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1 Introduction

· [AT119-e][651][IDC] FDM solution enhancements (Huawei)

      Scope: based on companies’ contributions submitted in 8.10.2

      A) Identify the use cases or scenarios (e.g. serving/non-serving, E-UTRA frequency, NR frequency and MR-DC) for the FDM solution enhancements. 

      B) Granularity of frequency indication for identified use case/scenarios  

      Intended outcome: Report to Wednesday session in R2-2208921 

      Deadline: Wednesday 2022-08-24 00:30 AM UTC.
2 Contact Details
Respondents to the email discussion are kindly asked to fill in the following table.

	Company
	Name
	Email Address

	Huawei, HiSilicon
	Jagdeep Singh
	jagdeep.singh6@huawei.com

	Ericsson
	Mattias Bergström
	Mattias.a.bergstrom@ericsson.com

	Xiaomi
	Yumin Wu
	wuyumin@xiaomi.com

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


3 Discussion
In Rel-15, the IDC Frequency Division Multiplexing (FDM) solution was introduced to support the EN-DC. In Rel-16, the IDC FDM solution was introduced to support the standalone NR. 
In these legacy scheme in NR, the network would indicate a list of “center frequency” in candidateServingFreqList with ARFCN value. The UE would then report the affected frequencies to the network. The network would move the affected NR frequency away from the non-3GPP frequencies. 

However, the current IDC solution in NR has the following limitations
1. The affected frequencies cannot be adequately indicated via the NR FDM solution

2. TDM solution as in LTE is not available

In RAN#94e, the new work item for In-Device Co-existence (IDC) enhancements for NR and MR-DC was approved. In the WID, the following objective for FDM solution enhancement was agreed:

	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.


3.1 Scenarios to be addressed IDC interference in Rel.18 
Legacy FDM solution to address the IDC scenarios such as (i) adjacent channel interference between NR and non-3GPP technologies and (ii) Intermodulation Distortion (IMD) interference from simultaneous Tx in MR-DC to non-3GPP have already been supported in the current specification but it is too coarse as the reporting is at the NR carrier frequency level. 

Contributions [1], [9]. [11] and [14] discusses the details of these scenarios which can be considered for the FDM enhancement in Rel.18. 
3.1.1 Scenario 1: Adjacent channel interference between NR and non-3GPP 
In this scenario IDC interference will be caused by the NR Transmission (Tx) to Non-3GPP Reception (Rx) or by the Non-3GPP Transmission (Tx) to NR Reception (Rx) due to the operational NR bands are adjacent to the ISM bands. An example of this scenario is as shown in Figure 1 below.
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Figure 1 - Example of adjacent channel interference between NR and non-3GPP
Depending on whether the NR node is operating in standalone mode or as MN of NR-DC or as SN of MR-DC, this scenario can be further categorized into following two sub scenarios

Scenario 1-1: Adjacent channel interference between NR Stand Alone (SA) or MN of NR-DC and non-3GPP

Scenario 1-2: Adjacent channel interference between SN (NR) of MR-DC and non-3GPP

Q1. Do you agree that Scenario 1-1: Adjacent channel interference between NR Stand Alone (SA) or MN of NR-DC and non-3GPP should be considered for the FDM enhancement in Rel.18?

	Company
	Agree/Disagree
	Comments (if any)

	Huawei, HiSilicon
	Agree
	We think that the legacy FDM solution to address the Adjacent channel interference issue for the scenarios described above has been supported by the current specification, so we think that this scenarios should be considered for the FDM enhancement in Rel.18.

	Xiaomi
	Agree, but
	For NR SA and NR-DC, the non-serving frequency of LTE (which is configured for measurement purpose) also has the adjacent channel interference issue. Then the UE configured with NR should also be able to report the affected frequency of LTE.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Q2. Do you agree that Scenario 1-2: Adjacent channel interference between SN (NR) of MR-DC and non-3GPP should be considered for the FDM enhancement in Rel.18?

	Company
	Agree/Disagree
	Comments (if any)

	Huawei, HiSilicon
	Agree
	Same reason as described in comment for Q1.

	Xiaomi
	Agree, but
	We think that one intention of Scenario 1-2 is to exclude NE-DC from MR-DC. This is aligned with the IDC WID.
For MR-DC, the non-serving frequency of either LTE or NR can have adjacent channel interference.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


3.1.2 Scenario 2: Intermodulation Distortion (IMD) interference from simultaneous Tx in MR-DC to non-3GPP 
In this scenario the inter modulation distortion interference will be caused by the simultaneous transmission (Tx) in the uplink within MCG and SCG (including NR-DC and EN-DC case) to non-3GPP due to the combination of the operational bands used during MR-DC operation. An example of this scenario is as shown in Figure 2.
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Figure 2 - Example of IMD interference from simultaneous Tx in MR-DC to non-3GPP
Depending on whether the MR-DC configuration is EN-DC or NR-DC, this scenario can also be further categorized into following two sub scenarios

Scenario 2-1: IMD interference from simultaneous Tx in EN-DC to non-3GPP 
Scenario 2-2: IMD interference from simultaneous Tx in NR-DC to non-3GPP
Q3. Do you agree that Scenario 2-1: IMD interference from simultaneous Tx in EN-DC to non-3GPP should be considered for the FDM enhancement in Rel.18?

