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1
Introduction
From the discussion during RAN4 #59 meeting and subsequent email discussion, it was agreed that rank-2 UE demodulation performance under ABS interference in eICIC will be evaluated, and the simulation assumption is in [1]. This contribution is to provide simulation results based on the assumption in [1], which can be used as a reference to decide whether a rank-2 eICIC demodulation test is necessary.
2
Simulation assumption and discussion
The detail simulation assumptions of rank-2 demodulation performance of eICIC is in [1]. For convenience, the simulation assumption table is copied here as Table 1.
Table 1: Link-level simulation assumptions for the evaluation of rank-2 demodulation performance for eICIC
	Parameter
	Serving cell
	Interfering cell

	Carrier frequency
	2 GHz

	System bandwidth 
	10 MHz

	Cyclic prefix
	Normal

	Network synchronization
	Reference
	2.5 µs time offset wrt. serving cell

	eNB antenna configuration
	2 Tx
	2 Tx

	UE antenna configuration
	2 Rx

	Channel model, Doppler frequency, spatial correlation
	ETU, 5 Hz, low spatial correlation

Use different channel seeds for the two different cells

	CRS configuration
	2 CRS
	2 CRS 

Non-colliding with serving cell or colliding with serving cell (see Note 2)

	SNR for serving/interfering cell
	Serving cell CRS SNR: 

Variable range
	Interfering cell CRS SNR: 

{no interference, 5, 10, 15} [dB]

	ABS configuration
	-
	Pattern: [11111111] (see Note 1)

Non-MBSFN ABS or MBSFN-ABS (see Note 2)

	Interference
	AWGN
	Explicitly modelled CRS transmission in ABS subframes

	Tx EVM
	6%

	Type of receiver
	Rel-8/9 baseline receiver
	No a-priori knowledge of interfering cell

	Channel and interference estimation at UE 
	Practical and realizable channel and noise estimates with no a-priori knowledge of the channel state information
	-

	PCFICH 
	CFI=3

	Transmit modes to be evaluated
	TM2

TM3
	-

	UE feedback configuration
	Feedback channel: PUCCH 1-0 

CQI feedback periodicity: 2 ms

RI feedback periodicity: 2 ms

Feedback delay: 8 ms
	-

	HARQ
	8 HARQ processes and max 4 transmissions
	-

	Outer-loop link adaptation target BLER
	10% target BLER for the 1st transmission
	-

	PCFICH/PDCCH detection
	Not considered
	-

	Resource allocation
	Full band (50 PRB)
	-

	Simulation length
	10000 sub-frames at minimum

	Performance metric
	PDSCH throughput vs. SNR
	-


In link level simulation, the carrier frequency is usually used to determine the channel Doppler frequency for a given mobile speed. However, in Table 1, the channel Doppler frequency is already set to 5Hz, so the carrier frequency of 2GHz in Table 1 is not used by the demodulation performance evaluation. In Table 1, the HARQ process number is 8, it implies the evaluation is for FDD.
There is no test case defined before with multiple link adaptation feedbacks such as rank adaptation, CQI adaptation and HARQ enabled at the same time. When multiple feedbacks are enabled together, eNB can respond to these feedbacks in different ways.
For example, in rank 2 transmission, two codewords have independent HARQ and can have different time for initial transmission. If RI is changed from 2 to 1 at certain point of time (and most likely with CQI adjustment (different MCS)). There are several possibilities:
1. When a codeword finishes a HARQ cycle first, switch to rank 1 and ignore the other codeword. The other codeword can be treated as an error.

2. Switch to rank 1 immediately. If codesword-1’s HARQ process is not complete, it will be re-transmitted with rank 1. If codeword-2’s HARQ process is not complete, it is put on hold until the next rank 2 transmission opportunity to resume HARQ.

