of the set ID are used as the sequence index to choose a RIM-RS sequence from 8 sequence candidates. The following 2 bits are used as the frequency index to choose a frequency resource from 4 frequency resource candidates. The N-5 LSB bits are used as the time unit index to choose a time unit from a sweeping period of 2(N-5) time units.
[image: ]
[bookmark: _Ref971784]Figure 2‑6 Illustration of the mapping between set ID and the RIM-RS resources. ‘Enough/Not enough’ functionality is not configured.
In this case, it should be guaranteed that the bit length of the set ID and the bit length of the resource index are the same.
On the other hand, if the ‘Enough/Not enough’ functionality is supported, one additional bit can be used to determine the RIM-RS sequence, where ‘0’ and ‘1’ represents ‘Enough’ or ‘Not enough’ respectively. Then, only  MSB bits of the set ID are required to indicate the RIM-RS sequence. 
Figure 2‑7 illustrates the mapping between the set ID and RIM-RS resource. It is assumed that the ‘Enough/Not enough’ functionality is supported, where the ‘E/N’ bit represents the value corresponding to the gNB’s determination of ‘Enough/Not enough’.
[image: ]
[bookmark: _Ref536807180]Figure 2‑7 Illustration of the mapping between set ID and the RIM-RS resources with ‘Enough/Not enough’ function.
By applying the ‘Enough/Not enough’ bit in determining the RIM-RS sequence index, the RIM-RS sequences representing ‘Enough’ and ‘Not enough’ are naturally separated. Note that, when ‘Enough/Not enough’ functionality is configured, the bit length of the set ID is 1 bit shorter than the bit length of resource index.
Furthermore, considering that RS-2 is transmitted by the interfering gNB, it is unnecessary to convey ‘Enough/Not enough’ information by RS-2.
We have the following proposal: 
Proposal 7: When mapping the set ID(s) to the corresponding resource index:
· If RS-2 is not configured:
· If ‘Enough/Not enough’ functionality is not configured, the value of set ID1 is assigned to the corresponding resource index for RS-1.
· If ‘Enough/Not enough’ functionality is configured, the value of the resource index for RS-1 is jointly determined by the value of set ID1 and an ‘Enough/Not enough’ bit, where the MSB of the sequence index is determined by the ‘Enough/Not enough’ bit and the other bits of the sequence index are determined by the value of sequence indication part of set ID1.
· If RS-2 is configured:
· If ‘Enough/Not enough’ functionality is not configured, the value of the resource index for RS-1 and RS-2 is jointly determined by the value of set ID1 and set ID2 and Offset1 and Offset2, where the time unit index for set ID1 is calculated by the sum of Offset1 and the value of time domain indication part of set ID1, and the time unit index for set ID2 is calculated by the sum of Offset2 and the value of time domain indication part of set ID2. One of Offset1 and Offset2 can be 0.
· If ‘Enough/Not enough’ functionality is configured, the value of the resource index for RS-1 is jointly determined by the value of set ID1, Offset1 and an ‘Enough/Not enough’ bit, where the time unit index for set ID1 is calculated by the sum of Offset1 and the value of time domain indication part of set ID1, and ‘Enough/Not enough’ bit is applied to determine the RIM-RS sequence, where the MSB of the sequence index is determined by the ‘Enough/Not enough’ bit and the other bits of the sequence index are determined by the value of sequence indication part of set ID1; the value of the resource index for RS-2 is jointly determined by the value of set ID2 and Offset2, where the time unit index for set ID2 is calculated by the sum of Offset2 and the value of time domain indication part of set ID2. One of Offset1 and Offset2 can be 0.
Time-varying RIM-RS sequence
It is agreed that the initialization seed for RIM-RS can be varying over time:
	Agreement
The initialization seed for RIM-RS is configured by OAM and the subsequent seed will be changing over time


