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1. Introduction
In [1] FeICIC baseline receiver assumptions were agreed for CRS handling, which states
· Baselines for CRS handling
· Colliding CRS: CRS canceling receiver
· Non-MBSFN & MBSFN ABS should be studied
· Non-colliding CRS: Requirements are defined receiver agnostic
· No separate tests for CRS puncturing and canceling
· Two set of alignment results
· Puncturing 
· Canceling
· Look at the set with worst performance 
· Each company simulates their choice of receiver
· Max. number of canceled/punctured cells
· To be looked at by means of system level sims
· UE complexity to be considered
· # antenna ports: based on operator input, system sims & complexity
· Demodulation filter
· Company state their simulation assumptions
· Available knowledge about neighbor cell(s)
· Knowledge of number of CRS ports
· Cell ID
· MBSFN configuration
· Other information may be available
In [2], link level simulation results were provided for non-MBSFN interferers for both CRS canceling and CRS puncturing receivers under various colliding CRS and non-colliding CRS scenarios. In this contribution, we provide similar link level simulation results for MBSFN interferers. Then, we provide summary of link level simulation results. Together with [2], our link level analysis covers
· Colliding CRS and non-colliding CRS

· Non-MBSFN and MBSFN ABS

· CRS canceling and CRS puncturing receivers
· 1 and 2 interferers
2. Simulation results
In this section we provide link level simulation results for the following scenarios:

· [Scenario C] A single dominant colliding CRS interferer 

· [Scenario N] A single dominant non-colliding CRS interferer 

· [Scenario CC] A first dominant colliding CRS interferer and a second dominant colliding CRS interferer 
· [Scenario NN] A first dominant non-colliding CRS interferer and a second dominant non-colliding CRS interferer. The CRS of the two interferers are non-colliding with each other.
· [Scenario CN] A first dominant colliding CRS interferer and a second dominant non-colliding CRS interferer
· [Scenario NC] A first dominant non-colliding CRS interferer and a second dominant colliding CRS 
For each scenario, we consider the following three different types of receivers for handing CRS interference.

· “CRS canceling receiver” that cancels CRS REs received from one or more dominant interfering cells from the wanted signal of the serving cell
· “CRS puncturing receiver” that punctures REs of the wanted signal of the serving cell that are affected by CRS REs received from one or more dominant interfering cells. Depending on the interferer scenarios, we use various kinds of puncturing techniques

· Under “scenario N” and “scenario NN”, the receiver punctures REs of the wanted signal of the serving cell that are interfered by CRS REs received from one or more dominant interfering cells.  In [2] we also considered an alternative puncturing scheme wherein not only the REs directly interfered by CRS REs of the interfering cell but also the REs SFBC-encoded with the interfered REs are punctured altogether. However, in [2] it was observed that the latter scheme performs worse then the former, and therefore we only consider for former puncturing scheme for scenarios “N” and “NN”.

· Under “scenario C” and “scenario CC”, the receiver punctures CRS REs on symbol 0 and uses only the remaining 3 CRS symbols for the serving cell channel estimation.
· Under “scenario CN” and “scenario NC”, the receiver uses the combination of the above. That is, for channel estimation the receiver punctures CRS REs on symbol 0 and uses only the remaining 3 CRS symbols. Then, for decoding, the receiver punctures REs of the wanted signal of the serving cell that are interfered by CRS REs received from the non-colliding interferer.  
As agreed, knowledge of the Cell IDs, the number of CRS ports, the MBSFN configurations, and hence the CRS RE positions of the dominant interferers, are assumed.

2.1. Reliability of control channels under MBSFN ABS
In [3], recommendation is made, through system level simulations and using the same criterion used for Rel-10, that the ES,I/Noc1 of the dominant macro cell should be set to 6 dB, in case for both colliding-CRS and non-colliding CRS dominant interferers. It is further proposed through system level simulations [3] that the second dominant interferer should also be considered and that its ES,I/Noc1 be set to 4 dB. In this section we provide link level simulation results for control channel decoding under MBSFN ABS with the first dominant interferer with ES,I/Noc1=6dB and the second dominant interferer, if present, with  ES,I/Noc1=4dB.
Figure 1 shows the PDCCH link performance with 2 control symbol span. We assume DCI format 1 (31 bit payload + 16bit CRS) and aggregation level of 4 CCEs. A timing offset of 2.5usec is present between the serving cell and the dominant interferers. Detailed simulation assumptions are provided in the appendix.
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(a) Scenario C, single colliding    





