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1 Introduction
This is the report for RAN2 email discussion [78#48] on Signalling support for Interference Handling as captured below by the Chairman.
[78#48] LTE/feICIC: Signalling support for Interference Handling [QC]

-
Discuss the open issues and to come up with a 36.331 proposal (ASN.1). Discuss also whether we need to specify details of how the UE uses the information in field description. Can also discuss how to inform the target eNB.

=>
Intended outcome: Email discussion report and draft 36.331 CR
At the last RAN2 meeting, the followings were agreed [1].
	Agreements
1
The CRS assistance information is provided to the UE via dedicated RRC signalling. New IE for CRS assistance information should be considered.

2
The network can only provide the CRS assistance information to the UEs who are capable of CRS interference handling. Therefore, the UE will have to provide a corresponding capability. 




The following open issues have been identified regarding signalling of the CRS assistant information.
· Application of the neighboring cell information for CRS cancelation
· linkage to ABS
· ASN.1 message design

· Detection of UE interference condition at handover 

2 Application of the neighboring cell information for CRS cancelation
The following UE behaviors regarding the CRS assistant information were discussed [1].

a) UE shall not perform interference handling if the network did not provide this information

b) If CRS assistance information is provided, the UE is expected to perform CRS interference cancellation.
However, there were different views how to capture the UE behaviour in the spec.
	Company
	Q1: Will the RAN2 spec specify how the UE uses the information in the field description?

	Ericsson
	RAN2 will specify that the received information over RRC will be passed to lower layer.

	ZTE
	How UE acts with those assistance information should follow RAN1 or RAN4’s specification. RAN2 could simply refer to those specifications.

	Qualcomm Incorporated
	There are two different use cases of the CRS IC. For the colliding CRS case, the UE should use the information to cancel CRS of interfering neighbor cell providing ABS, for the RLM and CQI reporting. For the non-colliding CRS case, the information may be used for CRS IC for demod of data RE. The former is critical for the RLM and CQI reporting, so it should be clearly mentioned in the spec.

	Samsung
	In our opinion Q1 is only addressing b). Chairman’s notes clearly indicate to have discussion on a) and b). We would suggest having a separate question addressing a) or rephrase Q1 to address a) for both colliding CRS as well as non-colliding CRS case.

	Panasonic
	Our interpretation of LS (R2-121999_R1-121920) is whether CRS-CRS collision case is supported or not is up to RAN4. If the CRS-CRS collision case is supported in RAN1/4, RAN2 specification just needs to specify that the received information over RRC is passed to lower layer. How UE acts on this information should follow from the RAN1 or RAN4 specification.

	Huawei
	RAN2 specs only need to specify how CRS assistance information is sent from network to UE. How this information would be used in UE should be governed by RAN4 specs related to performance requirement in different scenarios.

	New Postcom
	RAN2 specification will specify that the received information over RRC will be passed to the physical layer. How UE uses the information can be referred to RAN1 and RAN4 specification. 

	Fujitsu
	It is enough that RAN2 specification just needs to specify that the received information over RRC is passed to lower layer.

	Renesas Mobile Europe Ltd.
	We think that while the information on how the UE is assumed to use the feICIC assistance information should be correct in the RRC specification, it is perhaps more up to RAN4 to define how the assistance information shall be used. 

However, since the assistance information is tied to usage of 9 dB CRE, it might be good to capture that in the RRC specification text as well, so that UE is not but this is something that can be discussed later on.

	Intel
	We think that RAN2 can specify the received RRC information is passed to lower layer. UE behaviour will follow RAN1/RAN4 specifications.

	ITRI
	We agree on specifying the UE behaviour. In the colliding CRS case and the non-colliding CRS case, the UE behaviour may be different for different purposes.

	Hitachi
	RAN2 should refer RAN1/4 specs on how UE handles this information. We think that for the colliding case, CQI reporting without CRS cancellation would be too pessimistic for ABS.

	LGE
	We think it is desirable that the detailed behaviour to apply the received CRS information should be specified by RAN1/RAN4, and that RAN2 specification only specifies high level description with the concerned field descriptions. 

