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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 objectives on the CRS-IM enhancements:
	· 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.

· Stage 1: Investigate performance benefits and feasibility of using CRS-IM receivers.

· Stage 2: Specify UE demodulation and CSI reporting performance requirements to verify practical CRS-IM operation for the identified scenarios based on the outcome of Stage 1.


In the previous RAN4 meeting the details of the CRS-IM PDSCH and PDCCH/PCFICH test cases were finalized [2] and the test parameters are captured in the endorsed draft CRs [3-5]. In this contribution we provide proposals on the associated test requirements applicability rules.

2. PDSCH requirements applicability
The full set of Rel-13 CRS-IM (non-TM10) and Rel-14 Enhanced CRS-IM PDSCH CRS-IM requirements is summarized in Table 1. 
Table 1. CRS-IM PDSCH requirements

	36.101 section
	Duplexing
	TM
	CRS pattern
	Number of UE RX chains
	Number of CRS APs

	
	
	
	
	
	Serv. cell
	Interf. cells

	Rel-13 requirements

	8.2.1.4.1E
	FDD
	TM4
	Non Colliding
	2
	2
	2

	8.3.1.1G
	
	TM9
	Non Colliding
	2
	2
	2

	8.3.1.3.4
	
	TM10
	Non Colliding
	2
	2
	2

	8.3.1.3.5
	
	TM10
	Non Colliding
	2
	2
	2

	8.2.2.4.1E
	TDD
	TM4
	Non Colliding
	2
	2
	2

	8.3.2.1G
	
	TM9
	Non Colliding
	2
	2
	2

	8.3.2.3.4
	
	TM10
	Non Colliding
	2
	2
	2

	8.3.2.3.5
	
	TM10
	Non Colliding
	2
	2
	2

	Rel-14 requirements

	8.2.1.4.1F
	FDD
	TM4
	Non Colliding
	2
	4
	4

	8.10.1.1.10
	
	TM4
	Non Colliding
	4
	2
	2

	8.10.1.1.12
	
	TM9
	Non Colliding
	4
	2
	2

	8.10.1.1.11
	
	TM4
	Non Colliding
	4
	4
	4

	8.2.2.4.1F
	TDD
	TM4
	Non Colliding
	2
	4
	4

	8.10.1.2.10
	
	TM4
	Non Colliding
	4
	2
	2

	8.10.1.2.12
	
	TM9
	Non Colliding
	4
	2
	2

	8.10.1.2.11
	
	TM4
	Non Colliding
	4
	4
	4


In Table 2 we summarize the Rel-13 and Rel-14 PDSCH CRS-IM UE capabilities (new proposals for Rel-14 comparing to the previous meetings agreements are marked in red).
Table 2. Rel-13 and Rel-14 PDSCH CRS-IM UE capabilities

	WI
	#
	Feature group
	Prerequisite feature groups 

	Rel-13  CRS Interference Mitigation for LTE Homogenous Deployments
	3-1
	Support of CRS-IC in homogeneous networks for non-TM10 TMs
	CRS interference handling (Rel. 11 5-1 group)

	
	3-2
	Support of CRS-IC in homogeneous networks for TM10
	CRS interference handling (Rel. 11 5-1 group)

	Rel-14  Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements for LTE
	4-2
	CRS-IM for PDSCH and 4 CRS APs for UEs with 2 RX antennas
	Rel-13 3-1

	
	4-3
	CRS-IM for PDSCH and 2 CRS APs for UEs with 4 RX antennas
	Rel-13 3-1

	
	4-4
	CRS-IM for PDSCH and 4 CRS APs for UEs with 4 RX antennas
	Rel-13 3-1
Rel-14 4-2
Rel-14 4-3

	
	4-7
	FFS: Blind detection of neighboring cell CRS assistance information
	


It may be observed that there is a rather large number of new capabilities and test cases is introduced in Rel-14 on top of the existing Rel-13 test cases. Hence, applicability rules need to be specified in order to avoid unnecessary UE testing. The proposed applicability rules are provided in Table 3. Note that we assume that UE should not pass the requirements for the pre-requisite UE capabilities unless otherwise stated. For example, if UE supports Rel-14 feature 4-2 it should not pass the associated requirements for the pre-requisite Rel-13 feature 3-1.
Table 3. Rel-14 CRS-IM PDSCH requirements applicability

	UE Capability
	Prerequisite capabilities
	2RX Test Cases
	4RX test cases
	Notes

	Rel-14 4-2 (2RX + 4 CRS)
	Rel-13 3-1 (2RX + 2 CRS)
	8.2.1.4.1F (FDD, TM4, 2RX, 4 CRS)

8.3.1.1G (FDD, TM9, 2RX, 2CRS)

8.2.2.4.1F (TDD, TM4, 2RX, 4 CRS)

8.3.2.1G (TDD, TM9, 2RX, 2CRS)
	NA
	UE may skip the tests defined for Rel-13 3-1

	Rel-14 4-3 (4RX + 2 CRS)
	Rel-13 3-1 (2RX + 2 CRS)
	NA
	8.10.1.1.10 (FDD, TM4, 4RX, 2 CRS)
8.10.1.1.12 (FDD, TM9, 4RX, 2 CRS)

8.10.1.2.10 (TDD, TM4, 4RX, 2 CRS)
8.10.1.2.12 (TDD, TM9, 4RX, 2 CRS)
	UE may skip the tests defined for Rel-13 3-1 

	Rel-14 4-4 (4RX + 4 CRS) 
	Rel-13 3-1 (2RX + 2 CRS)

