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1. Introduction

In RAN #73 meeting the “LTE Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements” WI was approved [1]. The work item has the following key objectives:
	· Investigate feasibility and specify requirements for the CRS-IM receivers for the generic scenarios with different number of CRS APs (2, 4) and different number of UE receive antennas for synchronous networks.

· Investigate feasibility and specify requirements for the enhanced SU-MIMO inter-stream interference mitigation (SU-MIMO IM) receivers for the scenarios with 4 receive antennas UEs


In this paper we provide high-level views on the associated UE capabilities and features framework.

2. Enhanced CRS-IM UE capabilities/features 

The following agreements on the CRS-IM UE capabilities were made in RAN4 #82 [2]:
	· Further discuss Enhanced CRS-IM UE features and capability signalling
· UE features (capabilities) for CRS-IM
· FFS whether to define separate capabilities for 2RX and 4RX CRS-IM  
· Data and control channels
· Option 1: Define separate CRS-IM capabilities for PDSCH and DL Control channels
· Option 2: Do not differentiate between PDSCH and DL Control channels CRS-IM capabilities
· Number of CRS APs
· Option 1: Define separate capabilities for CRS-IM for 1/2 and 4 CRS APs. 2 CRS APs capability is a pre-requisite for the 4 CRS APs capability.
· Option 2: Do not differentiate between 2 and 4 ports CRS-IM capabilities
· Capability signalling
· Option 1: Define per-UE capability signalling for each feature: 
· Indicate support of CRS-IM on at least one CC. 
· FFS if any constrains on the max CC CA configuration should be signaled.
· Other options are not precluded


First, we provide a brief comparison of the Rel-13 CRS-IM and anticipated Rel-14 Enhanced CRS-IM UE capabilities:

Table 1. Rel-13 CRS-IM and Rel-14 Enhanced CRS-IM comparison

	
	Rel-13 CRS-IM
	Rel-14 Enhanced CRS-IM (expectations)

	Number of UE RX chains
	2 RX UEs only
	2 RX and 4 RX

	Physical channels
	PDSCH only
	PDSCH 

DL Control Channels are FFS

	Number of CRS APs
	2 CRS APs in the serving and interference cells
	2 CRS APs and 4 CRS APs cases. 

Additional requirements for a mix of 2/4 CRS-APs are under discussion.

	PDSCH TMs
	Separate capabilities for non-TM10 and TM10 cases
	Non-TM10 case

	CRS Assistance
	Provided
	Provided. 

Blind detection under discussion.

	Capabilities signalling
	· Non-TM10 CRS-IM: Per UE capability signalling. Indicate support of CRS-IM on at least one CC for up to N CC CA configuration.

· TM10 CRS-IM: Per-UE capability signalling. Indicate support of CRS-IM one at least on CC.


	FFS


Below we provide our views on the anticipated Enhanced CRS-IM UE capabilities, taking into account the differences vs the Rel-13 CRS-IM feature.

CRS-IM for 2RX and 4RX UEs

CRS-IM for 2RX and 4RX UEs may have substantially different UE implementation complexity. Meantime, in general one UE may be able to support 4 RX on certain bands and 2RX on other bands. The Rel-13 CRS-IM requirements are defined for UEs with 2RX only and are not applicable to the 4RX cases. In case UE indicates the legacy 2RX CRS-IM UE capability it may not be assumed that UE supports CRS-IM for 4RX case as well. Otherwise, UEs which can potentially support 2 RX CRS-IM support but cannot do 4RX CRS-IM support may potentially decide to deactivate the 2RX capability due to complexity constraints. Therefore, to avoid potential issues and allow more UE implementation flexibility separate UE capabilities for 2RX and 4RX cases can be considered.
Recommendation: Define separate features for 2RX and 4RX CRS-IM

CRS-IM for data and control channels

In Rel-13 the CRS-IM functionality was introduced for both data and control channels in the scope of CRS-IM and CCIM WIs. Respectively, different UE capabilities were introduced for both features. In the Rel-14 framework, similar principles can be reused and separate UE capabilities defined for data and control.
Recommendation: Allow UE to differentiate the support of CRS-IM for Data and Control channels
CRS-IM for 1/2/4 CRS APs

Similarly, the complexity of CRS-IM for 1/2 and 4 CRS APs may be different. To allow better implementation flexibility it may be possible to use different capabilities for different number of CRS APs. In the latter case the 2 CRS APs capability can be considered as a pre-requisite for the 4 CRS APs capability.
Recommendation: Allow UE to differentiate the support of CRS-IM for 2 and 4 CRS APs. 2 

CRS Assistance vs Blind detection

Depending on the implementation UE may be potentially able to autonomously detect the required information on the neighboring cells CRS parameters. In case UE has such capabilities the network assistance overhead can be reduced. Therefore, blind detection of the CRS parameters can be potentially considered as a separate feature.