To enable time-varying initialization seed, the simplest way is to apply time-related parameters into the calculation of initialization seed. To be specific, one set of base seeds in size of  is configured for RIM-RS sequence generation. And one time-related parameter (e.g. a counter of time unit) is applied to generate a time-varying seed offset. The actual initialization seed is the base seed mapped from gNB set ID and offset by the time-varying seed offset.. 
It should be decided the granularity of the time varying. In our view, the granularity should be not less than a time unit which covers the duration for time repetition and/or near-far functionality. The granularity can be up to the sweeping periodicity, then the RIM-RS sequences in different sweeping period are different. With a finer granularity, the network is more robust to malicious attack, but the detection complexity may be increased. The granularity should be carefully decided.
For example, the initialization seed  can be defined as

where  is the initial value indicated by the set ID (and the ‘Enough/Not enough’ bit), and  is the counter of the RIM-RS time unit, and q is a configurable private parameter.
Also, a reference time may be required to align the initialization seed. The reference time is predefined or configured by OAM. For example, the UTC 00:00 can be applied as the reference time, when all the gNBs will reset the initialization seed (e.g. reset the counter of time unit). 
Proposal 8: The initialization seed of the RIM-RS resource is jointly determined by an initial value and a counter of a specific time granularity.

Conclusions
In this contribution, we share our views on RIM-RS configuration. The observation and proposals are summarised as follows:
Observation: A time offset can be introduced for mapping the set ID to the unique resource index when more than one set ID is configured.
Proposal 1: If a network is configured with dual DL-UL switching periods, the network can be configured to transmit RIM-RS in the {1st, 2nd, Both} DL-UL switching period(s).
Proposal 2: If a gNB is configured with dual DL-UL switching periods, repetition number  and  symbol locations,  
· If only one of the DL-UL switching periods is configured to transmit RIM-RS, the RIM-RS is transmitted in every other DL-UL switching period within  consecutive DL-UL switching periods.
· If both DL-UL switching periods are configured to transmit RIM-RS, the RIM-RS is transmitted in each DL-UL switching period within  consecutive DL-UL switching periods.
Proposal 3: The following common parameters shall be configured to all gNBs, and applied to all the set IDs and all kinds of RIM-RS:
· RIM-RS sequences set
· Frequency resource set
· Repetition number
· OFDM symbol location within the DL-UL switching period
· Enough/Not enough flag
· Dual DL-UL switching period validity flag.
Proposal 4: The following common parameters shall be configured to all gNBs, but are RIM-RS specific
· Periodicity for RIM-RS/RS-1
· Periodicity for RS-2
Proposal 5: The following gNB dedicated parameters shall be configured to gNB
· Value of the set ID 
· RS-1/RS-2 flag
Proposal 6: A unique one-dimensional resource index for RIM-RS resources is mapped from 3 non-overlapped index components, i.e. RIM-RS sequence index, frequency resource index and time unit index, in the order thereof.
Proposal 7: When mapping the set ID(s) to the corresponding resource index:
· If RS-2 is not configured:
· If ‘Enough/Not enough’ functionality is not configured, the value of set ID1 is assigned to the corresponding resource index for RS-1.
· If ‘Enough/Not enough’ functionality is configured, the value of the resource index for RS-1 is jointly determined by the value of set ID1 and an ‘Enough/Not enough’ bit, where the MSB of the sequence index is determined by the ‘Enough/Not enough’ bit and the other bits of the sequence index are determined by the value of sequence indication part of set ID1.
· If RS-2 is configured:
· If ‘Enough/Not enough’ functionality is not configured, the value of the resource index for RS-1 and RS-2 is jointly determined by the value of set ID1 and set ID2 and Offset1 and Offset2, where the time unit index for set ID1 is calculated by the sum of Offset1 and the value of time domain indication part of set ID1, and the time unit index for set ID2 is calculated by the sum of Offset2 and the value of time domain indication part of set ID2. One of Offset1 and Offset2 can be 0.
· If ‘Enough/Not enough’ functionality is configured, the value of the resource index for RS-1 is jointly determined by the value of set ID1, Offset1 and an ‘Enough/Not enough’ bit, where the time unit index for set ID1 is calculated by the sum of Offset1 and the value of time domain indication part of set ID1, and ‘Enough/Not enough’ bit is applied to determine the RIM-RS sequence, where the MSB of the sequence index is determined by the ‘Enough/Not enough’ bit and the other bits of the sequence index are determined by the value of sequence indication part of set ID1; the value of the resource index for RS-2 is jointly determined by the value of set ID2 and Offset2, where the time unit index for set ID2 is calculated by the sum of Offset2 and the value of time domain indication part of set ID2. One of Offset1 and Offset2 can be 0.
Proposal 8: The initialization seed of the RIM-RS resource is jointly determined by an initial value and a counter of a specific time granularity.
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