	NTT DOCOMO
	We agree the use cases for both colliding and non-colliding scenarios proposed by Qualcomm. It would be beneficial to capture in the RAN2 specification (e.g., TS 36.300). Otherwise, RAN4 performance requirements have to be developed assuming such the use cases. In addition, we are wondering the UE behaviour in case the assistance information is not signalled. Can the UE still cancel CRS interference? If not or it results in performance degradation, it would be better to clarify that the UE is not allowed to do without assistance information. UE vendor’s opinion would be much appreciated.

	Alcatel-Lucent
	If the UE is provided with CRS assistance information, the UE is expected to perform CRS interference cancellation. The use of CRS assistance info for CRS-IC could be specified in RAN4 performance requirement.


If we agree on specifying the UE behaviour, the next question is which resource restriction pattern the UE should apply the information for the CRS cancellation. For the convenience of the discussion, let’s call the resource restriction patterns as follows.
· Pattern 1: measSubframePatternPCell-r10
· Pattern 2: measSubframePatternConfigNeigh-r10
· Pattern 3-1: csi-MeasSubframeSet1-r10
· Pattern 3-2: csi-MeasSubframeSet2-r10
	Company
	Q2: Which restriction patterns will be subject to CRS cancelation using the neighboring cell information?

	Ericsson
	There is an incoming LS from RAN1 (R1-123059) about UE behaviour in colliding CRS scenario. We would prefer to come back to this question after we have discussed that LS, as we think it may have some impact.

	ZTE
	UE should apply the information for CRS cancellation for pattern 1/2/3-1. For Pattern 3-2(CSI-MeasSubframeSet2, assuming those are non-ABS), we prefer a little bit not applying the information for CRS cancellation.

	Qualcomm Incorporated
	We believe that CRS-IC based on the information shall be applied to the pattern 1 and one of the pattern 3 (either the pattern 3-1 or the patter 3-2). Again note that this is only about colliding CRS case, because there will be no interference from neighbor cell CRS on the serving cell CRS in the non-colliding CRS.

	Samsung
	For colliding CRS case, CRS cancellation is applicable to pattern1, pattern2 and one subset of pattern 3 which corresponds to ABS subframes.

	Panasonic
	If the CRS-CRS collision case is supported in RAN1/ 4; we agree that IC using the CRS assistance information need to be applied to Pattern1 and one of Pattern 3. This can be clarified in RAN1 /4 specifications.

	Huawei
	This can be up to UE implementation based on RAN4 performance requirement.

	New Postcom
	According to RAN1 LS in R1-123059, we assume that at least in the case of colliding CRS scenario, CRS cancelation can be applied for pattern1, pattern 2 and one of pattern 3 corresponding to ABS (UE might need to know which subset corresponds to ABS).

	Fujitsu
	CRS-IC should be applied to the pattern1, pattern2 and pattern3-1 (assuming those are ABSs). It may be unnecessary for the pattern3-2 indicating the non-ABSs to apply the CRS-IC.

	Renesas Mobile Europe Ltd.
	Regarding the LS from RAN1, we think the intent of the LS is just to reaffirm and clarify earlier agreements.

The feICIC assistance information should be applied for Pattern1, Pattern2 and the Pattern3 subset linked to ABS subframes.We think that RAN2 should make a decision whether it is Pattern 3-1 or Pattern 3-2 that is intended to cover the ABS subframes are specify this in RRC.

	Intel
	For colliding CRS case, CRS cancellation information is applicable to pattern 1 and one of the pattern 3. 

	ITRI
	For the colliding case, the CRS interference cancellation should be employed to improve the measurement accuracy (pattern 1/2 and one of pattern 3). For the non-colliding case, the measurement performance may be affected if the CRS interference cancellation is performed. In addition, we think that it might help in data demodulation.

	Hitachi
	We share the same view with Samsung.

	LGE
	We think pattern1/2 and one of pattern3s are applicable to CRS cancellation. Which pattern3 is applicable to CRS cancellation can be fixed in the specification. (but not necessarily in RAN2 specification). 

	NTT DOCOMO
	We agree that Pattern 1/2 and one of 3s are applicable. As said for Q1, it would be beneficial to capture in the specification. 

	Alcatel-Lucent
	At least in the colliding CRS case, the CRS-IC should be performed for serving cell measurements (with pattern 1), neighbouring cell measurements (pattern 2) and CSI with one of the configured subframe patterns. Regarding pattern 3, only one of the patterns is configured with CRS –IC at a time.