	Company
	Agree/Disagree
	Comments (if any)

	Huawei, HiSilicon
	Agree
	We think that the legacy FDM solution to address the IMD interference issue for the scenarios described above has been supported by the current specification, so we think that this scenarios should be considered for the FDM enhancement in Rel.18.

	Xiaomi
	Agree, but
	As indicated above, we think that NE-DC is not part of the WID scope.
For EN-DC, we could clarify that the simultaneous TX in EN-DC includes the following cases:
· Case 1: UL CA within LTE MCG
· Case 2: UL CA within NR SCG

· Case 3: Multiple UL transmission across LTE MCG and NR SCG

Case 1 and Case 3 should be the targeted scenarios for our Rel-18 FDM solution, since Case 2 only impacts the LTE frequency, which can reuse the legacy LTE FDM solution.
Since we only include EN-DC and NR-DC, maybe we can clarify that NE-DC is not with the IDC WID scope.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Q4. Do you agree that Scenario 2-2: IMD interference from simultaneous Tx in NR-DC to non-3GPP should be considered for the FDM enhancement in Rel.18?
	Company
	Agree/Disagree
	Comments (if any)

	Huawei, HiSilicon
	Agree
	Same reason as described in comment for Q3.

	Xiaomi
	Agree, but
	For NR-DC, we could clarify that the simultaneous TX in EN-DC includes the following cases:

· Case 1: UL CA within NR MCG

· Case 2: UL CA within NR SCG

· Case 3: Multiple UL transmission across MCG and SCG

All three cases should be the target of the FDM solution

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


3.2 Principles of existing FDM Solution to be considered for R18 enhancement
In the existing FDM solution, the network would indicate a list of “center frequency”, e.g. candidateServingFreqList with ARFCN value.
	IDC-AssistanceConfig-r16 ::=           SEQUENCE {


candidateServingFreqListNR-r16
     CandidateServingFreqListNR-r16  OPTIONAL, -- Need M    ...}

CandidateServingFreqListNR-r16 ::= SEQUENCE (SIZE (1..maxFreqIDC-r16)) OF ARFCN-ValueNR


The the affected frequencies reported for IDC issue include both serving and non-serving frequencies as can be seen from the quoted text from 36.331 and 38.331.
	36.331/38.331:

NOTE 2:
For the frequencies on which a serving cell or serving cells is configured that is activated, IDC problems consist of interference issues that the UE cannot solve by itself, during either active data exchange or upcoming data activity which is expected in up to a few hundred milliseconds.
For frequencies on which a SCell or SCells is configured that is deactivated, reporting IDC problems indicates an anticipation that the activation of the SCell or SCells would result in interference issues that the UE would not be able to solve by itself.
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.


Some contributions discussed the issue whether the non-serving frequency should also be considered for the finer frequency granularity reporting [1], [5], [8], [9], [10], [11]
Q5. Do you agree that the granular indications of the affected NR frequency reported for IDC issue needs to consider both serving and non-serving frequency as in the legacy FDM solution?
	Company
	Agree/Disagree
	Comments (if any)

	Huawei, HiSilicon
	Agree
	We think that reporting enhanced FDM information for both serving and non-serving frequencies  can provide gNB more information about the ongoing IDC issue on the serving frequency as well as the potential issues that may arise on the non-serving frequencies. Such indications will provide gNB with flexibility and reduce latency if gNB decides to use those frequencies for the UE.

	Ericsson
	Agree
	We think this is already supported by current specs (both NR and LTE) and this approach should work also for the higher granularity indications.

	Xiaomi
	Agree
	We share the same view with Huawei and Ericsson. For non-serving frequency reporting, the intention is also to indicate the IDC issue on the measurement for non-serving frequency, since the IDC interference could cause inaccurate measurement result, which will impact the mobility and MDT.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Q6. Do you agree that we should aim to have unified FDM solution with granular indications for both  serving and non-serving frequency in R18 for simplicity as in the legacy FDM solution?
	Company
	Agree/Disagree
	Comments (if any)

	Huawei, HiSilicon
	Agree
	Yes, we should aim to have a common design for reporting both serving frequency and non-serving frequency for the FDM solution in R18 otherwise we may end up with different solutions for serving and no-serving frequency. 

	Ericsson
	Agree
	To allow for the outcome of this IDC WI to have a chance of being implemented, it is important to keep the complexity down. To have one solution which can be applied both for serving and non-serving frequencies is less complex than two different solutions.

