3GPP TSG-RAN WG1 Meeting #103-e	R1-2007911
Online, October 26th – November 13th 2020

Agenda Item:	7.2.12 (NR Rel-16 maintenance – Others)
Source:	Ericsson
Title:	Discussion on RIM with partially overlapping bandwidths
Document for:	Discussion, Decision

1	Introduction		
[image: ]The Rel-16 RIM framework, illustrated in Figure 1, is intended to detect and react to occasionally occurring remote BS to BS interference due to tropospheric ducting events. The aggressor BS and victim BS may in some case be hundreds of kilometres away from each other. The RIM framework is based on over-the-air transmission of RIM-RS to facilitate the detection of presence of remote interference as well as identification of the aggressor BS.

 
Figure 1: Illustration of duct interference and RIM-RS transmission

2	Use case for non-overlapping bandwidth of aggressor and victim cell
Typically, spectrum is allocated on a market-by-market basis, meaning that an operator may not have the license for the same spectrum resources in two neighbouring markets. Since the aggressor BS and victim BS of remote interference may very well be in different markets due to the low propagation loss when ducting happens, the carrier BW of the RIM-RS transmitter and receiver may only be partially overlapping. Figure 2 shows a map of FCC market allocations in the US. Clearly, since duct interference may reach up to 300 km distance, multiple markets may mutually interfere each other and aggressor and victim may have different carrier bandwidth.
For instance, in market A an operator may deploy a 40 MHz carrier with  MHz while in market B they may deploy a 60 MHz carrier with  MHz. 
[image: ]
Figure 2: PEA (market) boundaries in USA [1], with a 300km radius drawn out

[bookmark: _Toc53761809]Spectrum allocation is typically done market-by-market, which means an operator’s allocation in neighboring markets may be different. Since duct interference can reach across market boundaries, victim and aggressor cells may not have completely overlapping bandwidth.
[bookmark: _Ref178064866]2	Frequency mapping of RIM-RS
The RIM-RS consists of  modulation symbols, where  is the length of the RIM-RS sequence where  is the bandwidth of the RIM-RS in resource blocks. The number of resource blocks for RIM-RS is given by 

I.e. for 15 kHz SCS, the smaller one of 20 MHz and the carrier BW is used. While for 30 kHz, the smallest one of the carrier BW or {20, 40} MHz configurable is used.
These  modulation symbols are mapped from a starting frequency offset  given relative a configured reference point  (given as NR-ARFCN). The frequency offset is given by the RIM set ID and depends on the configured number of candidate frequency resources , which shall fulfill 
I.e. 
Both the reception and transmission of RIM-RS are configured using the same OAM parameters (according to 3GPP SA5 spec), and the mapping between RIM set ID and resource indices , , and  are global to the entire network (PLMN). That is, the same number of sequences, time occasions and frequency positions must be used across the entire network to ensure consistent definition of the RIM set ID to RIM-RS resource.
must be configured to the same value in all gNBs participating in the RIM framework 
[bookmark: _Toc53761811]Since there is a restriction on  depending on carrier BW, the cell with the smallest carrier BW in the network will put an upper bound on  
That is, as long as there is at least on cell with < 40 MHz carrier BW in the network,  must be equal to one, which is very restrictive.
3	RIM-RS frequency mapping for overlapping BW scenario
For reference, with completely overlapping spectrum allocations and carrier bandwidths in all markets involved in the RIM framework, there is no issue and the below configurations are possible with Rel-16 RIM.
	[image: ]
Figure 3: Illustration of possible RIM-RS mappings in aggressor and victim cells with overlapping BW
4	RIM-RS frequency mapping for partially overlapping BW scenario
As alluded to in previous sections, Rel-16 RIM framework is not well-optimized towards partially overlapping BW scenario. Consider the example in Figure 4, where market A and C each have 30 MHz allocated but on non-overlapping spectrum, while market B has 70 MHz allocated overlapping with both A and C. Since at least one of the cells have < 40 MHz carrier BW,  must be equal to one and only a single RIM-RS resource can be configured in the frequency-domain for all 3 markets, which in this case has a 20 MHz BW. In order to cover the three cells with the RIM-RS resource, it must be placed as in the figure, meaning that only a small portion of the RIM-RS is actually transmitted in the cells in markets A and C (we here assume that this is a valid configuration and that the portion of the signal that falls outside of the carrier BW of a cell 
is omitted but the remaining portion is transmitted. Without this assumption, RIM operation in such a network is not possible), leading to poor detection performance.
[image: ]
Figure 4: Illustration of partially overlapping carrier BW scenario with current Rel-16 RIM spec

