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1	Introduction
At RAN#82 the updated work item on remote interference management and cross-link interference for NR was approved, see [1].
In the RIM SI phase, the following agreements were made in RAN1 regarding set ID framework:
· For all time occasions, the sequence candidates for detection should be the same, 
· If RS-2 is configured, RS-1 and RS-2 are differentiable, via separate configuration using the following:
· Time occasion, and
· RS sequence
· A gNB can be configured with multiple RIM RS configurations in a configured RIM RS periodicity 
· Each RIM-RS configuration is referring to the configuration of the resource in time, frequency and sequence for transmission of a basic RIM RS resource 
· For each gNB, multiple configurations of RIM RS-1 share the same frequency resource and sequence
· For each gNB, multiple configurations of RIM RS-2 share the same frequency resource and sequence
· The maximum number of configurations to be decided WI stage
· For different gNB, it is to be decided in WI stage that different frequency resource for RIM RS-1/RS-2 is allowed or not
· For all gNBs, the configured RIM RS periodicity should be same
· Minimum bandwidth of above configured frequency resource is 20MHz if the carrier bandwidth is larger than 20MHz, otherwise the bandwidth of above configured frequency resource is equal to the carrier bandwidth
· Maximum bandwidth to be decided in WI stage
· For each gNB, the number of candidate frequency resource for RIM-RS detection is 1 for bandwidth smaller than 40MHz
· For each gNB, the number of candidate frequency resource for RIM-RS detection is up to Y for bandwidth larger or equal to 40MHz 
· Y is to be decided in WI stage dependent on assumption in WI of the number of ID to be conveyed in a given duration
· It is to be decided if only one of the candidate frequency resource for RIM-RS transmission can be configured for each gNB
· The max number of sequences that one gNB needs to detect in one DL-UL period for interference identification is 8.

· 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.

In addition, the following agreements were made in RAN3:
	· Each set is assigned a set ID, and is configured with a RIM Reference Signal (RIM-RS) and the radio resources to send and receive the RIM-RS 
· The grouping of gNBs into sets, the set ID, the RIM-RS configuration and the associated RIM-RS radio resources for sending and/or receiving the RIM-RS are performed by the OAM system, and these resources may be assigned in static or a non-static manner. A gNB may be assigned several set IDs and RIM-RS configurations simultaneously. Every gNB may have pre-configured set ID(s).
· A set ID is encoded inside the RIM-RS and sent over the air. The length of set ID is pending to RAN1 progress. A gNB set ID may be reused inside a PLMN.
· Every gNB set ID is mapped to backhaul address for routing within the core network, which is used as the destination address for routing of RIM backhaul messages.



In this paper we analyse the required set ID length. The details of the set ID framework can be found in [2].
2	Discussion
2.1	Set ID framework
This section summarizes our understanding of RAN1 agreements and presents our proposal for the set ID framework.  
RIM RS transmission periodicity
The RIM-RS transmission periodicity is 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.  For all gNBs, the configured RIM RS periodicity should be the same.

Set ID encoding and RIM-RS configuration

A set ID can be associated to multiple RIM RS-1 configurations and multiple RIM RS-2 configurations (if RIM RS-2 is configured) in a configured RIM RS periodicity. A RIM-RS configuration includes a configuration of the resource in time, frequency and sequence for transmission of a basic RIM RS resource. These multiple RIM-RS1 and RIM-RS 2 configurations share the same frequency resources but differ in time and sequence configurations. The multiple configurations of the same RS type (i.e., RIM RS-1 or RIM RS-2) differ only in time position, i.e., they share the same sequence as well.

We propose that the basic RIM RS resource occurs only once per TDD DL/UL switching point. When multiple configurations of RIM RS-1 or RIM-RS2 are configured for a set ID, we propose that the time positions of these RIM-RS configurations are in consecutive TDD DL-UL switching periods. 