3. When a codeword finishes a HARQ cycle first, hold on new transmission on the codeword and wait for the other codeword to complete HARQ before switching to rank 1. In this case, there is a gray period where rank 2 transmission is configured but there is only one codeword transmitted, causing headache in simulation.
4. ……

The performance difference of different eNB behaviour may be small. In the following simulation, we adopt the following eNB behaviour in handling multiple feedbacks.
Simulation Assumption: With rank adaptation, CQI adaptation and HARQ enabled, the link adaptation priority is: rank adaptation -> HARQ retransmission -> CQI adaptation (MCS adjustment) as described in option 2 above.
3
Simulation results
Our simulation assumption is the same as Table 1. We are simulating the case with non-MBSFN ABS and non-colliding CRS. UE estimates interference (plus noise) based on serving cell CRS.
Table 2 is the throughput gain of rank adaptation (RA), i.e., dynamic switch between rank-1 SFBC and rank-2 OL SM, over rank-1 (fixed SFBC). It is seen that the gain is about 5% ~ 20% depending on serving cell’s SNR
Table 2 Throughput gain of rank adaptation over fixed rank-1
	
	Throughput gain of rank adaptation over fixed rank-1

	
	SNR=4dB
	SNR=8dB
	SNR=12dB
	SNR=16dB
	SNR=20dB

	No interference
	6.0%
	9.2%
	11.7%
	21.9%
	22.9%

	I/N = 5dB
	-6.4%
	-1.5%
	2.4%
	3.1%
	42.2%

	I/N = 10dB
	9.4%
	-2.6%
	-1.5%
	11.0%
	41.6%

	I/N = 15dB
	12.4%
	4.5%
	9.3%
	17.5%
	17.2%


Figure 1 – Figure 4 are the throughput vs. SNR comparison curves. From the figures it is seen that for no interference and strong interference (I/N=15dB), rank adaptation almost always better than fixed rank-1 case for SNR region 0dN~20dB. For I/N=5dB and I/N=10dB case, rank adaptation better than fixed rank-1 with high SNR region. For all cases, rank adaptation has advantage at high SNR region.
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Figure 1 TP vs. SNR, no interference                Figure 2 TP vs. SNR, I/N=5dB
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Figure 3 TP vs. SNR, I/N=10dB                   Figure 4 TP vs. SNR, I/N=15dB
Table 3 provide further information about the final BLER with CQI adaptation. Because the channel measurement has no knowledge about the ABS interference, the CQI report tends to be aggressive. Therefore final BLER is larger than the target 10%. For no interference case, both rank-1 and rank adaptation  have a final BLER around 0.1
Table 3 Final BLER with CQI adaptation
	
	SNR=4dB
	SNR=8dB
	SNR=12dB
	SNR=16dB
	SNR=20dB

	
	rank-1
	RA
	rank-1
	RA
	rank-1
	RA
	rank-1
	RA
	rank-1
	RA

	No interference
	0.090
	0.119
	0.172
	0.069
	0.080
	0.096
	0.114
	0.136
	0.088
	0.002

	I/N = 5dB
	0.277
	0.399
	0.393
	0.387
	0.237
	0.307
	0.288
	0.420
	0.226
	0.028

	I/N = 10dB
	0.496
	0.517
	0.509
	0.510
	0.413
	0.500
	0.447
	0.522
	0.443
	0.306

	I/N = 15dB
	0.675
	0.688
	0.634
	0.624
	0.608
	0.607
	0.612
	0.645
	0.616
	0.610


4
Conclusions

This contribution provides simulation results of UE demodulation performance for eICIC based on the assumptions in [1]. It is noted that rank adaptation provides more substantial throughput gain when 1) there is no interference, or 2) I/N=15 dB, or 3) SNR>16 dB. The simulation results can help determine whether rank-2 transmission is useful in typical eICIC scenarios and whether eICIC rank 2 demodulation tests are needed.
5
References

[1] R4- 113319, Simulation assumptions for the evaluation of rank-2 demodulation performance for eICIC, Renesas Mobile Europe Ltd, Ericsson, ST-Ericsson.