Recommendation: Define a separate feature for blind detection of CRS assistance information.
Capability signalling

Similar to Rel-13 framework, per UE capability signalling approach is recommended under assumption that CRS-IM is supported on at least one CC. Following the Rel-13 framework, UE can also indicate the max CC CA configuration.

Feature list
In summary we propose the following UE feature list for Enhanced CRS-IM:
· UE feature #1: CRS-IM for 2RX for PDSCH and 4 CRS APs

· UE feature #2: CRS-IM for 2RX for DL Control channels and 4 CRS APs

· UE feature #3: CRS-IM for 4RX for PDSCH and 1/2 CRS APs

· UE feature #4: CRS-IM for 4RX for PDSCH and 4 CRS APs

· UE feature #5: CRS-IM for 4RX for DL Control and 1/2 CRS APs

· UE feature #6: CRS-IM for 4RX for DL Control and 4 CRS APs

· UE feature #7: Support of blind detection of base CRS assistance information (number of CRS-APs)

Proposal #1:
Define the following UE features framework for R14 Enhanced CRS-IM

1) CRS-IM for 2RX for PDSCH and 4 CRS APs

2) CRS-IM for 2RX for DL Control channels and 4 CRS APs

3) CRS-IM for 4RX for PDSCH and 1/2 CRS APs

4) CRS-IM for 4RX for PDSCH and 4 CRS APs

5) CRS-IM for 4RX for DL Control and 1/2 CRS APs

6) CRS-IM for 4RX for DL Control and 4 CRS APs

7) Support of blind detection of base CRS assistance information (# of CRS-APs)

3. Enhanced SU-MIMO IM UE capabilities/features

The following agreements on the SU-MIMO UE capabilities/features were made in RAN4 #82 [3]:
	· Enhanced SU-MIMO IM feature
· Optional feature for 4 RX capable UEs
· Option 1: Single feature for rank 2,3,4 SU-MIMO IM
· Option 2: Two features
· 4RX SU-MIMO for rank 2
· 4RX SU-MIMO for rank 3,4
· Support of 2RX R-ML does not imply the support of 4RX R-ML
· FFS if support of 4RX R-ML implies the support of 2RX R-ML
· Enhanced SU-MIMO IM Capability signaling
· No UE capability signaling


The Rel-12 SU-MIMO UE capabilities / feature can be characterized as follows:

· Optional capability

· No UE capability signalling defined 

· Performance requirements defined for single CC case 

· Applicable for 2RX capable UEs only (2RX bands)

The Rel-14 Enhanced SU-MIMO requirements are expected to be applicable for the 4RX capable UEs only and defined for the single CC case. Below, we provide our views on the questions raised on the previous meeting:

Feature structure

In the previous meeting there were suggestions to define separate features for rank 2 R-ML and rank 3/4 R-ML. In our understanding, the overall 4RX UE capability is directly coupled with the maximum number of supported layers. Hence, for legacy MMSE receivers, when UE declares 4 RX capability there is no differentiation between rank 2, 3, 4 support. In general, the R-ML receiver complexity increases with the increase of the number of processed MIMO layers. However, as discussed before in the WI the scenarios with high computational complexity (e.g. rank4 256QAM or 64QAM) were already moved out of scope. Given that, we do not see strong need to further classify features in terms of implementation complexity. Hence, a single feature for rank 2, 3, and 4 SU-MIMO IM is recommended.

2RX and 4RX R-ML
In the previous meeting it was agreed that “Support of 2RX R-ML does not imply the support of 4RX R-ML”. Meantime, no conclusions on the opposite case were made (“FFS if support of 4RX R-ML implies the support of 2RX R-ML”). In our view, if the platform can support 4 layer R-ML processing for 4RX case, there are no obstacles to support the 2RX R-ML. So, the existing Rel-12 SU-MIMO IM feature can be considered as a pre-requisite feature for 4RX R-ML.

Proposal #2:
Rel-14 Enhanced SU-MIMO IM UE features
· Define a single feature for rank 2,3,4 SU-MIMO IM 

· 2RX R-ML is the pre-requisite feature for 4RX R-ML

4. Conclusions

In this contribution, we’ve provided views on the Enhanced CRS-IM and SU-MIMO UE capabilities/features framework. In summary, we make the following proposals:

Proposal #1:
Define the following UE features framework for R14 Enhanced CRS-IM

1) CRS-IM for 2RX for PDSCH and 4 CRS APs

2) CRS-IM for 2RX for DL Control channels and 4 CRS APs

3) CRS-IM for 4RX for PDSCH and 1/2 CRS APs

4) CRS-IM for 4RX for PDSCH and 4 CRS APs

5) CRS-IM for 4RX for DL Control and 1/2 CRS APs

6) CRS-IM for 4RX for DL Control and 4 CRS APs

7) Support of blind detection of base CRS assistance information (# of CRS-APs)

