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Discussion
1. Introduction
Since RAN4 has finished the Rel-13 homogenous network CRS-IM WI, the UE capability signalling has not been finalized for the feature implementation. Although RAN4 went through many discussions with various aspects, we don’t see a clear decision or direction on compromised solutions. 
In RAN4 #77 discussion, it has been agreed in [1] as 
A new UE capability signaling will be introduced indicating CRS-IM capability on at least one CC, without the information of supported CCs, if the feature is not mandatory.
As we observed the RAN plenary discussion, there was no significant request to make the Rel-13 homogenous network as a mandatory feature. Therefore, now we wish all companies to agree on the UE capability signaling introduction as the agreement. In this contribution, we discuss further details on the possible signaling method.
2. CRS-IM RX Capability Report Signalling
During the Rel-13 Homogenous network CRS-IM WI phase, RAN4 has discussed about the options as below through [2]~[4]: 

· Option 1: Not define new UE capability signaling and reuse the R.11 crs-InterfHandle signaling to imply the R.13 CRS-IM capability

· Option 2: Define new UE capability signaling including information on the number of supported CCs for R.13 CRS-IM UE.

· Option 3: Define new UE capability signaling indicating CRS-IM support on at least one serving cell

If RAN4 plans to study the Rel-14 CA+CRS-IM performance requirement, perhaps some companies intend to introduce the per-CC signaling structure to prepare the enhanced CA+CRS-IM through the current Rel-13 discussions, however we think it unnecessarily involves further release UE capability into Rel-13 discussion. Since RAN4 already agreed on a per-UE manner UE capability as above, we propose to design the UE capability details based on the agreement. 

So far, the discussions up to now are summarized in the Table 1.
Table 1 : Possible method on Rel-13 CRS-IM UE capability signalling
	Method options
	Description
	Merits
	Drawback

	1. No UE capability signalling
	UE vender declares if a tested UE is CRS-IM capable. 
No UE capability report.
	No CRS Assistance in case UE performs blind detection


	· A network needs to broadcast CRS-assistance information in cell specific manner (all UEs and all CCs)

· Alternatively UE needs to use blind detection of CRS Assistance information.

	2. Per-UE capability signaling with 1-bit indication
	1-bit indication for CRS-IM UE capability report
UE is required to support CRS-IM on at least one CC
	· Simple UE capability signalling

· CRS-IM related with CA usecase is managed by UE in network transparent way.
· A network can send signaling in UE specific manner.
	· A network does not know which CC is applied with CRS-IM.
· A network may need to send CRS Assistance for multiple CCs 
· Alternatively UE may need to perform blind detection of CRS Assistance

	3. Per-UE capability signaling with indicating up to max N CCs configuration on at least one CC
	· UE signals the max number of CCs up to which CRS-IM is supported. 
· CRS-IM is guaranteed to be supported on at least one CC.


	· Simple signalling framework. 
· A network can send signaling in UE specific manner.
· A network can reduce signaling overhead and provide assistance for a subset of CCs
	· A network does not know which CC is applied with CRS-IM.

	4. Per-CC capability signaling 
	· Option 1 in [5]: Reuse the structure of NAICS.
· Option 2 in [5]: Report the number of CCs per-band combination ( indicating the total number of CRS-IM capable RBs per a band-combination ).
	· A network can know which CC is applied with CRS-IM.
· A network signaling can be optimized on target CCs.
	· Add more options to the current band-combination report. It may generate multiple cases combining with other IC features.

· Concern on complexity on UE capability signaling.