Summary of the discussion for Q1:

Majority of the companies argue that RAN2 specification will specify that the received information over RRC will be passed to the physical layer.
Summary of the discussion for Q2:

For the colliding CRS case, majority of the companies argue that CRS cancelation can be applied for pattern1, pattern 2 and one of pattern 3 corresponding to ABS. Also majority of the companies agree that RAN2 needs to specify which pattern among the pattern 3-1 and the pattern 3-2 shall be subject to CRS cancelation.
3 Linkage to ABS
There were different views if the CRS assistant information should be only for the neighbor cells providing ABS or not. Based on the agreement, the field description and possibly the name of the new IE may be impacted.
Some companies argued that UE should not cancel interference for the non-ABS subframes for CSI report and RLF monitoring, especially for the colliding CRS case, and thus the CRS assistant information should contain information of the neighbor cells providing CRS. Other companies argued that for demodulation purposes it might be good to use interference handling also for non ABS subframes, and ABS vs. non-ABS should be discussed in RAN4.

	Company
	Q3: Is the neighboring cells in the list to be linked to those providing ABS?  

	Ericsson
	The UE has no knowledge which subframes are ABS or not, hence there cannot be a linkage to ABS.

	ZTE
	The neighbor cell list for CRS IC should be linked to those providing ABS. For neighbor cells without ABS, for typical CRS colliding case, the interference on CRS should not be cancelled since data REs are also interfered.

	Qualcomm Incorporated
	For the colliding CRS case, the information shall be linked to the neighbor cells providing ABS. If the UE applies IC of the CRS of a neighbor cell not providing ABS for the RLM and CQI reporting purposes, the measurement/reporting results would be too optimistic compared to the real radio condition, which can cause problems (e.g. RLF is not triggered when it should be, or the link adaptation becomes incorrect.

	Samsung
	For colliding case where CRS IC relates to measurements; linkage to ABS is implicitly taken care by pattern1, pattern2 and one subset of pattern3. For non-colliding case, there is no linkage with ABS and UE can benefit for demodulation purpose in non-ABS subframes as well.

	Panasonic
	This question is not completely clear. Which subframes are ABS or not is not known to the UE. On the other hand, UE requires the knowledge of which cells are providing ABS. Are we questioning existence of such a link or wondering if the link is to be explicitly indicated to the UE?
The linkage between the assistance information to UE and the corresponding cell(s) providing ABS shall be taken care by the network. There is no need to signal this to the UE. The CRS assistance information should only be provided for the aggressors (strong interferers) with ABS capability.

	Huawei
	It is up to network to decide which cell’s CRS assistance information is provided. Based on neighbour cell’s ABS pattern and UE performance requirement, network may be able to make sensible decision for UE to operate normally. If so, there would be no need of linking explicitly for UE the neighboring cells in the list and those providing ABS. We should wait for RAN4 to make more progress on related studies.

	New Postcom
	In our opinion the configuration list is up to the eNB implementation, but may subject to the decision of RAN4/1. In the case of colliding CRS, the neighboring cells in the list may only be linked to those providing ABS. In the case of non-colliding CRS, the benefits of applying CRS IC to the data demodulation should be first evaluated by RAN4/1.

	Fujitsu
	The neighbouring cells in the list needn’t link to ABS since the UE does not know which neighbour cells are providing ABS.

	Renesas Mobile Europe Ltd.
	There are two viewpoints to consider:

· From UE viewpoint, the question is about whether the UE shall blindly use CRS interference mitigation for certain subframes (i.e. those subframes indicated by the measurement restriction patterns) or not. 

· From eNB viewpoint, the question is whether the eNB should always only provide assistance information for cells that are utilizing ABS in the subframes that the UE is using for restricted measurements.

Generally, we think that the focus should be on whether the UE is mandated to do something, since that is relevant for both UE and eNB (UE will do something and eNB will know UE is doing that thing). Therefore, we think that the assistance information should only be provided for aggressor cells that are utilizing ABS during the subframes indicated by UE measurement restrictions.

	Intel
	We agree with Huawei that it is up to network decision on how to provide CRS assistance information and there is no need to link explicitly with ABS.

	ITRI
	For the measurement purpose, those shall be linked to those providing ABS:
1) According to RAN1 LS, it mentioned that “… UE measurements/reporting for 9 dB CRE bias according to WID for colliding and non-colliding CRS scenarios with ABS configurations.” 