A gNB can be configured with multiple set IDs, and each set ID can be mapped to multiple RS configurations.
2.2	Estimation of the set ID length
To estimate the length of the set ID, we first assume the reach of the atmospheric duct. From earlier discussions in RAN1, a maximum distance of 300 km has been assumed, and this is also used for the estimation in this paper. For simplicity we also assume that the duct is omnidirectional. As agreed in RAN3, we also assume that a set ID may be reused across the network, see Figure 1.
[image: ]
[bookmark: _Ref532894249]Figure 1: Set ID re-use (a certain set ID is exemplified with an orange circle) assuming circular area re-use
One can note that the set ID will not be unique in this setup at a distance of exactly 300 km, see Figure 1. However, increasing the radius somewhat to avoid this situation will not have an impact on the conclusions. Assuming that all gNBs within the area are potential aggressors is not realistic, and if enough isolation between the nodes can be assumed, the set ID space in the duct area can be reduced (nodes with sufficient isolation between each other can use the same set ID). It is here assumed that 1/3 of the cells are potential aggressors.
Figure 2 shows the required set ID length (in bits) that ensures the set ID uniqueness, for different ISDs and different set sizes (i.e., different numbers of gNBs per set), taking into account the assumptions made above.
[image: ]
[bookmark: _Ref532895541]Figure 2: Set ID length in [bits] that ensures the set ID uniqueness for a given set size and ISD
As can be seen, 20 bits are rarely required and typically set ID length of 18 bits would suffice to ensure set ID uniqueness for a clear majority of relevant (ISD, set size) combinations.
[bookmark: _Toc534997687]An 18-bit set ID is expected to be sufficient in most cases of RIM, while a 20-bit set ID is rarely needed. 
With the above clear indication on the set ID size, we can discuss how to convey the set ID over the air.
According to the RAN1 agreements, the following multiplexing options are possible:
- 	TDM:
- 	The number of set ID bits carried depends on the RIM RS periodicity, the TDD pattern periodicity and the number of time repetitions configured for RIM RS transmission.
- 	CDM: 
- 	Up to 8 sequences, meaning that up to 3 bits of set ID can be conveyed this way.
- 	FDM:
- 	Still TBD if this is to be allowed.
Let us first assume that FDM is not used, that 3 bits are used to carry the sequence ID and a 20-bit set ID space is defined. Further, it is assumed that the basic RIM RS resource occurs only once per TDD DL/UL switching point.
The allowed TDD pattern periods for the relevant SCS used in FR1 are shown in Table 1.
[bookmark: _Ref532897146]Table 1: TDD Pattern periodicities
	SCS [kHz]
	Allowed DL/UL pattern periodicity [ms]

