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1. Introduction

In the previous RAN4 meetings multiple agreements on the Enhanced CRS-IM were reached. One of the open questions is related to the CRS-IM network assistance information signalling overhead reduction and associated UE capabilities. In RAN4 #82 enhanced CRS-IM network assistance framework and associated capability signalling were discussed and a WF [1] was agreed. In RAN4 #82bis a WF on the CRS-IM capability and assistance signalling was prepared [2] but no conclusions could be reached. In this paper, we provide further discussion on the CRS-IM UE capability signalling and network assistance.
2. UE Capability signalling

In the previous releases UE capability signalling for the existing CRS-IM related features (e.g. Rel-13 CRS-IM and CCIM) was introduced mainly for the purpose to trigger the network to provide UE CRS assistance signalling for the neighbouring cells. Furthermore, it is important to note that the network does not have information on the exact set of neighbouring cells and carriers for which UE applies CRS-IM. 
Observation #1: Existing UE capability signalling for CRS-IM related features is introduced mainly for the purpose to trigger the network to provide UE CRS assistance signalling. Currently network does not have information on the exact set of neighbouring cells and carriers for which UE applies CRS-IM

In accordance to the last meeting agreements at least 4 separate UE features will be defined in the scope of the Rel-14 work item [3]:

	· #1: Non-colliding CRS-IM receiver for 2RX and 4 CRS APs for PDSCH

· #2: Non-colliding CRS-IM receiver for 4RX and 2 CRS APs for PDSCH

· #3: Non-colliding CRS-IM receiver for 4RX and 4 CRS APs for PDSCH

· #4: Type A CCIM receiver for 2RX and 4 CRS APs for DL Control Channels

· FFS depending on the test case introduction
· #5: Type A CCIM receiver for 4RX and 2 CRS APs for DL Control Channels

· #6: Type A CCIM receiver for 4RX and 4 CRS APs for DL Control Channels


The related features characterize different CRS-IM use cases with respect to the physical channels, number of CRS APs and number of UE receiver antennas. The particular feature differentiation is justified from the UE implementation perspective since the features may have different UE implementation complexity. Meantime, the related functionality can be transparent to the network and network does not have information on the exact set of neighbouring cells and carriers for which UE applies CRS-IM. Hence, we think that there is no need to differentiate CRS-IM UE capability signalling in terms of the target physical channels, # of CRS APs and # of RX chains under assumption that UE supports at least one of the related features. Hence, a unified combined UE capability signalling for these features is recommended. The main purpose of such capability signalling would be to trigger the network to provide UE CRS assistance signalling for the neighbouring cells. 

Observation #2: Network does not need information to differentiate between CRS-IM features 1-6

Additionally, CRS Assistance blind detection capabilities were discussed in the previous meetings. As shown in [4], neighbouring cell PBCH decoding can be used for the purpose of CRS APs blind detection with sufficient reliability. Therefore, the network may take benefit of additional UE capabilities and the network assistance overhead can be substantially reduced as discussed in Section 2.2 and [4].
Observation #3: Number of neighbouring cell CRS APs can be detected using neighbouring cell PBCH decoding with sufficient reliability.

Taking into account the factors above, we suggest to introduce 2 capability signalling bits in the Rel-14 CRS-IM scope:

· #1 Generic CRS-IM capability: UE informs eNB that it supports generalized CRS-IM receiver for PDSCH (non-TM10 or TM10) or for DL Control Channels on at least one carrier. The UE capability signalling does not force UE to apply CRS-IM but rather indicate potential UE capabilities. The capability signalling purpose is to request eNB to provide UE CRS Assistance signalling. Upon reception of such capability indication NW is expected to provide UE with CRS Assistance signalling for the neighbouring cells and component carriers.
· #2 Neighbouring cells CRS port blind detection capability: UE can indicate if it supports blind detection of the number of CRS APs for the dominant neighbouring cell interferer.
Proposal #1:
Introduce the following UE capability signalling:
· #1 Generic CRS-IM capability
· UE can indicate per-UE CRS-IM capability if it supports at least one of features which requires CRS Assistance (e.g. Rel-14 CRS-IM #1, #2, #3, #4, Rel-13 CRS-IM (non-TM10 and TM10), Rel-13 DL Control Channel IM) on at least one CC in at least one CA configuration

· #2 Neighboring cells CRS port blind detection capability
· UE can indicate per-UE if it support neighboring cells CRS port blind detection 

3. Network assistance

During previous studies RAN4 confirmed that the existing CRS assistance signalling approach may result in no-trivial overhead especially for the case of dense multi-carrier deployments. In particular, the following agreements on the CRS-IM network assistance framework were reached in RAN4 #82 [1]:

	For Rel-13 CRS-IM eNB is expected to provide UE CRS Assistance information using RRC signalling (CRS-AssistanceInfo-r13  IE)

· CRS assistance RRC signalling may result in non-marginal overhead in case of dense multi-carrier deployments.
· The CRS Assistance parameters can be similar for multiple different cells in one network
· MBSFN subframe configurations may not be commonly used in all networks


Two possible solutions were identified in RAN4 #82 to address the issue [1]:

	· Investigate possible solutions to reduce the CRS assistance signalling overhead for CRS-IM
· Candidate solutions
· Solution #1: 
· Introduce optional UE capability of CRS assistance information blind detection of PCID and Number of CRS APs. 
· No MBSFN subframe configuration blind detection is used
· Companies are encouraged to provide analysis on reliability of blind detection of Number of CRS APs
· eNBs provide CRS Assistance to the blind detection capable UEs only when 
· Option A: neighboring cell use MBSFN subframes 
· Option B: neighboring cells MBSFN configuration is different from the serving cell
· Solution #2:
· eNBs provide reduced size CRS assistance information for the cells using same configuration as the serving cell
· Other solutions are not precluded
· If no further solution is to be agreed the eNBs provide the same CRS-assistant info as legacy Rel-13 CRS-IM.