2) Linkage to ABS for the colliding case helps in measurement accuracy. Those not providing ABS shall not be included in the colliding case because the measurement performance may not correctly reflect the condition of PDCCH/PDSCH RE. For the non-colliding CRS case, we think that the CRS interference cancellation shall not be performed.

For the data demodulation purpose, we think that the CRS interference cancellation may have benefits in most scenarios. Therefore, it is not necessary to be linked to those providing ABS.

	Hitachi
	Yes, the neighbour cells in the list should be linked to those providing ABS in the case of CRS colliding case, but UE cannot recognize which subframes are ABS or not; therefore,   NW should indicate the implicitly ABS linked pattern 1, 2 and one subset of pattern3 to enable CRS IC. For non-colliding case, there is no need of linkage; however, nothing is broken if there is a linkage.

	LGE
	For the colliding case, we think the UE should be able to consider that the neighbour cells listed in the CRS information are aggressor cells that are providing ABS in the subframe indicated by measurement restriction pattern.   

	NTT DOCOMO
	We agree the majority view that for the colliding scenario, the assistance information should be linked to ABS (i.e., measurement resource restriction). For the non-colliding case (demodulation purpose), it is not needed.

	Alcatel-Lucent 
	Where CRS-IC relates to the measurements, measurements themselves provide a linkage for ABS of the strongest interfere. There is no need to provide additional linkage between CRS-IC and the ABS.


Summary of discussion for Q3:

For the colliding CRS case, the majority of the companies agree that that the assistance information should only be provided for aggressor cells that are utilizing ABS during the subframes indicated by UE measurement restrictions.
It was also proposed to clarify that the discussion should be about what the UE can assume, rather than putting requirements on the network. In this sense, the agreement could be that for the colliding CRS case, the UE assumes that the assistance information are provided only for aggressor cells that are utilizing ABS during the subframes indicated by UE measurement restrictions.

For the non-colliding CRS case, many companies argue that the assistant data does not need to the neighbor cells providing ABS. 
4 ASN.1 message design
At RAN2 #77, the stage 3 CR [2] was discussed. Several companies proposed that the neighbor cell CRS information should be provided in the message that can be conveyed to the UE during the HO. All of the stage 3 text proposals submitted in the meeting met this criterion, as all of them updated an IE included in the RRCConnectionReconfiguration message [2][3][4].
The options submitted were;

· New IE in the RadioResourceConfigDedicated IE [2]

· New IE in the OtherConfig IE [3]

· New IE in the MeasObjectEUTRA IE [4]

	Company
	Q4: Which RRC message/IE should include the CRS assistant information? Which kind of optionality should be applied to the new IE?

	Ericsson
	We argue for including the signalling in OtherConfig IE.

	ZTE
	We prefer New IE in the RadioResourceConfigDedicated IE or New IE in the OtherConfig IE. The information is UE specific and does not necessarily relate with measurement.

	Qualcomm Incorporated
	We prefer a new IE in the RadioResourceConfigDedicated IE, as it is the simplest approach to take. 

	Samsung
	We are OK with the placement of the New IE in either MeasObjectEUTRA or RadioResourceConfigDEdicated. We have a slight preference for MeasObjectEUTRA, unless it is very clear that we will never have the New IE for CRS IC other than for the primary frequency..

	Panasonic
	We slightly prefer to use MeasObjectEUTRA IE for similar reasons as Samsung.

	Huawei
	We prefer to use RadioResourceConfigDedicated IE for CRS assistance information.

	New Postcom
	We prefer a new IE in the RadioResourceConfigDedicated IE for CRS assistance information.

	Fujitsu
	We prefer to use the MeasObjectEUTRA IE for CRS assistant information.

	Renesas Mobile Europe Ltd.
	We would prefer to use MeasObjectEUTRA IE, given that the information is carrier-specific and is always relevant for measurements (even though it is also used for demodulation in case of non-colliding CRS).

From a purely “clean specification”-approach, we would be fine to isolate the information to OtherConfig IE as well.

	Intel
	We prefer to use RadioResoruceConfigDedicated IE.

	ITRI
	We slightly prefer the RadioResourceConfigDedicated IE.

	Hitachi
	We slightly prefer to use RadioResourceConfigDedicated .

	LGE
	We prefer to have it in RadioResourceConfiguDedicated. 

