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Introduction
[bookmark: _Hlk510705081]In RAN1#94bis meeting, the RIM-RS design aspects were discussed and the following agreements were reached. [1]
 Agreements:
· Strive for unified design of RIM RS to convey information for gNB (or gNB group) identification, irrespective of framework chosen, in terms of sequence type, time and frequency transmission pattern 
· Note that the information conveyed in different frameworks does not need to be the same
· Under unified RS design, FFS whether RS-1 and RS-2 in framework 1 are the same RS or distinguish from each other.
Agreements:
· At least one of the following methods is supported to distinguish RIM-RS resources:
· TDM method: different time-domain occasions are used to distinguish RIM-RS resource
· FDM method: different frequency positions are used to distinguish RIM-RS resource
· FFS: comb offsets if comb-like frequency structure is adopted;
· CDM method: different RS sequences are used to distinguish RIM-RS resource
· FFS: the number of sequences transmitted on the same time-frequency resource;
· FFS: OCC index if frequency-domain OCC is adopted.
· Other methods are not precluded.
Agreements:
· For the time-domain pattern for RIM RS, an RS transmission periodicity is defined
· The transmission periodicity can be semi-statically configured per network.
· Within the transmission periodicity, multiple time-domain RIM RS transmission occasions are defined. One or multiple transmission occasions can be semi-statically configured to distinguish one RIM-RS resources or convey set ID information per network
· FFS details (especially w.r.t. X symbols)
In this contribution, we are focusing on the RIM-RS design, more specifically on the RIM-RS transmission resources determination. And some observations and proposals are provided after the analysis.
Determination of RIM-RS transmission resources
Atmospheric duct interference is identified in TD-SCDMA and TD-LTE network, to facilitate the remote interference resource detection, gNB need to transmit the RIM specific RS autonomously, e.g., RS transmission timing for specific gNB is fixed. Comparing with LTE network, more NR gNBs are expected to be deployed to compensate the coverage loss, due to higher frequency band is allocated for NR. The gNB ID and NR Cell Identity are defined in [2], which is attached in Annex. The minimum bit number of gNB ID is 22 bits, and 36bit for NR cell ID. The number of gNB or cell in network would impact the RIM-RS transmission periodicity, the periodicity is the time that all gNBs transmit RIM-RS one time. If it is assumed there is only one gNB transmitting the RIM-RS in every 10ms, gNB would wait for 699 minutes (=222*10ms) to transmit a RIM-RS. If the RIM-RS transmission is on cell level, more time is needed for one shot RIM-RS transmission, as the length of NR Cell ID is 36bit.
Observation 1: It needs to be clarified if the RIM-RS detection is on gNB level or Cell level.
As showing our companion contribution [3], interference mitigation can be done in spatial domain on the beam level.  According to current NR specification, the number of SSB beam is 4 or 8 for below 3GHz and below 6GHz respectively. There are two possible ways to transmit the RIM-RS on beam level, 
· RIM-RS is transmitted by one beam at one RIM-RS transmission occasion. The benefit is it’s easier for gNB detection, drawback is it will increase the RIM-RS transmission periodicity 4 times or 8 times. 
· RIM-RS is transmitted by all beams with different sequence. The benefit is it’s no impact on RIM-RS transmission periodicity. Drawback is it will increase the gNB RIM RS detection complexity, or decrease the code domain multiplexing capacity.  
Observation 2: Beam level RIM-RS detection will impact on the RIM-RS resources utilization.
As agreed in previous RAN1 meeting, three frameworks are the starting point for further study. For framework-2.1 and 2.2, there is information exchange via the backhaul signalling between aggressor and victim gNBs, in this sense, the gNB ID need to be identified. As discussed above, if global gNB ID is reused directly to determine RIM-RS transmission timing, the waiting time for RS transmission is not tolerable. Some multiplexing techniques are required to reduce the RIM-RS transmission periodicity, such as TDM, FDM, CDM
· Frequency domain multiplexing
The NR supported system bandwidth is larger than LTE 20MHz bandwidth, so the NR system bandwidth can be divided into several sub-band, different gNBs can transmit the RIM-RS in different sub-band to expand the RIM-RS transmission capacity.