	5. Per band-combination capability signaling
	Option 3 in [5] : Report the capability per-CC like MIMO layers 
	
	Same as Option 4


In UE implementation point of view, Option 1~3 give benefits that a UE can manage IC concurrent features for the best performances and best power saving purpose, which are hard to be controlled specifically by the network signaling.
A UE does not need to enumerate all IC combining cases in band-combination report. One major concern on per-UE capability signalling is signaling-overhead. The signalling can be made in UE specific manner, anyhow the eNB does not know which CC is required with CRS-assistance-information. As a compromised solution, the UE can signal the max number of CCs up to which CRS-IM is supported. CRS-IM is supported on at least one CC. Then, the network may reduce signaling overhead from all CC signalings, however we don’t see significant benefits if the UE always request all CRS-assistance-information over all CCs. In results, it turns out that the network cannot anyhow rely on the UE indication to optimize the signaling overhead.
Observation 1 : A UE supporting multiple IC features does not need to enumerate all IC combining cases in band-combination report. A UE can manage IC concurrent features such as NAICS, CRS-IM and CC-IM for the best performances and best power saving purpose.
Observation 2 : RAN4 has agreed in RAN4#77  “A new UE capability signaling will be introduced indicating CRS-IM capability on at least one CC, without the information of supported CCs, if the feature is not mandatory”
Proposal 1 :  Introduce a per-UE capability signaling with 1-bit indication as the RAN4 agreement.

If there is no agreement on CRS-IM capability, the only solution is a blind UE capability indication. A UE vender just declares if the UE supports Rel-13 CRS-IM requirement or not. Moreover, CRS-IM is an essential feature that will be practically used in fields. Therefore, delay of the decision may cause confusion in feature usages. 

Proposal 2 : If there is no agreement on Rel-13 CRS-IM, a blind UE capability indication is the only solution that can be used in real fields. 
Also, we found in [7], 4-RX AP CRS-IM or 4-TX AP CRS-IM performance requirements may be made in the later releases. Just in a case that many CRS-IM capability are ready in later release, we want to clarify as
Proposal 3. Specify Rel-13 CRS-IM capability signally is only for 2-RX. 4-RX AP UE is not applicable in future releases. 
Currently, discussion on CC-IM UE capability signaling is on-going parallel. Originally it is an independent feature discussion, so it should not be coupled with Rel-13 CRS-IM feature. One similarity of the two features is the network signaling.  The network is expected to send out CRS-assistance-information in common for the two feature. Therefore, a separate UE capability for each feature must be introduced, but it would be desirable to align the UE capability signaling structure between the two features. 

Proposal 4 : Introduce a separate UE capability for each of Rel-13 CRS-IM capability and Rel-13 CC-IM capability, but align the signaling structure between the two features as proposal 1.
3. Conclusion
In this contribution, we share our observations and preferences of the Rel-13 CRS-IM UE capability signallings.
Observation 1 : A UE supporting multiple IC features does not need to enumerate all IC combining cases in band-combination report. A UE can manage IC concurrent features such as NAICS, CRS-IM and CC-IM for the best performances and best power saving purpose.
Observation 2 : RAN4 has agreed in RAN4#77  “A new UE capability signaling will be introduced indicating CRS-IM capability on at least one CC, without the information of supported CCs, if the feature is not mandatory”
Proposal 1 :  Introduce a per-UE capability signaling with 1-bit indication as RAN4 agreement.

Proposal 2 : If there is no agreement on Rel-13 CRS-IM, a blind UE capability indication is the only solution that can be used in real fields. 

Proposal 3. Specify that Rel-13 CRS-IM capability signally is only for 2-RX. 4-RX AP capable UE is not applicable in future releases. 

Proposal 4 : Introduce a separate UE capability for each of Rel-13 CRS-IM capability and Rel-13 CC-IM capability, but align the signaling structure between the two features as proposal 1.

1. Reference
[1] RAN4 #77 demodulation and RRM chairman note
[2] R4-161776 “UE capability for CRS-IM receiver,” Qualcomm, San Jose del Cabo, Mexico, 11th – 15th Apr 2016
[3] R4-163425 “CRS-IM signalling,” Huawei, RAN WG4 Meeting #79, Nanjing, China, 23 - 27 May, 2016

[4] R4-163252 “Discussion on Rel-13 CRS-IM UE capability signalling,” Intel, RAN WG4 Meeting #79, Nanjing, China, 23 - 27 May, 2016

[5] R4-163930 “Consideration on the UE CRS-IM capability,” Ericsson, RAN WG4 Meeting #79, Nanjing, China, 23 - 27 May, 2016

[6] R4-164387, “New WI proposal for LTE DL 4Rx with CA in Rel-14”, Ericsson, RAN WG4 Meeting #79, Nanjing, China, 23 - 27 May, 2016

[7] R4-163238, “New Work Item Proposal: Enhanced CRS Interference Mitigation for LTE”, Intel, RAN WG4 Meeting #79, Nanjing, China, 23 - 27 May, 2016

8
2