	NTT DOCOMO
	We prefer to use the RadioResourceConfigDedicated IE.

	Alcatel-Lucent
	We prefer RadioResourceConfigDedicated IE


Summary of discussion for Q4:

Majority of companies have preference to use RadioResourceConfigDedicated .

5 Detection of UE interference condition at handover 
When a UE is handed over to a CRE area with large bias of a target cell, the target eNB needs to provide the CRS assistant information to the UE during the handover procedure, and to schedule the UE’s traffics with interference-restricted resources. In order to do so, the target eNB needs to know that the incoming UE would be under strong interference after handover completion.
	Company
	Q5: During handover, how does the target eNB get informed that the incoming UE would be under strong interference after handover completion?

	Ericsson
	We believe the sourceMeasConfig sent in the HandoverPreparationInformation to the target/victim cell can be used as it contains the measSubframePatternConfigNeigh and cellIndividualOffset.
We note that this question is related to the question about MIB detection (also an incoming LS from RAN1, R1-123058).

	ZTE
	We see this as an implementation issue to eNB. One practical way to do this could be as Ericsson proposed.

	Qualcomm Incorporated
	We prefer a method in which the source eNB indicates HO to CRE to the target eNB. This indication can be done by including a flag in the handover request message.

	Samsung
	We also think this is an implementation issue and out of scope of RAN2.

	Panasonic
	The source eNB knows the UE is in strong interference condition. The target cell requires the knowledge whether the incoming UE is in strong interference condition or not. This can be indicated to the target using the RRM-Config IE (CandidateCellInfo) from source cell. As from RAN2 perspective, we don’t see a need to signal additional information from the UE side or on X2.

	Huawei
	An indication separate from the presence of measSubframePatternConfigNeigh and cellIndividualOffset may be useful to maintain source eNB’s flexibility on when to hand UE off to target cell. Even when restricted measurement is enacted and measurement reporting can be triggered in CRE area, source eNB is still not under obligation of handing UE off sooner than it wants to,

	New Postcom
	We agree with ZTE and Samsung. This is an eNB implementation issue. 

	Fujitsu
	Realistic solution may be that it is left for an eNB implementation.

	Renesas Mobile Europe Ltd.
	From RAN2 perspective, the question is whether some additional signaling between UE and eNB would be required, and it doesn’t seem necessary as the source eNB is already aware of the UE situation. Hence, this seems to be more of a RAN3 or eNB implementation issue.

We also think this could be discussed together with the LSs coming from RAN1 regarding MIB/SIB1 assistance information.

	Intel
	We think this is an implementation issue and there is no additional RAN2 signalling needed.

	ITRI
	We think that this is an eNB implementation issue.

	Hitachi
	We share the same view with ZTE and Samsung.

	LGE
	Existing inter-node signalling is sufficient for the target to detect the handover subject to strong interference

	NTT DOCOMO
	We also agree that the existing inter-node signalling is enough. How to detect MIB/SIB1 in the CRE region asked by RAN1 is related to this topic and needs to be discussed at the next meeting. However, it should be considered based on the existing inter-node signalling.

	Alcatel-Lucent
	We think the information transmitted in sourceMeasConfig is sufficient for the target eNB to figure out whether the UE is under strong interference.   


Summary of discussion for Q5:

Majority of companies argue that it is an eNB implementation issue. There are comments that this question is related to the LS from RAN1 about MIB/SIB1 detection.
6 Conclusions

The following conclusions are proposed based on the comments during the e-mail discussion.
· RAN2 specification will specify that the received CRS assistant information over RRC will be passed to the physical layer. RAN2 may make reference to the relevant RAN4 specification in the future.
· CRS cancellation can be applied to pattern1, pattern 2 and one of pattern 3 corresponding to ABS. RAN2 needs to specify that the UE shall not perform CRS IC on the pattern 3-2, while the UE may apply CRS cancellation to pattern 3-1.
· At least for the aggressor cells with colliding CRS, RAN2 needs to specify that the UE assumes that the assistance information are provided only for aggressor cells that are utilizing ABS during the subframes indicated by UE measurement restrictions. For the aggressor cells with non-colliding CRS, further discussion is needed.

· The CRS assistant data is included in RadioResourceConfigDedicated IE.
· Detection of UE interference condition at handover can use existing inter-node signalling, and is left to eNB implementation.
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