Rel-14 4-2 (2RX + 4 CRS)

Rel-14 4-3 (4RX + 2 CRS)
	NA
	8.10.1.1.11 (FDD, TM4, 4RX, 4 CRS)

8.10.1.1.12 (FDD TM9, 4RX, 2 CRS)

8.10.1.2.11 (FDD, TM4, 4RX, 4 CRS)

8.10.1.2.12 (FDD TM9, 4RX, 2 CRS)
	UE may skip the tests defined for Rel-13 3-1, Rel-14 4-2 and 4-3 if UE supports these features  


Proposal #1:
Adopt the CRS-IM test cases applicability rules in Table 3.
3. DL Control Channels requirements applicability

The Rel-13 CCIM Type A requirements are summarized in Table 4. The Rel-14 Enhanced CRS-IM DL Control Channel requirements are summarized in Table 5. 

Table 4. Rel-13 DL Control Channel IM requirements applicability for Type A
	Duplexing
	Control Channel
	Test # (TS 36.101)
	Scenario
	Reference receiver

	FDD
	PDCCH/PCFICH
	8.4.1.2.5 Test 1
	Asynchronous NW
	LMMSE-IRC

	
	
	8.4.1.2.6 Test 1
	Synchronous NW, Non-colliding CRS
	LMMSE-IRC + CRS-IC

	
	PHICH
	8.5.1.2.5 Test 1
	Asynchronous NW
	LMMSE-IRC

	
	
	8.5.1.2.6 Test 1
	Synchronous NW, Non-colliding CRS
	LMMSE-IRC + CRS-IC

	
	EPDCCH
	8.8.4.1 Test 1
	Synchronous NW, Non-colliding CRS, CRS only interference 
	LMMSE-IRC + CRS-IC

	
	
	8.8.6.1 Test 1
	Asynchronous NW
	LMMSE-IRC

	TDD
	PDCCH/PCFICH
	8.4.2.2.5 Test 1
	Synchronous NW, Colliding CRS
	LMMSE-IRC (+CRS-IC)

	
	
	8.4.2.2.6 Test 1
	Synchronous NW, Non-colliding CRS
	LMMSE-IRC + CRS-IC

	
	PHICH
	8.5.2.2.5 Test 1
	Synchronous NW, Colliding CRS
	LMMSE-IRC (+CRS-IC)

	
	
	8.5.2.2.6 Test 1
	Synchronous NW, Non-colliding CRS
	LMMSE-IRC + CRS-IC

	
	EPDCCH
	8.8.4.2 Test 1
	Synchronous NW, Non-colliding CRS, CRS only interference 
	LMMSE-IRC + CRS-IC

	
	
	8.8.5.1 Test 1
	Synchronous NW, Colliding CRS, Full PDSCH loading 
	LMMSE-IRC


Table 5. Rel-14 CRS-IM DL Control Channel requirements

	TS 36.101
	Physical channel
	Duplexing
	CRS pattern
	Number of UE RX chains
	Number of CRS APs

	
	
	
	
	
	Serv. cell
	Interf. cell

	8.4.1.2.9
	PDCCH
	FDD
	Non Colliding
	2
	4
	4

	8.10.2.1.4
	PDCCH
	FDD
	Non Colliding
	4
	4
	4

	8.4.2.2.9
	PDCCH
	TDD
	Non Colliding
	2
	4
	4

	8.10.2.2.4
	PDCCH
	TDD
	Non Colliding
	4
	4
	4


In Table 6 we summarize the Rel-13 and Rel-14 DL Control Channel IM receivers UE capabilities.
Table 6. Rel-13 and Rel-14 PDSCH CRS-IM UE capabilities

	WI
	#
	Feature group
	Prerequisite feature groups 

	Rel-13 Interference mitigation for downlink control channels of LTE
	4-1
	Support of Type A (LMMSE-IRC + CRS-IC) DL Control IM receiver
	

	
	4-2
	Support of Type B (E-LMMSE-IRC + CRS-IC) DL Control IM receiver
	Rel-13 4-1 (Type A, 2RX + 2 CRS)

	Rel-14  Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements for LTE
	4-5
	Type A DL Control IM receiver for 4 CRS APs for UEs with 2 RX antennas
	Rel-13 4-1 (Type A, 2RX + 2 CRS)

	
	4-6
	Type A DL Control IM receiver for UEs with 4 RX antennas
	Rel-13 4-1 (Type A, 2RX + 2 CRS)


The proposed DL control channels requirements applicability rules are provided in Table 7.
Table 7. DL Control Channels requirements applicability rules
	UE Capability
	Prerequisite capabilities
	2RX Test Cases
	4RX test cases

	Rel-13 4-1 (2RX + 2 CRS)
	
	All requirements for Rel-13 4-1 in Table 4
	NA

	Rel-14 4-5 (2RX + 4 CRS)
	Rel-13 4-1
(2RX + 2 CRS)
	8.4.1.2.9, 8.4.2.2.9
All requirements for Rel-13 4-1 in Table 4 except 8.4.1.2.6 and 8.4.2.2.6
	NA

	Rel-14 4-6 (4RX)
	
	NA
	8.10.2.1.4, 8.10.2.2.4


Proposal #2:
Adopt the DL Control Channel IM test cases applicability rules in Table 7.
4. Conclusions

In this contribution we provide proposals on the CRS-IM performance requirements applicability rules. In summary, we make the following proposals:
Proposal #1:
Adopt the CRS-IM test cases applicability rules in Table 3.
Proposal #2:
Adopt the DL Control Channel IM test cases applicability rules in Table 7.
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