Proposal #2:
Rel-14 Enhanced SU-MIMO IM UE features
· Define a single feature for rank 2,3,4 SU-MIMO IM 

· 2RX R-ML is the pre-requisite feature for 4RX R-ML

In addition we attach the suggested inputs to the overall RAN4 UE feature list.
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RAN4 Rel-14 feature list

				WI		#		Feature group		Components		Prerequisite feature groups 
(listed in this sheet or Rel-8/9/10/11/12 features)		Need for eNB to know whether the
feature is supported by the UE
(what happens if eNB does not know?)		Consequences if the feature
 is not supported by the UE		Need of FDD/TDD differentiation		RAN5 implication		Note		Responsible WG		RAN WG recommendation		TSG-RAN decision

				1. Enhanced CRS-IM and SU-MIMO (LTE_eCRSIM_eSUMIMO)		1		Enhanced SU-MIMO IM for UEs with 4 receive antennas		Enhanced inter-stream interference suppression for SU-MIMO transmissions with rank 2, 3, and 4 with 4 receive antennas		Rel-12 18-1 (SU-MIMO Advanced receiver)		No		SU-MIMO advanced receiver capability is not possible		No need				No capability signalling is needed		RAN4		Optional w/o capability

						2		Enhanced CRS-IM for non-TM10 PDSCH and 4 CRS APs for UEs with 2 receive antennas		Support of CRS-IM for non-TM10 PDSCH and 4 CRS APs case in the neighboring cell for Ues with 2RX chains		Rel-13 3-1 (Support of CRS-IC in homogeneous networks for non-TM10 TMs)		Yes		CRS-IM for non-TM10 PDSCH and 4 CRS APs for UEs with 2 receive antennas is not possible		No need				Capability signalling is needed.		RAN4		Optional

						3		Enhanced CRS-IM for DL Control Channels and 4 CRS APs for UEs with 2 receive antennas		Support of Type A CCIM receivers for 4 CRS APs case in the neighboring cell for UEs with 2RX chains		Rel-13 4-1 (Support of Type A DL Control IM receiver)		Yes		CRS-IM for DL Control Channels and 4 CRS APs for UEs with 2 receive antennas is not possible		No need				Capability signalling is needed.		RAN4		Optional

						4		Enhanced CRS-IM for non-TM10 PDSCH and 2 CRS APs for UEs with 4 receive antennas		Support of CRS-IM for non-TM10 PDSCH and 2 CRS APs case in the neighboring cell for Ues with 4RX chains		Rel-13 3-1 (Support of CRS-IC in homogeneous networks for non-TM10 TMs)		Yes		CRS-IM for non-TM10 PDSCH and 2 CRS APs for UEs with 4 receive antennas is not possible		No need				Capability signalling is needed.		RAN4		Optional

						5		Enhanced CRS-IM for non-TM10 PDSCH and 4 CRS APs for UEs with 4 receive antennas		Support of CRS-IM for non-TM10 PDSCH and 4 CRS APs case in the neighboring cell for Ues with 4RX chains		Rel-13 3-1 (Support of CRS-IC in homogeneous networks for non-TM10 TMs)		Yes		CRS-IM for non-TM10 PDSCH and 4 CRS APs for UEs with 4 receive antennas is not possible		No need				Capability signalling is needed.		RAN4		Optional

						6		Enhanced CRS-IM for DL Control Channels and 2 CRS APs for UEs with 4 receive antennas		Support of Type A CCIM receivers for 2 CRS APs case in the neighboring cell for UEs with 4RX chains		Rel-13 4-1 (Support of Type A DL Control IM receiver)		Yes		CRS-IM for DL Control Channels and 2 CRS APs for UEs with 4 receive antennas is not possible		No need				Capability signalling is needed.		RAN4		Optional

						7		Enhanced CRS-IM for DL Control Channels and 4 CRS APs for UEs with 4 receive antennas		Support of Type A CCIM receivers for 4 CRS APs case in the neighboring cell for UEs with 4RX chains		Rel-13 4-1 (Support of Type A DL Control IM receiver)		Yes		CRS-IM for DL Control Channels and 4 CRS APs for UEs with 4 receive antennas is not possible		No need				Capability signalling is needed.		RAN4		Optional

						8		Blind detection of neighboring cell CRS assistance information		Support of blind detection of neighbouring cell(s) number of CRS APs				Yes		Blind detection of neighboring cell CRS assistance information is not possible		No need				Capability signalling is needed.		RAN4		Optional
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