	Xiaomi
	Agree, but
	We think that it would be better to have unified solution for finer granularity of frequency information. However if most companies consider that some specific enhancements are needed (e.g. for serving frequency), we are also open to discuss. 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


3.3 Frequency Reporting Granularity
With the current FDM solution, it is already possible to send FDM-indication indicating problematic frequencies. The scope of the R18 IDC Enhancement includes that the FDM indications should be made more granular. 
To make the FDM indications more granular the following options are proposed in the papers:

· Option 1: Central frequency + Bandwidth of the actual affected frequency range [5], [6], [9], [11], 
· Option 2: Starting frequency + Ending frequency of the actual affected frequency range [5], [6]
· Option 3: BWP-based reporting using BWP ID [1], [6], [7], [10], [12], [13]
· Option 4: BWP-based reporting using BWP ID + PRB index [6]. [7], [9]
· Option 5: Measurement object ID 
· Option 6: Resource Block Group (RBG) based reporting [8]
Further Details about these options from the papers
For Option 1 and 2 - in addition to configuring the candidate serving frequency list (center frequency), the gNB can configure the candidate bandwidth for each of the candidate serving frequency. The UE can report the actual affected frequency range either in terms of Central frequency + Bandwidth [5], [11] or in terms of Starting frequency + Ending frequency [5]. Option 1 and 2 provides finer granularity than BWP based reporting in Option 3. Additionally, with option 1 and 2, unified reporting approach can be applied for both serving and non-serving frequencies.
For option 3 – It needs to be taken into consideration that currently BWP is only configured for serving cells, thus such FDM enhancement can be applied to the serving frequency only in its current form. If BWP based reporting is to be considered for non-serving frequencies then additional signaling (Location And Bandwidth, Subcarrier Spacing, offsetToCarrier) as described in [10] will be needed to configure candidate BWP IDs on the non-serving frequencies.
For option 4 – This is same as option 3, with additional affected PRBs reported within the BWP. This option will also need additional signaling as in option 3 if it to be extended for non-serving frequencies. 

For option 5 - One NR measurement object can include two different frequencies (e.g. ssbFrequency for SSB measurement and refFreqCSI-RS for CSI-RS measurement), and the NR measurement object configuration is also not able to provide the affected frequency range. Using the NR measurement object ID to indicate the NR frequency is not be able to provide the accurate frequency indication for the IDC interference [5].

For option 6 – RBG has the benefit of less signaling overhead, and is also flexible in size [8]. However, it could be possibly only be applied for indicating the affected RBG within the serving cell 
Based on the discussion above, companies are invited to indicate their preferred option(s) for frequency reporting granularity and may provide any additional details on how the preferred option could work for both serving and non-serving frequencies with an aim to have unified solution.
	Company
	Preferred Option #
	Any details on how their preferred option(s) could work for both serving and non-serving frequencies

	Huawei, HiSilicon
	Option 1
	Yes. 
We think that if the affected frequency is the UE’s serving frequency, then there is no problem for the UE to report the actually affected PRB or BWP. However, if the affected frequency is the UE’s non-serving frequency, the UE will not be able to report the actually affected PRB or BWP unless it is provided this information with additional signalling. 
To have a common design for both serving frequency and non-serving frequency, we prefer that the UE report the actually affected bandwidth and the central frequency of this bandwidth for each affected frequency as it is more granular than the BWP option and has low signalling overhead.

	Ericsson
	3
	We think that option 1, 2 and 3 are on paper very similar and main difference is semantics.
One benefit of option 3 is simplicity:

1) The gNB configures all available BWPs as candidate BWPs for the UE (i.e. similar to how the gNB with the current FDM-solution configures candidate ARFCNs for the UE).

2) If the UE detects interference on candidate BWPs, the UE reports those BWPs.

3) gNB avoids that the UE uses the problematic BWPs.
We consider option 1 and 2 to be optimizations. They do increase the granularity even further, but the question is if it will be used in reality? That increased granularity would only be useful if the gNB would be able to avoid that the UE is scheduled on, and avoids that the UE sends/receive signals on, the problematic PRBs of a BWP. We do not think this is likely to be implemented as it would be complex for the gNB to do so. So in our mind, option 1 and 2 are most likely just increasing the complexity of the solution without bringing any real gains.

	Xiaomi
	Option 1 or Option 2 for NR frequency
Option 5 for LTE frequency
	For NR frequency, Option 3/4/6 are not valid for non-serving frequency, as non-serving frequency does not have BWP configuration, PRB index and RGB information. Option 3/4/6 are also not valid when the NR frequency of SCG is reported to the LTE MN, as the LTE eNB does not have the BWP configuration, PRB index and RGB information of the NR frequency of SCG, and is not able to understand NR ASN.1. For Option 5, one measurement object of NR can include more than one frequencies, and then we would need to find another solution to indicate which frequency from NR measurement object is affected.
For LTE frequency (which could be included for IMD issue or non-serving LTE frequency reporting via NR side), the legacy measurement object ID for LTE frequency can be reused. We understand that the question is only for the NR frequency. However it would be better to confirm that LTE frequency granularity for FDM is not changed. 

	
	
	

	
	
	

	
	
	

	
	
	


4 Conclusion

In summary, the following are proposed:

TBD
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