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1. Introduction

In RAN #73 meeting the WI on the LTE Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements was approved [1]. The work item has two main 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 accordance to the WID the following objectives are agreed in application to the CRS-IM enhancements work:

	· 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.


At the initial stage (i.e. Stage 1) of the WI the main purpose of RAN4 work would be to investigate the performance/feasibility of candidate CRS-IM enhancements. In particular, the following three key work directions are included in the WI scope:

1) Identification of target scenarios:

· Deployment scenarios (number of CRS APs, CRS patterns)

· Target physical channels

· Interference models (power profiles, transmission parameters, etc)

2) Identification of reference CRS-IM receiver structure assumptions:

· Target CRS-IM algorithms

· Number of cancelled cell(s)
· Complexity reduction techniques, etc

3) Evaluation of CRS-IM performance

In this contribution we provide our views on the enhanced CRS-IM (E-CRS-IM) reference receiver structures. In the companion papers we provide views on the E-CRS-IM scenarios, simulation assumptions and results [2-3].
2. Reference Receivers
In accordance to the WID RAN4 is expected to identify the reference CRS-IM receiver structure assumptions [1]:

	· Identify reference CRS-IM receiver structure assumptions including at least number of cancelled cell(s), and IM algorithm.

· The tradeoff between complexity and performance should be analyzed in order to define reference receivers.

· Reference PDSCH receiver structure: LMMSE-IRC with CRS-IM.


2.1 Baseline receiver structures
In order to investigate the E-CRS-IM performance, the candidate receiver enhancements should be compared against certain baseline receiver. In our view, the Rel-13 CRS-IM and CCIM assumptions on the baseline receiver can be reused:

· LMMSE-IRC receiver for data channels (i.e. no differentiation between REs w/ and w/o CRS interference).

· LMMSE-MRC receiver for control channels (i.e. no differentiation between REs w/ and w/o CRS interference).

Proposal #1:
Use LMMSE-IRC and LMMSE-MRC baseline receivers for data and control channels, respectively.
2.2 Enhanced receiver structures
In accordance to the WID “Reference PDSCH receiver structure: LMMSE-IRC with CRS-IM”. As mentioned in the companion paper [2], the interference environment depends on the CRS APs configuration in the neighbouring cells as well as CRS pattern. Depending on the interference types, different types of “LMMSE-IRC + CRS-IM” receivers can be considered (see Table 3). In green we denote the reference receivers which are already introduced (test cases defined in RAN4) and in yellow we mark the receiver structures which are not yet defined (or incompletely defined). It may be obviously observed that for the target scenarios a large number of possible receiver enhancements can be considered. Given the WI scope it is suggested to focus on the Non-colliding CRS-IM enhancements and consider other enhancements (Colliding CRS-IM and LMMSE-IRC as the second priority).
Table 1. PDSCH reference receiver structures
	# of CRS APs
(S/I1 cells)
	CRS pattern 
(Cell ID S/I1)
	Interference Types
	Reference Receiver Structures

	2/2 CRS
	Non-colliding CRS (0/1)
	CRS APs 0-1 to Data
	Non-colliding CRS-IM for APs 0-1 (defined for 2RX)

	
	
	Data to Data
	LMMSE-IRC for CRS TMs w/ NC-CRS based on APs 0-1
LMMSE-IRC for DMRS TMs

	
	Colliding CRS (0/6)
	CRS APs 0-1 to CRS APs 0-1
	Colliding CRS-IM for APs 0-1

	
	
	Data to Data
	LMMSE-IRC for CRS TMs w/ C-CRS
LMMSE-IRC for DMRS TMs (defined)

	4/4 CRS
	Non-colliding CRS (0/1)
	CRS APs 0-3 to Data
	Non-colliding CRS-IM for APs 0-3

	
	
	Data to Data
	LMMSE-IRC for CRS TMs w/ NC-CRS based on APs 0-3
LMMSE-IRC for DMRS TMs

	
	Colliding CRS (0/6)
	CRS APs 0-3 to CRS APs 0-3
	Colliding CRS-IM for APs 0-3

	
	
	Data to Data
	LMMSE-IRC for CRS TMs w/ C-CRS
LMMSE-IRC for DMRS TMs (defined)

	2/4 CRS
	Non-colliding CRS (0/1)
	CRS APs 0-3 to Data
	Non-colliding CRS-IM for APs 0-3

	
	
	Data to Data
	LMMSE-IRC for CRS TMs w/NC-CRS based on APs 0-1
LMMSE-IRC for DMRS TMs

