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1 Introduction
[bookmark: _GoBack]In RAN1 AH#1901, the following agreements have been made for basic RIM-RS and RIM-RS configurations:
	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 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
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
· 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


Based on those agreements, this contribution discusses the remaining issues of RIM-RS resource and configurations, including necessary configuration information for RIM-RS by OAM, unique indexing of RIM-RS resource (in time-domain, frequency-domain, and sequence domain) and a common mapping rule between RIM-RS resources and set ID.
2 Necessary configuration information for RIM-RS
It is our view that the signalling for the followings should be specified for RIM-RS configuration and for gNB set ID identification:
· Global RIM-RS transmission periodicity (), which is defined as  in time units, where  is the configured periodicity of single DL-UL pattern periodicity or two concatenated DL-UL patterns. This is aligned with the definition in TR 38.866. Further the number of available RIM-RS time-domain transmission occasions within  is  ,  is the number of UL-DL switching period containing RIM-RS in the concatenated DL-UL patterns,  is always 1 in case of single DL-UL pattern configured. Only one RIM-RS transmission occasion is allowed in a DL-UL switching period. Equivalently,  can be also defined as the number of TDD DL/UL switching periods. This is not so straightforward.
· Resource partitioning within  for RIM-RS1 and RIM-RS2: the 1st part of RIM-RS transmission occasions/time period is used for RIM-RS1 and the rest is used for RIM-RS2, which can be given by   and  respectively, or given by  and .
· Number of consecutive transmission occasions for RIM RS-1 repetition/near-far & RIM RS-2 repetition:  and 
· A set of candidate RIM-RS frequency resources with common reference point(s): the number of frequency resource .
· A set of initialization seed for RIM-RS sequences with the number of sequences configured  and an incremental stepfor seed changing.
· [bookmark: OLE_LINK5]On/Off of “enough mitigation/not enough mitigation” indication via RIM-RS1. If “ON”, the sequence set is divided into two subsets. One subset is for RIM-RS1 indicating “no enough mitigation”, another subset is for RIM-RS1 indicating “enough mitigation”.
· RIM-RS symbol-level position within DL-UL switching periods. The near/far function is implicitly given by the position of RIM-RS relative to the UL position. 
Proposal 1: Specify the signalling for the necessary information for RIM-RS configuration including
· Global RIM-RS transmission periodicity (), which is defined as  in time units, containing  RIM-RS transmission occasions. 
· Resource partitioning within  for RIM-RS1 and RIM-RS2:  and  transmission occasions within  for RIM RS-1 and RIM-RS-2 respectively.
·  for RIM RS-1 repetition/near-fa and  for RIM RS-2 repetition.
· Candidate RIM-RS frequency resources set with size of .
· Initialization seed set for RIM-RS sequences with size of  and an incremental step.
· On/Off of “enough mitigation/not enough mitigation” indication via RIM-RS1
· RIM-RS symbol-level position within DL-UL switching periods.
3 Indexing of RIM-RS resources within transmission periodicity
RAN1 agreed to define the unique RIM-RS indices to specify the mapping onto gNB set ID in RAN1 AH#1901. 
[bookmark: OLE_LINK4]It is simple to define the RIM-RS indices independently in time, frequency and sequence domain, i.e. RIM-RS resources are ordered separately in each domain and then a basic RIM-RS can be given by triplet :
·  indicate the time-ordered RIM-RS transmission occasions, where the total number of RIM-RS transmission occasions is .  is given by DL-UL pattern configuration.
·  indicate the ordered frequency resources for RIM-RS.
·  indicate the ordered RIM-RS sequence resources
· If indication of “enough/not enough mitigation” via RIM RS-1 is “ON”, 1st half of sequence is for “not enough” RIM RS-1, the 2nd half is for “enough” RIM RS1; 
Proposal 2: Unique indexing of RIM-RS resource is defined as a triplet, e.g., which indicates the independently ordered resources in time, frequency and sequenced domain respectively.
4 [bookmark: OLE_LINK3]Mapping rule between RIM-RS resources and gNB set IDs
The mapping rule to be specified is to derive the RIM-RS resource from a set ID, and vice versa. According the configuration information provided in section 2 and RIM-RS indexing provided in section 3, from specification point of view, the common mapping rule between a formatted gNB set ID with length  bits and RIM-RS indexing  can be simply specified as follows:
· Sequence indicator -  bits. The value of this bit field indicates the sequence index in the configured sequence set, i.e.  
· For RIM RS-1, if “enough mitigation/not enough mitigation” indication is configured as “ON”,  indicate RIM RS-1 resources for “not enough mitigation” indication, while  indicate RIM RS-1 resources for “enough mitigation” indication. 
· Note: two RIM RS-1 resources for indicating “not enough mitigation/enough mitigation” are mapped to two gNB set IDs for this case.
· Time domain resource indicator-  bits, the value of this bit field  indicates the transmission occasion index within the global transmission 
· The value  indicates the transmission occasion indices for the 1st RIM RS-1 transmission within repetition/near-far, i.e. .
· The value  indicates the transmission occasion indices for the 1st RIM RS-2 transmission within repetition, i.e. .
· Frequency domain resource indicator –bits. The value of this bit field indicates the frequency resource index in the configured frequency resource set, .
· This bit field is absent if .
By the above mapping rule via formatted set ID with length , the RIM-RS resource(s) corresponding to a set ID is derived, and vice versa.
[image: ]
Proposal 3: Specify the above mapping rule between RIM-RS index triplet  and the formatted set ID with length .
5 Others
One remaining issue is how to initialize seed for RIM-RS:
	Agreement
The initialization seed for RIM-RS is configured by OAM and the subsequent seed will be changing over time.