(b) Scenario N, single non-colliding
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                         (c) Scenario CC, 2 colliding                                         (d) Scenario NN, 2 non-colliding
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    (e) Scenario CN, 1 colliding + 1 non-colliding                           (f) Scenario NC, 1 non-colliding + 1 colliding
Figure 1: PDCCH performance with 2 control symbol

We observe that CRS cancelling UE shows a quite tight performance under the 6 different interferer scenarios, with all the performance within 0.5dB of each other and also within 0.5dB from the case where there is no interferer. On the other hand, the performance of CRS puncturing receiver varies a lot for different interferer scenarios, and in all scenarios the CRS puncturing receiver performs worse than CRE cancelling receiver. 
2.2. Reliability of data channel under MBSFN ABS
In [3], recommendation is made, through system level simulations and using the same criterion used for Rel-10, that the ES,I/Noc1 of the dominant macro cell should be set to 14 dB, in case for both colliding-CRS and non-colliding CRS dominant interferers. It is further proposed through system level simulations that the second dominant interferer should also be considered and that its ES,I/Noc1 be set to 12 dB. . In this section we provide link level simulation results for control channel decoding under MBSFN ABS with the first dominant interferer with ES,I/Noc1=14dB and the second dominant interferer, if present, with  ES,I/Noc1=12dB.
As before, timing offset of 2.5usec is present between the serving cell and the dominant interferers. Link adaptation based on CQI/RI feedback with an eNB outer loop targeting 10% BLER for the initial transmission is used. In the simulations PCFICH and PDCCH decoding are assumed to be perfect. Detailed simulation assumptions are provided in the appendix.
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(a) TM2, Scenario C, single colliding






(b) TM2, Scenario CC, 2 colliding
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(c) TM3, Scenario C, single colliding






(d) TM4, Scenario CC, 2 colliding
Figure 2: TM2 PDSCH performance under MBSFN ABS
We observe that both CRS canceling and CRS puncturing receivers perform well, though CRS puncturing receiver is around 0.5dB worse than CRS canceling receiver under colliding CRS interferer(s).
3. Summary and discussion
In Table 1, Table 2, and Table 3, we compare ES /Noc1 values for achieving 1% PDCCH BLER for different receiver types and different interferer scenarios. Table 1, Table 2, and Table 3 correspond to 1, 2, and 3 control symbols, respectively.
Together with the ES /Noc1 values for achieving 1% PDCCH BLER, we also show the relative gain with respect to the Rel-10 receiver, defined as
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Thus, the gain for a rel-10 receiver is trivially 0%, and the gain for a receiver that handles the interference perfectly is 100%. We represent gains larger than 66.7% as blue, gains between 33.3% and 66.7% as purple, and gains smaller than 33.3% as red.
Table 1: ES /Noc1 (dB) for achieving 1% PDCCH BLER with 1 control symbols
	Scenario
	No interferer
	Non-MBSFN interferer(s)
	MBSFN interferer(s)

	
	
	C
	N
	CC
	NN
	CN
	NC
	C
	N
	CC
	NN
	CN
	NC

	CRS canceling receiver
	-2.5
	-2.5
100%
	-1.9
86%
	-2.3
95%
	-1.4
81%
	-1.9
88%
	-2.0
91%
	-2.5
100%
	-1.9
86%
	-2.4
97%
	-1.4
81%
	-1.9
88%
	-2.0
91%

	CRS puncturing receiver
	
	n/a
0%
	1.4
11%
	n/a
0%
	n/a
0%
	4.5
0%
	3.4
0%
	-1.9
78%
	1.4
11%
	-1.8
81%
	n/a
0%
	2.1
6%
	2.1
16%

	Rel-10 receiver
	
	0.2
	1.9
	1.2
	3.4
	2.4
	3.0
	0.2
	1.9
	1.1
	3.4
	2.4
	3.0


Table 2: ES /Noc1 (dB) for achieving 1% PDCCH BLER with 2 control symbols
	Scenario
	No interferer
	Non-MBSFN interferer(s)
	MBSFN interferer(s)