	
	Colliding CRS (0/6)
	CRS APs 0-1 to CRS APs 0-1
	Colliding CRS-IM for APs 0-1

	
	
	Data to Data
	LMMSE-IRC for CRS TMs w/ C-CRS
LMMSE-IRC for DMRS TMs (defined)

	
	
	CRS APs 2-3 to Data
	Non-colliding CRS-IM for APs 2-3

	4/2 CRS
	Non-colliding CRS (0/1)
	CRS APs 0-1 to Data
	Non-colliding CRS-IM for APs 0-1 (defined for 2RX)

	
	
	Data to Data
	LMMSE-IRC for CRS TMs w/ NC-CRS based on APs 0-3

LMMSE-IRC for DMRS TMs

	
	Colliding CRS (0/6)
	CRS APs 0-1 to CRS APs 0-1
	Colliding CRS-IM for APs 0-1

	
	
	Data to Data
	LMMSE-IRC for CRS TMs w/ NC-CRS based on APs 2-3
LMMSE-IRC for DMRS TMs (defined)


Proposal #2:
Consider Reference receivers in Table 1 for further studies of data channels. Prioritize Non-Colliding CRS IM receiver enhancements.
The reference receiver structure for control channels is not defined in the WID. In the Rel-13 CCIM WI Type A (LMMSE-IRC + CRS-IC) and Type B (E-LMMSE-IRC + CRS-IC) receivers were introduced. Taking into account increased complexity for the 4 CRS APs handling and improved performance for the case of using 4 RX chains, we suggest to prioritize work for the Type A CCIM receiver structures.
Proposal #3:
Consider Type A CCIM receiver (LMMSE-IRC + CRS-IC) for control channel investigations.
2.3 Non-Colliding CRS-IM
The non-colliding CRS-IM is the main direction of the Rel-14 CRS-IM enhancements and includes the following 3 key features which should be considered with high priority:

· Non-colliding CRS-IM for 4RX UEs

· Non-colliding CRS-IM for 4 CRS APs

· Non-colliding CRS-IM for scenarios with mix of 2/4 CRS APs

2.3.1 Non-colliding CRS-IM for 4RX UEs

Non-colliding CRS-IM requires more implementation complexity for 4RX UEs comparing to the UEs equipped with 2RX chains. In order to balance the complexity with achievable performance gains it is suggested to perform analysis for the case of using different CRS-IM algorithms. For instance, algorithms with CRS interference cancellation and whitening approaches can be used as the starting point. The Rel-13 requirements do not differentiate between these two behaviours and they are left up to UE implementation. For the case of 4RX antennas the difference may become more obvious and may need to be studied. So, as a part of investigations it is suggested that companies provide views on the achievable performance gains and complexity considerations of different CRS-IM algorithms.

Proposal #4:
Further investigate performance/complexity of Non-colliding CRS-IM for 4RX UEs.
2.3.2 Non-colliding CRS-IM for 4 CRS APs

For the non-colliding CRS-IM in the scenarios with 4 CRS APs several factors should be taken into account:

· The CRS-IM complexity may substantially increase comparing to the case of 2 CRS APs and different algorithm for complexity reduction may need to be studied.

· In case of 4 CRS APs scenario with non-colliding CRS patterns the number of data REs with CRS interference is increased comparing to the 2 CRS APs case scenario, however, a larger portion of interference comes from the CRS APs 0-1 comparing to the CRS APs 2-3: 

	
	2 CRS APs case
	4 CRS APs case

	Data REs
	12 PDSCH REs per PRB pair are affected
	16-20 PDSCH REs per PRB pair are affected 

· 12 REs => CRS APs 0, 1 interference

· 4-8 REs => CRS APs 2, 3 interference

	Control REs
	4 PDCCH REs per PRB pair are affected
	4-8 PDCCH REs per PRB pair are affected 

· 4 REs => CRS APs 0, 1 interference

· 0-4 REs => CRS APs 2, 3 interference
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Figure 1. Non-colliding CRS scenario with 4 CRS APs in the serving and interference cells

In order to reduce the CRS-IM complexity it may be possible to use different IM algorithms for handling CRS APs 0-1 and CRS APs 2-3 interference. For instance, the two ports interference may have high complexity/efficiency and two ports have small complexity with potentially reduced performance (e.g. based on puncturing). So, the following approaches are suggested for further investigations of Non-colliding CRS-IM for 4 CRS APs:
· Full complexity four ports CRS-IM processing 
· Two ports CRS-IM
· Reduced complexity CRS-IM processing (Full complexity two ports + low complexity two ports)
Proposal #5:
Further investigate performance/complexity of Non-colliding CRS-IM for 4 CRS APs scenarios. Investigate complexity reduction techniques based on different RX processing of interference from different CRS APs.
2.3.3 Non-colliding CRS-IM for scenarios with mix of 2/4 CRS APs