	15
	0.5, 1, 2, 3, 4, 5, 10

	30
	0.5, 1, 2, 2.5, 3, 4, 5, 10



Up to two different TDD patterns can be concatenated, in which case there would be one or two DL/UL switching points per TDD configuration period, where the TDD configuration period is defined as the sum of the two concatenated TDD pattern periodicities. Hence, there are three options of DL/UL TDD switching points to consider:
-	TDD patterns not concatenated:
-	1 DL/UL TDD switching points per TDD configuration periodicity.
-	TDD patterns concatenated:
- 	1 DL/UL TDD switching points per TDD configuration periodicity, or
- 	2 DL/UL TDD switching points per TDD configuration periodicity.
Below, all combinations of TDD DL/UL patterns and the number of switching points per TDD configuration periodicity are evaluated. A rate in terms of the number of TDD DL/UL switches per second is then calculated.  For each rate, different numbers of repetitions are assumed to be configured (up to 4). The result is shown in Figure 3. It is assumed that any value above 10 min is not of interest and hence is shown in the same colour. The 10-minute timespan is probably also too high, but showing a larger range provides a better understanding of the implication of possible configurations.
It is assumed that TDM carries 18 bits in total. To calculate the total number of bits, one could use 3 bits carried by the RS sequence (CDM, 8 possible sequences) and 1 bit needed to distinguish RS-1 and RS-2, hence a total of 21 bits for the set ID.
[image: ]
[bookmark: _Ref532905089]Figure 3: Required RIM RS periodicity in [min] in steps of 0.5 min with TDM carrying 18 bits.
As an example, if we have 1 DL/UL switch each 10 ms, there are 100 switches per second (x-axis), and the RIM RS periodicity to support TDM carrying 18 bits will be min for the case without RS repetition. Hence, the RIM RS periodicity will be much larger than 5 min, irrespective of the repetition factor. 
Enabling 5-min RIM RS periodicity without repetitions requires roughly 1000 switches per second which would for example be fulfilled with a single TDD periodicity of 1 ms. This puts significant configuration restrictions on the TDD periodicity to be used.
[bookmark: _Toc534997688]Assuming 21 bits of set ID (1 bit for RIM RS-1/RS-2 distinction) and 3 bits carried by CDM, carrying the remaining 18 bits by only TDM exceeds 5 min in RIM RS periodicity for many configurations (TDD periodicities and RIM RS repetition factors)
If we instead assume a value of 18 bits for the set ID and that 2 bits can be carried by FDM and 3 bits can be carried by CDM, the resulting number of bits needed to be carried by TDM is 13 bits. The resulting RIM RS periodicities are shown in Figure 4.
[image: ]
[bookmark: _Ref532905938]Figure 4: Required RIM RS periodicity in [min] in steps of 0.5 min with TDM carrying 13 bits (logarithmic x‑axis).
In this case, the RIM RS periodicity for the example above (100 switches per second) is now reduced to below 2 min (1.4 min) without using RIM RS repetition and for the case of 4 repetitions, below 6 min (5.5 min).
[bookmark: _Toc534997689]Assuming 18 bits of set ID, 3 bits carried by CDM, 2 bits carried by FDM, and the remaining 17 bits carried by TDM, then the RIM RS periodicity is kept below 5 min for most configurations (TDD periodicities and RIM RS repetition factors)
Regarding the repetition factor used for RIM RS transmission, the RIM RS periodicity will be proportional to the value used. Using a too large repetition value will hence impact the RIM RS periodicity negatively. Furthermore, the gains for RIM RS detection are questionable for a large number of repetitions, considering that the RIM RS is not expected to be coherently transmitted and received. Coherent combination of the transmitted RIM RSs could possibly still be attempted, with resulting losses in the combining process. One benefit of allowing RIM RS repetitions is that intra-cell interference (from PUSCH/PUCCH/PRACH) may be avoided in one or more of the repetitions. This could significantly improve the SINR when receiving RIM RS. However, increasing the number of repetitions excessively will not provide much additional benefits.
[bookmark: _Toc534997690]Using an excessive number of repetitions will increase the RIM RS periodicity with little performance gained
[bookmark: _Toc532911475][bookmark: _Toc534989249][bookmark: _Toc534997684]Limit the number of RIM-RS repetitions to 4
Based on the above results, it would be useful to carry some set ID bits by FDM in systems with large bandwidth. This would reduce the overall RIM RS periodicity. To limit the gNB complexity, we propose to limit the range to 2 bits FDM.
[bookmark: _Toc532911476][bookmark: _Toc534989250][bookmark: _Toc534997685]Allow up to 2 bits of the set ID to be carried by FDM
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	An 18-bit set ID is expected to be sufficient in most cases of RIM, while a 20-bit set ID is rarely needed.
Observation 2	Assuming 21 bits of set ID (1 bit for RIM RS-1/RS-2 distinction) and 3 bits carried by CDM, carrying the remaining 18 bits by only TDM exceeds 5 min in RIM RS periodicity for many configurations (TDD periodicities and RIM RS repetition factors)
Observation 3	Assuming 18 bits of set ID, 3 bits carried by CDM, 2 bits carried by FDM, and the remaining 17 bits carried by TDM, then the RIM RS periodicity is kept below 5 min for most configurations (TDD periodicities and RIM RS repetition factors)
Observation 4	Using an excessive number of repetitions will increase the RIM RS periodicity with little performance gained
The following proposals are made:
Proposal 1	Limit the number of RIM-RS repetitions to 4
Proposal 2	Allow up to 2 bits of the set ID to be carried by FDM
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Annex
To estimate the number of gNBs within a certain circular area in the network assuming a certain ISD and regular hexagon deployment, then one can estimate the number of gNBs within a circle as:
, where ,
where  is the radius of the circular area, and  is the inter-site distance. Assuming 3-sector sites, the number of cells can be estimated as . The equation can be interpreted with the help of Figure 5. It can be seen that the gNBs within a circle area can be divided into  =3 sets by 3 tiers, with each set located on a tier. The three tiers can be labelled as  =1, 2, and 3, with the label increases from the inner tier to the outer tier. The number of gNBs located on tier  is equal to . The number of rings, , depends on the ratio between the radius of the considered circular area and the ISD of the gNB.
[image: cid:image003.jpg@01D430BC.63C448E0]
[bookmark: _Ref534987102]Figure 5: Regular hexagon cell grid
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