	
	
	C
	N
	CC
	NN
	CN
	NC
	C
	N
	CC
	NN
	CN
	NC

	CRS canceling receiver
	-2.5
	-2.5
100%
	-2.2
86%
	-2.2
92%
	-1.9
80%
	-2.1
90%
	-2.2
92%
	-2.5
100%
	-2.2
86%
	-2.2
92%
	-2.0
83%
	-2.1
89%
	-2.2
92%

	CRS puncturing receiver
	
	n/a
0%
	-1.2
41%
	n/a
0%
	0.0
17%
	1.3
3%
	0.5
21%
	-1.9
76%
	-1.2
38%
	-1.6
76%
	0.0
17%
	-0.6
50%
	-0.8
54%

	Rel-10 receiver
	
	0.1
	-0.3
	1.4
	0.5
	1.4
	1.3
	0.0
	-0.4
	1.3
	0.5
	1.3
	1.2


Table 3: ES /Noc1 (dB) for achieving 1% PDCCH BLER with 3 control symbols
	Scenario
	No interferer
	Non-MBSFN interferer(s)
	MBSFN interferer(s)

	
	
	C
	N
	CC
	NN
	CN
	NC
	C
	N
	CC
	NN
	CN
	NC

	CRS canceling receiver
	-2.5
	-2.4
96%
	-2.3
87%
	-2.3
95%
	-2.2
85%
	-2.3
94%
	-2.3
94%
	-2.4
96%
	-2.3
87%
	-2.3
95%
	-2.2
85%
	-2.3
94%
	-2.3
94%

	CRS puncturing receiver
	
	n/a
0%
	-1.8
53%
	n/a
0%
	-1.1
30%
	0.9
3%
	0.0
22%
	-1.7
70%
	-1.8
53%
	-1.6
76%
	-1.1
30%
	-1.2
63%
	-1.2
59%

	Rel-10 receiver
	
	0.2
	-1.0
	1.3
	-0.5
	1.0
	0.7
	0.2
	-1.0
	1.3
	-0.5
	1.0
	0.7


Table 4: ES /Noc1 (dB) for achieving the same TM2 throughput as 6dB ES /Noc1 with no interferer
	Scenario
	No interferer
	Non-MBSFN interferer(s)
	MBSFN interferer(s)

	
	
	C
	N
	CC
	NN
	CN
	NC
	C
	N
	CC
	NN
	CN
	NC

	CRS canceling receiver
	6.0
	6.3
96%
	6.9
81%
	6.6
94%
	7.8
71%
	7.2
86%
	7.2
86%
	6.0
100%
	6.0
	6.0
100%
	6.0
	6.0
100%
	6.0
100%

	CRS puncturing receiver
	
	n/a
0%
	9.3
30%
	n/a
0%
	10.4
29%
	n/a
0%
	n/a
0%
	6.5
85%
	6.0
	6.5
90%
	6.0
	6.5
85%
	6.5
83%

	Rel-10 receiver
	
	13.5
	10.7
	16.6
	12.2
	14.6
	14.4
	9.4
	6.0
	11.2
	6.0
	9.4
	8.9


Based on the above results and summary, we can observe the following

· CRS cancelling receiver performs better than CRE puncturing receiver.

· CRS cancelling receiver shows robust performance under different interferer scenarios.

· CRS cancelling receiver shows robust control channel decoding performance under different number of control symbol spans.
· For control channel decoding, CRS canceling receiver shows nearly identical performance under non-MBSFN and MBSFN. For PDSCH, CRS canceling receiver under MBSFN interferer shows nearly identical performance to that of no interferer. Thus, for CRS canceling receiver, there is no need to define separate requirement for MBSFN.

· CRS puncturing receiver shows wide performance variation under different interferer scenarios.

· CRS puncturing receiver shows wide control channel decoding performance variation under different number of control symbol spans.
· For control channel decoding, CRS puncturing receiver shows wide performance variation between non-MBSFN and MBSFN.
· In particular, CRS puncturing receiver is either not applicable or provides little or marginal gain over Rel-10 receiver under the following scenarios

· Under non-MBSFN ABS interferer, or
· For control channel decoding under non-colliding CRS MBSFN ABS interferer.