The scenarios with mix of 2/4 CRS APs may be typical for the Heterogeneous deployments and have not been investigated so far by RAN4. The scenarios may have certain specifics comparing to the conventional CRS-IM since CRS REs may cause interference to the data REs even for the case of same CRS shift patterns in the serving and interference cells. The detailed illustration of the scenarios with mix of 2/4 CRS APs is provided in Figure 2.
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Figure 2. Interference environment for the case of different number of CRS APs in the serving and interference cells
In particular, the following CRS-IM operation principles are considered:

· “2/4 CRS + Non-colliding CRS” => Non-colliding CRS-IM for interferer CRS APs 0-3
· “2/4 CRS + Colliding CRS” => Non-colliding CRS-IM for interferer CRS APs 2-3
· “4/2 CRS + Non-colliding CRS” => Non-colliding CRS-IM for interferer CRS APs 0-1
· “4/2 CRS + Colliding CRS” => Non-colliding CRS-IM is not applicable

Proposal #6:
Further investigate Non-colliding CRS-IM for the scenarios with different number of APs in serving and interference cells.
2.4 LMMSE-IRC and CRS-IM for Colliding CRS scenarios
In general, CRS-IM can be used to improve the channel estimation accuracy for the Colliding CRS scenarios. However, as shown by the prior studies using CRS-IM alone may not have substantial impact on the overall PDSCH demodulation performance. Meantime the LMMSE-IRC receiver performance of the Colliding CRS scenarios is currently undefined and may need further investigation. In addition, for the colliding CRS scenarios with 4/2 CRS APs in the serving and interference cells, the LMMSE-IRC receiver interference covariance matrix estimate can be optimized. The serving cell CRS APs 0-1 experience interference from the interference cell CRS APs 0-1, meantime the CRS APs 2-3 have interference from the neighbouring cell data REs. Therefore, the interference covariance matrix for data signal processing can be estimated using CRS APs 2-3 to avoid interference estimate mismatch.
Proposal #7:
Further study LMMSE-IRC and CRS-IM for Colliding CRS scenarios operation with second priority.

2.5 Number of handled interference cells

The Rel-14 CRS-IM enhancements are expected to increase UE implementation complexity. In order to keep it at reasonable level, the minimum performance requirements are suggested to be introduced under assumption of single cell interference handling.
Proposal #8:
Enhanced CRS-IM requirements are introduced under single dominant interference cell handling assumptions.
2.6 CRS Assistance

In general, UEs may be capable of blind CRS assistance information detection including the number of CRS APs, Cell ID and MBSFN subframe pattern. Therefore, CRS Assistance signalling may be not completely justified under all conditions. Some further studies on the feasibility of blind detection of CRS assistance information can be done as a part of Rel-14 work.

Proposal #9:
Further study whether CRS Assistance information is required for Rel-14 CRS-IM receivers.
3. Conclusions

In this contribution, we’ve provides views on the reference receiver structures for the enhanced CRS-IM performance requirements. In summary, we make the following proposals:
Proposal #1:
Use LMMSE-IRC and LMMSE-MRC baseline receivers for data and control channels, respectively.
Proposal #2:
Consider Reference receivers in Table 1 for further studies of data channels. Prioritize Non-Colliding CRS IM receiver enhancements.

Proposal #3:
Consider Type A CCIM receiver (LMMSE-IRC + CRS-IC) for control channel investigations.
Proposal #4:
Further investigate performance/complexity of Non-colliding CRS-IM for 4RX UEs.
Proposal #5:
Further investigate performance/complexity of Non-colliding CRS-IM for 4 CRS APs scenarios. Investigate complexity reduction techniques based on different RX processing of interference from different CRS APs.
Proposal #6:
Further investigate Non-colliding CRS-IM for the scenarios with different number of APs in serving and interference cells.
Proposal #7:
Further study LMMSE-IRC and CRS-IM for Colliding CRS scenarios operation with second priority.

Proposal #8:
Enhanced CRS-IM requirements are introduced under single dominant interference cell handling assumptions.
Proposal #9:
Further study whether CRS Assistance information is required for Rel-14 CRS-IM receivers.
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