Initialization seeds for different RIM-RS sequences within one RIM-RS transmission period are configured by OAM. The subsequent seeds can be changed every RIM-RS transmission occasion or every DL/UL switching period. Define counter to count the number of RIM-RS transmission occasion or DL/UL switching period within one RIM-RS transmission period. Using this counter and the initialization seeds for each transmission period, the subsequent seeds for each transmission occasion or DL/UL switching period can be derived.
[bookmark: OLE_LINK6]Assume the initialization seed for the  RIM-RS sequence is , and for the -th RIM-RS transmission occasion, corresponding seed can be calculated as

where  is a function determined by the counter . Specifically,  can be a linear function of , which means

where  denotes the incremental step and can be configured or pre-defined.
Considering that the length of seed for RS sequence is 31 bits, if the calculation result based on above equation is beyond the corresponding maximum number, only lower 31 bits are used. 
Proposal 4: Seed changing can be defined as  , where  can be configurable or predefined.
Another remaining issue from last meeting is whether or not to support larger RS bandwidth other than the agreed RIM-RS bandwidth:
	Agreement
· 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


In order to minimize implementation complexity, it is desirable to limit the potential combination for RIM RS bandwidth and subcarrier spacing (SCS). From our perspective, current SCS and PRB combination would provide good enough network configurability for RIM RS as well as detection performance. Therefore, we propose to remove the FFS point in above agreement, i.e., not to support larger RS bandwidth beyond the ones agreed at RAN1 AH#1901.
Proposal 5: For carrier bandwidth larger than 20MHz, no larger RIM-RS bandwidth is supported other than the ones listed below:
· {15kHz, 96 RB} = 17.28MHz
· {30kHz, 48 RB} = 17.28MHz
· {30kHz, 96 RB} = 34.56MHz
6 Conclusion
The followings are proposed based on above discussion:
Proposal 1: Specify the signalling for the necessary information for RIM-RS configuration including
· Global RIM-RS transmission periodicity (), which is defined as  in time units, containing  RIM-RS transmission occasions. 
· Resource partitioning within  for RIM-RS1 and RIM-RS2:  and  transmission occasions within  for RIM RS-1 and RIM-RS-2 respectively.
·  for RIM RS-1 repetition/near-fa and  for RIM RS-2 repetition.
· Candidate RIM-RS frequency resources set with size of .
· Initialization seed set for RIM-RS sequences with size of  and an incremental step.
· On/Off of “enough mitigation/not enough mitigation” indication via RIM-RS1
· RIM-RS symbol-level position within DL-UL switching periods.
Proposal 2: Unique indexing of RIM-RS resource is defined as a triplet, e.g., which indicates the independently ordered resources in time, frequency and sequenced domain respectively.
Proposal 3: Specify the mapping rule between RIM-RS index triplet  and the formatted set ID with length  as:
· Sequence indicator -  bits. The value of this bit field indicates the sequence index in the configured sequence set, i.e.  
· For RIM RS-1, if “enough mitigation/not enough mitigation” indication is configured as “ON”,  indicate RIM RS-1 resources for “not enough mitigation” indication, while  indicate RIM RS-1 resources for “enough mitigation” indication. 
· Time domain resource indicator-  bits, the value of this bit field  indicates the transmission occasion index within the global transmission 
· The value  indicates the transmission occasion indices for the 1st RIM RS-1 transmission within repetition/near-far, i.e. .
· The value  indicates the transmission occasion indices for the 1st RIM RS-2 transmission within repetition, i.e. .
· Frequency domain resource indicator –bits. The value of this bit field indicates the frequency resource index in the configured frequency resource set, .
Proposal 4: Seed changing can be defined as  , where  can be either configurable or predefined.
Proposal 5: For carrier bandwidth larger than 20MHz, no larger RIM-RS bandwidth is supported other than the ones listed below:
· {15kHz, 96 RB} = 17.28MHz
· {30kHz, 48 RB} = 17.28MHz
· {30kHz, 96 RB} = 34.56MHz
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