4.1 Solution alternative 1: Remove RIM-RS BW restriction
One way to improve the RIM-RS detection performance would be to remove the restriction on RIM-RS sequence length as function of the carrier BW. In this case, a master RIM-RS signal spanning a configured maximum bandwidth could be used, even for cells with lower carrier BW. The frequency offset could then be set to the left-most part of the overlapping spectrum interval of the participating markets, with each cell only transmitting the portion of the signal that falls into the carrier BW of that cell. This would allow each cell to perform sequence correlation over its entire BW, thus maximizing detection probability. This alternative is illustrated in Figure 5.
[image: ]
[bookmark: _Ref51361720]Figure 5: Illustration of solution alternative 1

4.1.1 Alt 1: Text proposal to 38.211
This proposal could be realized with the TP below.
< Unchanged parts are omitted >
7.4.1.6.4.3	Frequency-domain parameters and mapping from  to frequency-domain parameters
The frequency-domain parameter  in clause 5.3.3 is the frequency offset relative to a configured reference point for RIM-RS and is obtained from entry  in a list of configured frequency offsets expressed in units of resource blocks. 
The number of candidate frequency resources configured in the network, , shall fulfil

If , the frequency difference between any pair of configured frequency offsets in the list is not smaller than . 
The number of resource blocks for RIM-RS is given by  which is configured by higher layer.

< Unchanged parts are omitted >

4.2 Solution alternative 2: Remove carrier BW-dependent restriction on 
Another alternative is to remove the carrier BW-dependent restriction on , allowing even a 20 MHz cell to be configured with  and thus with 4 FDMed RIM-RS resource positions. However, the cell would of course not be able to detect a RIM-RS in a resource with FD-position outside of its carrier bandwidth and would have to have a RIM set ID allocation such that it corresponds to the FD-position within the carrier BW. With this proposal, cells in both markets A and C can transmit RIM-RS utilizing the full RIM-RS BW in different frequency positions and cells in market B can detect each RIM-RS resource independently. Cells in market B may need to be assigned two RIM set IDs to transmit two RIM-RS so that both market A and market C can have the possibility to detect it. This is illustrated in Figure 6.

[image: ]
[bookmark: _Ref51361725]Figure 6: Illustration of solution alternative 2

4.2.1 Alt 2: Text proposal to 38.211
The above solution alternative could be realized by the TP below.
< Unchanged parts are omitted >
[bookmark: _Toc29230400][bookmark: _Toc36026659][bookmark: _Toc45107498] 7.4.1.6.4.3	Frequency-domain parameters and mapping from  to frequency-domain parameters
The frequency-domain parameter  in clause 5.3.3 is the frequency offset relative to a configured reference point for RIM-RS and is obtained from entry  in a list of configured frequency offsets expressed in units of resource blocks. 
The number of candidate frequency resources configured in the network, , may be either 1, 2 or 4. shall fulfil

If , the frequency difference between any pair of configured frequency offsets in the list is not smaller than . 
< Unchanged parts are omitted >


[bookmark: _Ref189046994]3	Discussion
In order to deploy Rel-16 RIM in practice, we believe that the partially overlapping BW scenario needs to be well-supported due to the regional spectrum allocation differences in many countries and the long range of the duct interference. 
[bookmark: _Toc53761812]RAN1 confirms that partially overlapping bandwidth scenario is supported in Rel-16 RIM 

Two quite simple solutions to realize this are proposed above. In our view, both solutions are valid and may be appropriate in different scenarios. Therefore, both should be supported.
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[bookmark: _Toc53761813]To support partially overlapping BW scenario, adopt Text proposal 1 and Text proposal 2 in this document
	4/4	
Conclusion
In the previous sections we made the following observations: 
Observation 1	Spectrum allocation is typically done market-by-market, which means an operator’s allocation in neighboring markets may be different. Since duct interference can reach across market boundaries, victim and aggressor cells may not have completely overlapping bandwidth.
Observation 2	must be configured to the same value in all gNBs participating in the RIM framework
Observation 3	Since there is a restriction on  depending on carrier BW, the cell with the smallest carrier BW in the network will put an upper bound on 


[bookmark: _GoBack]Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 confirms that partially overlapping bandwidth scenario is supported in Rel-16 RIM
Proposal 2	To support partially overlapping BW scenario, adopt Text proposal 1 and Text proposal 2 in this document
[bookmark: _In-sequence_SDU_delivery]
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