· Time domain multiplexing
NR TDD UL-DL configuration can be configured with more flexibility, such as 2.5ms, 5ms, 10ms periodicity, the corresponding RIM-RS transmission occasion is 4, 2 or 1 in each radio frame. If one gNB occupies only one RIM-RS transmission occasion, the waiting time for gNB transmitting RIM-RS can be reduced to one forth for 2.5ms UL-DL configuration periodicity comparing with 10ms UL-DL configuration periodicity. 
· Code domain multiplexing
In RIM-RS design, some RS sequences will be selected with quasi-orthogonal and good correlation property, then several gNBs could transmit the RIM-RS at the same time. In this way, RIM-RS transmission periodicity is reduced. On the other hand, the gNB receiver complexity could increase in some extents with the additional introduced interference. The number of the RIM-RS to be multiplexed in a certain time instance need to be evaluated and selected considering the RIM-RS detection performance and gNB complexity. 
The gNB ID is defined [2] to identify the base station globally, over four million of gNBs are supported with 22bit gNB ID. In the real NR network deployment, not all the networks will support this larger number of gNBs. If the gNB is transmitting the RIM-RS according to the gNB ID, which could cause the longer time, e.g., 699 minutes, for gNB transmit the RIM-RS one time. As the gNB numbers in the network is operator specific, such it could be better to define a new RIM ID, which is one to one mapping with gNB ID, the number of bits of RIM ID is configurable by operator according to the network size and RIM-RS transmission resources. The RIM ID can include the information discussed above, such as frequency domain info, time domain info, code domain info and the RIM-RS transmission timing. When the aggressor gNB detects the RIM-RS at the specific timing, sub-band and RS sequence, then RIM ID can be re-constructed by aggressor gNB thus the victim gNB ID is identified.
Figure 1 is an example of RIM-RS resources determination. The assumptions of RIM-RS transmission resources are showing below,
· Network supports one million gNBs 
· Four sub-bands are supported, RIM-RS transmits on one sub-band
· Maximum 4 RIM-RS sequence are supported
· 4 RIM-RS patterns in frequency domain, e.g., Comb offsets for comb-4 pattern 
[image: ]
Figure 1: Illustration of RIM-RS transmission resources determination
If each gNB in the network can be distinguished without confusion, the RIM ID would require 20 bits, each RIM ID corresponds to one gNB. The lowest 14bits is used to determine the transmission timing, if the TDD UL-DL configuration periodicity is 10ms, e.g., one RIM-RS transmission occasion in each radio frame, then the RIM RS transmission periodicity is 2^14*10ms= 2.73 second. Then the following 2bit are used to determine which sub-band is used to transmit RIM-RS, and the higher 4bits are used to determine the RIM-RS sequence and the pattern. 
[bookmark: _Hlk521661694][bookmark: _GoBack]Proposal: RIM ID is defined for gNB to indicate the RIM-RS transmission timing and resources to be used. 
Conclusion
In this contribution, we analyze the aspects of identifying the strong gNB interferers and RIM-RS, the following observation and proposal are made. 
Observation: It needs to be clarified if the RIM-RS detection is on gNB level or Cell level.
Observation 2: Beam level RIM-RS detection will impact on the RIM-RS resources utilization.
Proposal: RIM ID is defined for gNB to indicate the RIM-RS transmission timing and resources to be used. 
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Annex
Global gNB ID and NR CGI definition in TS38.423.
9.2.2.1 Global gNB ID
This IE is used to globally identify a gNB (see TS 38.300 [9]).
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PLMN Identity
	M
	
	9.2.2.4
	

	CHOICE gNB ID
	M
	
	
	

	>gNB ID
	
	
	
	

	>>gNB ID
	M
	
	BIT STRING (SIZE(22..32))
	Equal to the leftmost bits of the NR Cell Identity IE contained in the NR CGI IE of each cell served by the gNB.



9.2.2.7 NR CGI
This IE is used to globally identify an NR cell (see TS 38.300 [9]).
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PLMN Identity
	M
	
	9.2.2.4
	

	NR Cell Identity
	M
	
	BIT STRING (SIZE(36))
	The leftmost bits of the NR Cell Identity IE correspond to the gNB ID (defined in subclause 9.2.2.1).
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