During the last meeting discussion companies had a common understanding that Solutions #1 and #2 do not contradict each other can complement each other. Therefore, a joint solution was proposed in [2].
Observation #4: CRS assistance signalling overhead reduction solutions #1 and #2 complement each other and address different deployment scenarios.

In Table 1 we describe the particular joint approach in more details with a marginal changes and clarifications to the last meeting proposal in [2].
Table 1. Enhanced Network assistance framework

	UE capability

Network Scenario
	CRS-IM without Neighboring cells CRS port blind detection capability
	CRS-IM with Neighboring cells CRS port blind detection capability

	Uniform NW deployment (i.e. same CRS APs and MBSFN configurations across neighboring cells)
	CRS Assistance includes:

· Option 1: 1 bit flag to indicate that number of CRS ports and MBSFN SF configuration in NCs is same as SC

· Option 2: 1 bit flag to indicate that number of CRS ports in NCs is same as SC. 1 bit flag to indicate that MBSFN SF configuration in NCs is same as SC.
	CRS Assistance includes:

· 1 bit flag to indicate that MBSFN SF configuration in neighbor cells is same as serving cell
UE detects number of CRS APs of NC

	Non-uniform NW deployment with different CRS APs configurations across neighboring cells
	Provide Rel-13 CRS assistance signaling for the neighboring cells and CCs which have different configurations from the Serving cell 

UE can assume that remaining neighboring cells have same configuration as serving cell
	

	Non-uniform NW deployment with different MBSFN configurations across neighboring cells
	
	Provide Rel-13 CRS assistance signaling for the neighbouring cells and CCs which have different MBSFN configurations from the Serving cell 

UE can assume that remaining neighbouring cells have same MBSFN configuration as serving cell

UE detects number of CRS APs of NC


Proposal #2:
Introduce the following NW assistance framework.

· If UE supports “Generic CRS-IM” capability and does not support “Neighboring cells CRS port blind detection” capability
· Uniform network deployment with same CRS APs and MBSFN configurations across NCs
· Provide Rel-14 CRS assistance signaling with 
· Option 1: 1 bit flag to indicate that number of CRS ports and MBSFN SF configuration in NCs is same as SC
· Option 2: 1 bit flag to indicate that number of CRS ports in NCs is same as SC. 1 bit flag to indicate that MBSFN SF configuration in NCs is same as SC.
· Non-uniform network deployment with different CRS APs or MBSFN configurations in NCs
· Provide Rel-13 CRS assistance signaling for the NCs which have different configurations from the SC
· UE can assume that remaining NCs have same configuration as serving cell
· CRS assistance signaling is provided per-CC
· If UE supports “Generic CRS-IM” and “Neighboring cells CRS port blind detection” capabilities
· Uniform network deployment with same MBSFN configurations across NCs
· Provide Rel-14 CRS assistance signaling with 1 bit flag to indicate that MBSFN SF configuration in NCs is same as SC
· Non-uniform network deployment with different MBSFN configurations in NCs
· Provide Rel-13 CRS assistance signaling for the NCs which have different configurations from the SC
· UE can assume that remaining NCs have same configuration as SC
· CRS assistance signaling is provided per-CC

4. Conclusions

In this contribution, we’ve provided views on the Enhanced CRS-IM UE capabilities and network assistance. In summary, we make the following proposals:

Proposal #1:
Introduce the following UE capability signalling.

· #1 Generic CRS-IM capability
· UE can indicate per-UE CRS-IM capability if it supports at least one of features which requires CRS Assistance (e.g. Rel-14 CRS-IM #1, #2, #3, #4, Rel-13 CRS-IM (non-TM10 and TM10), Rel-13 DL Control Channel IM) on at least one CC in at least one CA configuration

· #2 Neighboring cells CRS port blind detection capability
· UE can indicate per-UE if it support neighboring cells CRS port blind detection 

Proposal #2:
Introduce the following NW assistance framework.

· If UE supports “Generic CRS-IM” capability and does not support “Neighboring cells CRS port blind detection” capability
· Uniform network deployment with same CRS APs and MBSFN configurations across NCs
· Provide Rel-14 CRS assistance signaling with 
· Option 1: 1 bit flag to indicate that number of CRS ports and MBSFN SF configuration in NCs is same as SC
· Option 2: 1 bit flag to indicate that number of CRS ports in NCs is same as SC. 1 bit flag to indicate that MBSFN SF configuration in NCs is same as SC.
· Non-uniform network deployment with different CRS APs or MBSFN configurations in NCs
· Provide Rel-13 CRS assistance signaling for the NCs which have different configurations from the SC
· UE can assume that remaining NCs have same configuration as serving cell
· CRS assistance signaling is provided per-CC
· If UE supports “Generic CRS-IM” and “Neighboring cells CRS port blind detection” capabilities
· Uniform network deployment with same MBSFN configurations across NCs
· Provide Rel-14 CRS assistance signaling with 1 bit flag to indicate that MBSFN SF configuration in NCs is same as SC
· Non-uniform network deployment with different MBSFN configurations in NCs
· Provide Rel-13 CRS assistance signaling for the NCs which have different configurations from the SC
· UE can assume that remaining NCs have same configuration as SC
· CRS assistance signaling is provided per-CC
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