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Discussion
1
Introduction
The CoMP scenario 3 with colliding CRS is selected as testing the UE behavior for frequency offset estimation [1]. The non-colliding CRS in scenario 3, is still in discussion on whether the test should be introduced. The CRS IC plays an important role on the above two tests. In this paper, we present our views of CRS IC in terms of performance improvement.
2
Test configuration and simulation results
In CoMP scenario 3, the throughput performance degradation due to the CRS based CFOE with colliding CRS, and due to the CRS to PDSCH collision, is analyzed in the following. The simulation scenario for evaluation is listed in table 1.
Test configuration for colliding CRS
The test configuration is designed to consider the cell edge performance improvement. Then, the UE will receive stronger CRS power from TP1 than that from TP2. The PDSCH is transmitted from TP2, with TP1 muted. During the simulation, the TP1 CRS power is configured as Es1/Noc = 16 or 18dB, and TP2 CRS power as Es2/Noc = 10dB. 
In this case, the cell IDs from both TPs are known. The residual frequency offset compensation for demodulation purpose is evaluated under low SINR condition of CRS from TP2. Cancelling CRS from TP1 is operated before performing estimation, and the corresponding estimated results are applied to phase rotation after FFT.
Fig.1 and Fig.2 show the performance results as TP1 CRS > TP2 CRS for 6dB and 8dB, respectively, in 16QAM ½ rank one transmission. It is seen that the performance degradation is not obvious without CRS IC, as shown in Fig. 1.b and Fig. 2.b. The degradation of the red line from the green line is around 0.1dB and 0.15dB, respectively. Under the pre-defined 200Hz CFO between TPs, the 16QAM ½ rank one scheme doesn’t justify the necessity of having CRS IC for colliding CRS scenario.
Fig. 3 and Fig. 4 show the performance results of 64QAM ¾ rank one transmission, still under the condition of TP1 CRS > TP2 CRS for 6dB and 8dB, respectively. With CRS IC, the improvement is around 1dB and 1.5dB, as shown in Fig. 3.b and Fig. 4.b. 
The throughput improvement due to more accurate CFOE can also be seen in 16QAM ½ with rank two transmission, as shown in Fig. 5 and Fig. 6. The improvement with CRS IC is also around 1dB and 1.5dB.
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Fig. 1.a, throughput for colliding CRS, 16 QAM ½, rank one,   Fig. 1.b, zoom in of Fig. 1.a, and TP1 CRS 6dB > TP2 CRS                                                            
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Fig. 2.a, throughput for colliding CRS, 16QAM ½, rank one,   Fig. 2.b, zoom in of Fig. 2.a, and TP1 CRS 8dB > TP2 CRS
[image: image5.png]throughput (Mbps)

TP1 CRS power 648 > TP2 CRS power

——— without CRS IC
-~ with CRS IC
——— o offset no compensation

g
10

14 16 18 20
TP2 PDSCH SNR (4B relative to Noc)

2



   [image: image6.png]throughput (Mbps)

2

TP1 CRS power 648 > TP2 CRS power

——— without CRS IC
———— with CRS IC
| ——no ofiset no compensation

155 16 165 17 175
TP2 PDSCH SNR (4B relative to Noc)

18




Fig. 3.a, throughput for colliding CRS, 64QAM ¾, rank one,   Fig. 3.b, zoom in of Fig. 3.b, and TP1 CRS 6dB > TP2 CRS
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Fig. 4.a, throughput for colliding CRS, 64QAM ¾, rank one,   Fig. 4.b, zoom in of Fig. 4.b, and TP1 CRS 8dB > TP2 CRS
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Fig. 5, throughput for colliding CRS, 16QAM ½, rank two, and TP1 CRS 6dB > TP2 CRS
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Fig. 6, throughput for colliding CRS, 16QAM ½, rank two, and TP1 CRS 8dB > TP2 CRS

Test configuration for CRS colliding PDSCH
For CRS colliding PDSCH test, it follows the colliding CRS test setting that, the TP1 CRS power is configured as Es1/Noc = 16 or 18dB, and TP2 CRS power as Es2/Noc = 10dB. The PDSCH power from TP2 is adjusted to plot the throughput curves. Fig. 7 and Fig. 8 show the performance of 16QAM ½ with rank one transmission. It is evident to see the degradation without CRS IC. The more complicated channel estimation algorithm can be applied to close the gap between the blue line (ideal cancellation) and the green line. It is left as the UE implementation issue. 
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Fig. 7, throughput for non-colliding CRS, 16QAM ½, rank one; TP1 CRS 6dB > TP2 CRS
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Fig. 8, throughput for non-colliding CRS, 16QAM ½, rank one; TP1 CRS 8dB > TP2 CRS
	parameters
	Single CSI process UE

	deployment scenarios

	CoMP scenario 3 with colliding CRS
	CoMP scenario 3 with non-colliding CRS

	carrier frequency
	2 GHz

	system bandwidth and duplex mode
	FDD 10MHz


	cyclic prefix
	normal

	transmission mode
	TM10

	cell ID

	TP1: 10
TP2: 4
	TP1: 11
TP2: 4

	TP for PDSCH transmission
	TP2


	CFI

	2


	channel model

	TP1: EVA
TP2: EVA

	doppler frequency

	TP1: 5Hz
TP2: 5Hz

	antenna configuration

	TP1: 2X2 low correlation

TP2: 2X2 low correlation

	PDSCH RE number

	sfr 0: 5280,
sfr 5: none,
sfr 1, 6: 5700,
sfr 2, 3, 4, 7, 8, 9: 6000

	TB size

	16QAM, sfr 0: 9936,   sfr 1, 2, 3, 4, 6, 7, 8, 9: 11472
64QAM, sfr 0: 23712,  sfr 1, 2, 3, 4, 6, 7, 8, 9: 27400

	timing error between TPs configuration

	2us


	frequency error between TPs
	200Hz


	CRS power

	TP1: Es1/Noc = 16 or 18 dB
TP2: Es2/Noc = 10 dB

	rank
	1 or 2

	DM-RS/PDSCH precoding
	random

	NZP CSI-RS ports
	2

	NZP CSI-RS 
	TP2 resource config: 4
TP2 subframe config: 1

	CRS ports
	2

	MBSFN subframe
	not configured

	number of HARQ process
	8

	max number of HARQ re-transmit
	4

	simulation length
	5000 subframes


Table 1
3
Conclusion
Our conclusions through the study are as follows.

Observation 1: For colliding CRS in CoMP scenario 3, there is no significant performance improvement on 16QAM ½ rank one transmission as CRS IC is applied.

Observation 2: For colliding CRS in CoMP scenario 3, as CRS IC is applied, the 16QAM ½ rank two and 64QAM ¾ rank one cases can lead to significant performance improvement.
Observation 3: For the 16QAM ½ rank one case, the performance improvement can be expected with CRS IC for non-colliding CRS in CoMP scenario 3.
Proposal 1: select 16QAM ½ rank two transmission for colliding CRS, and 16QAM ½ rank one transmission for non-colliding CRS.
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