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Introduction
Rel-18 NR IDC enhancement WID RP-221281 [1] has the following RAN2-related objectives:
	This WI expects to address interference between 3GPP (including various MR-DC architectures, i.e. NR-DC and EN-DC) and non-3GPP RAT (e.g. WiFi).
· Enhancements to FDM solution, to allow more granular indication of affected frequencies (e.g. granularity of BWP or PRB level). (RAN2)
Note: Enhancements to FDM solution is prioritized.
· Introduction of TDM solution (e.g. indication of UE preferred TDM pattern for UL/DL). (RAN2, RAN4).
Note: The TDM solution is considered complementary to the FDM solution.
Note: LTE IDC solution should be considered as the baseline for the solutions developed in this WI.



In this contribution, we discuss enhanced FDM solution for IDC.
Discussion
[bookmark: _Hlk61435005]FDM solution
Reporting of IDC problems in MR-DC is handled in LTE side in Rel-15, with the configuration in idc-Indication-MRDC-r15 and UE assistance information in mrdc-AssistanceInfo-r15. 
NR Rel-16 introduces FDM solution to solve IDC problems by using serving frequencies which are not affected by IDC problems. FDM is configured in otherConfig >> idc-AssistanceConfig, which contains a list of NR frequencies (candidateServingFreqListNR) that UE is requested to report IDC issues. IDC assistance information is reported under the framework of UE assistance, with UE reporting a list of affected carrier frequencies (and corresponding interferenceDirection), and / or a list of UL CA combinations (and corresponding victimSystemType).
It can be seen that existing LTE and NR signalling supports IDC FDM solution for both NR SA and MR-DC. As mentioned in the SID “Enhancements to FDM solution, to allow more granular indication of affected frequencies (e.g. granularity of BWP or PRB level)”, the focus of IDC FDM enhancements should be the signalling for the more granular indication of frequency resources affected by IDC problems.
[bookmark: Proposal_General]Proposal 1: The focus of IDC FDM enhancements is the signalling for the frequency resources affected by IDC problems.
Granularity of indication of frequency resource affected by IDC and signalling method
The issue of current NR FDM solution for IDC is that the affected frequencies cannot be adequately indicated since the granularity is a serving frequency. For improvement, finer granularity can be considered, e.g. BWP, Resource Block Group (RBG), and Physical Resource Block (PRB). The indicated granularity is mainly a tradeoff between signalling overhead vs. efficient resource utilization.
Regarding BWP, it should be noted that there can be a maximum of 4 BWPs configured per serving cell and 4 BWPs cannot provide much information regarding IDC interference. Since IDC interference is related to various factors e.g. channel conditions in both RAT as well as UE implementation, gNB might not have good knowledge to configure BWPs which are related to IDC interference. 
[bookmark: Obs_BWP]Observation 1: Using BWP for frequency resource indication is not suitable due to less information from 4 BWPs and inherent lack of knowledge of IDC interference when gNB configures BWPs.
Therefore it is more efficient that UE reports IDC issue in the unit of RBG and PRB. Comparing RBG vs. PRB, RBG has the benefit of less signaling overhead, and is also flexible in size since there are 2 configurations, as defined in TS 38.214 clause 5.1.2.2.1 (DL) and 6.1.2.2.1 (UL), with the relevant table copied below for reference. 
Table 5.1.2.2.1-1: Nominal RBG size P
	Bandwidth Part Size
	Configuration 1
	Configuration 2

	1 – 36
	2
	4

	37 – 72
	4
	8

	73 – 144
	8
	16

	145 – 275
	16
	16



Considering above discussion, it is proposed that the unit for enhanced frequency resource indication is RBG.
[bookmark: Proposal_Unit]Proposal 2: The unit for enhanced frequency resource indication for IDC FDM solution is RBG.
There can be different approaches to indicate affected frequency resource, e.g. bitmap or start-length. Start-length pair approach has less signalling overhead, and is sufficient for IDC purpose. Start-length pair can reuse the signalling-efficient approach used in RAN1 DCI signalling, i.e. resource indication value (RIV) approach as defined in TS 38.214 clause 5.1.2.2.2, as copied below:
A downlink type 1 resource allocation field consists of a resource indication value (RIV) corresponding to a starting virtual resource block () and a length in terms of contiguously allocated resource blocks. The resource indication value is defined by
if  then
    