Due to its limited applicability, the CRS puncturing alone cannot achieve the expected Rel-11 requirement, as the Rel-11 requirement should be better than Rel-10 requirement. Therefore, a CRS puncturing receiver will also have to have CRS cancelling capability anyway to meet the entire Rel-11 requirement. Coupled with the scenario-insensitive performance of CRS cancelling receiver, it is natural to only consider CRS cancelling receiver to define Rel-11 performance requirement, in order to reduce the number of test cases and to speed up the RAN4 work. 
Furthermore, since CRS canceling receiver shows similar performance under MBSFN ABS and non-MBSFN ABS, and the performance under MBSFN ABS is no worse than that under non-MBSFN ABS, there is no need to define separate requirement for MBSFN, which further helps reducing the number of test cases and speeding up the RAN4 work.
However, we would like to note that it is up to receiver implementation to mix and match CRS cancelling and CRS puncturing to optimize performance and reduce complexity. In this sense, the CRS puncturing is not disallowed from implementation.
4. Conclusion 
In this contribution, we provide link level simulation results for MBSFN interferers and provide summary of link level performance for

· Colliding CRS and non-colliding CRS

· Non-MBSFN and MBSFN ABS

· CRS canceling and CRS puncturing receivers

· 1 and 2 interferers

Based on the results and discussions, we propose:
Proposal 1: A CRS canceling receiver should be assumed for calibration of performance requirements for both colliding CRS and non-colliding CRS scenarios. CRS puncturing could still be used for implementation as long as it meets the performance requirements.
Proposal 2: To reflect realistic scenarios it is proposed that a baseline receiver can handle CRS interference from at least two dominant interfering cells.
Proposal 3: There is no need to define separate performance requirements for MBSFN ABS.

Proposal 4: It is FFS whether additional tests for MBSFN ABS could be added reusing the requirements based on non-MBSFN ABS.
5. Appendix
5.1. Simulation assumptions

The simulation assumptions for PCFICH, PHICH, and PDCCH are provided in Table 5.
Table 5: Simulation assumptions for PCFICH, PHICH, and PDCCH

	System
	10MHz, 50RBs, 2GHz carrier frequency, PCFICH = 1,3

	Antenna configuration
	2x2

	Cell ID
	0
	6, 12, 1, 2

	Channel
	ETU 5Hz
	EVA 5Hz
6dB I/N for first dominant interferer
4dB I/N for second dominant interferer
+2.5usec timing offset w.r.t serving

	ABS pattern (MBSFN)
	
	[11111111, 11111111, 11111111, 11111111, 11111111]

	PSS/SSS/PBCH
	On
	On

	CRS
	On
	On

	PCFICH
	On (control span = 1,2,3)
	-

	PHICH
	On
	-

	PDCCH
	On, DCI format 1, aggregation level 4 CCEs
	-

	PDSCH
	-
	-

	OCNS
	On
	-

	EVM
	6%
	6%

	Tracking loops
	Enabled

	Implementation
	Fixed point


The simulation assumptions for PDSCH are provided in Table 6.
Table 6: Simulation assumptions for PDSCH
	System
	10MHz, 50RBs, 2GHz carrier frequency, PCFICH = 3

	Antenna configuration
	2x2

	Cell ID
	0
	6, 12, 1, 2

	Channel
	ETU 5Hz
	EVA 5Hz
14dB I/N for first dominant interferer
12dB I/N for second dominant interferer
+2.5usec timing offset w.r.t serving

	ABS pattern (MBSFN)
	
	[11111111, 11111111, 11111111, 11111111, 11111111]

	PSS/SSS/PBCH
	On
	On

	CRS
	On
	On

	PCFICH
	On (control span = 3)
	-

	PHICH
	-
	-

	PDCCH
	-
	-

	PDSCH
	TM2 or TM3, 50 RBs, non-cascaded decoding
	-

	OCNS
	On
	-

	EVM
	6%
	6%

	Tracking loops
	Enabled

	CQI/RI
	PUCCH-1-0, 5msec periodicity, 8msec end-to-end feedback delay

	AMC
	Link adaptation with 10% BLER target for initial transmission, up to 4 transmissions.

	Implementation
	Fixed point
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