else 
    

where 1 and shall not exceed . 
[bookmark: Proposal_Signalling]Proposal 3: Start-length pair is used to indicate frequency resource affected by IDC problem. Signalling efficient approach like resource indication value (RIV) used by RAN1 DCI can be considered.
Indication for DL and UL
When there is an IDC problem for a serving frequency, either DL, UL, or both DL/UL can be affected. This is reflected by IE interferenceDirection-r16, as from related ASN.1 and field description copied below.
AffectedCarrierFreq-r16 ::=     SEQUENCE {
    carrierFreq-r16                 ARFCN-ValueNR,
    interferenceDirection-r16       ENUMERATED {nr, other, both, spare}
}

	UEAssistanceInformation field descriptions

	interferenceDirection
Indicates the direction of IDC interference. Value nr indicates that only NR is victim of IDC interference, value other indicates that only another radio is victim of IDC interference and value both indicates that both NR and another radio are victims of IDC interference. The other radio refers to either the ISM radio or GNSS (see TR 36.816 [44]).



Therefore, enhanced frequency resource indication should be signalled for DL and UL independently, to allow flexible and efficient scheduling.
[bookmark: Proposal_DLUL]Proposal 4: Enhanced frequency resource indication is signalled for DL and UL independently.
Indiation of IDC issue for non-serving cells
IDC assistance information can be provided for non-serving frequencies, according to Note 2 in TS 38.331 clause 5.7.4.2:
For a non-serving frequency, reporting IDC problems indicates an anticipation that if the non-serving frequency or frequencies became a serving frequency or serving frequencies then this would result in interference issues that the UE would not be able to solve by itself.
As there are no information regarding bandwidth / BWP / RBG of non-serving frequencies, question is whether to support enhanced FDM solution for non-serving frequencies. One may argue that there is no need to enhance it as gNB can avoid changing non-serving frequencies to serving frequencies if there is IDC problem. On the other hand, reporting enhanced FDM information can provide gNB more flexibility and less latency if gNB decides to utilize those frequencies.
[bookmark: Proposal_NonServing]Proposal 5: RAN2 to discuss whether to support enhanced FDM solution for non-serving frequencies.
If enhanced FDM solution is used for non-serving frequencies, there are two options:
· Option 1: Additional information for non-serving frequencies is provided by gNB, e.g. BWP configurations, bandwidth information, RBG size configuration. Exact information depends on which granularity is selected for serving frequencies. 
· Option 2: UE indicates the affected frequency resources based on fixed assumption. For example, for each affected frequency, UE can indicate the affected frequency domain resource assuming a fixed configuration: e.g. the BWP covers all PRBs, and configuration 2 is used for RBG size. 
[bookmark: Proposal_Nonserving2]Proposal 6: If RAN2 agrees to support enhanced FDM solution for non-serving frequencies, RAN2 to further discuss whether additional information for non-serving frequencies is provided by gNB, or UE indicates the affected frequency resources based on fixed assumption.
Conclusion
In this contribution, we discuss enhanced FDM solution for IDC, and have the following observation:
Observation 1: Using BWP for frequency resource indication is not suitable due to less information from 4 BWPs and inherent lack of knowledge of IDC interference when gNB configures BWPs.
We propose the following:
Proposal 1: The focus of IDC FDM enhancements is the signalling for the frequency resources affected by IDC problems.
Proposal 2: The unit for enhanced frequency resource indication for IDC FDM solution is RBG.
Proposal 3: Start-length pair is used to indicate frequency resource affected by IDC problem. Signalling efficient approach like resource indication value (RIV) used by RAN1 DCI can be considered.
Proposal 4: Enhanced frequency resource indication is signalled for DL and UL independently.
Proposal 5: RAN2 to discuss whether to support enhanced FDM solution for non-serving frequencies.
Proposal 6: If RAN2 agrees to support enhanced FDM solution for non-serving frequencies, RAN2 to further discuss whether additional information for non-serving frequencies is provided by gNB, or UE indicates the affected frequency resources based on fixed assumption.
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