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1. Introduction

In RAN1 #59 meeting, a proper number of RE for CSI-RS transmission was discussed. Since it is agreed that CSI-RS is punctured in PDSCH region irrespective of the subframe types, a legacy UE performance is not guaranteed although CSI-RS is transmitted with a duty cycle. So far, a lot of contributions have shown that the legacy UE performance is severely degraded due to CSI-RS puncturing and the performance loss gets more serious as the number of CSI-RS becomes larger [1]-[5].

On the other hand, the LTE-A UE measurement accuracy becomes worse as the number of CSI-RS gets smaller. Hence, the trade-off between legacy impact and measurement accuracy should be carefully investigated to provide CSI-RS design guideline in terms of CSI-RS overhead. Therefore, it is agreed to investigate on the number of RE for CSI-RS with common evaluation assumptions.
In this contribution, we investigate the appropriate number of RE for CSI-RS with link level evaluation from Rel-8 UE and Rel-10 UE perspective.
2. LTE-A UE Performance (Stage-1)
In this section, we evaluate the LTE-A performance according to the number of CSI-RS. Since the CSI-RS is punctured in PDSCH region even for LTE-A UE, the performance of LTE-A UE can be also degraded although the impact is smaller than legacy UE. Therefore, we first investigate the measurement accuracy of CSI-RS by avoiding scheduling in the subframe containing CSI-RS and also see the BLER performance by scheduling in the CSI-RS subframe. The table 1 in Annex shows details of simulation assumptions for the link-level evaluation.
· Measurement accuracy (scheduling restriction in the CSI-RS subframe)

The figure 1 and figure 2 show the link throughput performance of rank-1 precoding (Rel-8 codebook without codebook subset restriction) according to the CSI-RS alternatives in which Alt-1, Alt-2, and Alt-3 denote 1, 1.5, and 2 RE in an RB per antenna port, respectively. Note that scheduling restriction is used for the subframe containing CSI-RS in order to see the measurement accurcy without the performance loss from CSI-RS puncturing for LTE-A UE. As shown in the figures 1 to 3, the link throghput performance difference seems to be marginal between alternatives since the feedback granularity is already coarse and the averaging channel within a subframe may not require strong measurement accuracy.
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Figure 1. Link throughput performance under 2Tx and 2Rx antenna configuration. (TU 3km/h)
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Figure 2. Link throughput performance under 4Tx and 2Rx antenna configuration. (TU 3km/h)

The figure 3 shows link throughput performance of 8Tx rank-1 SVD precoding. Since 8Tx codebook is not designed yet, unquantized SVD-based eigen beamforming is employed. As shown in the figure 3, the tendency is the same as the other antenna configuration case.
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Figure 3. Link throughput performance under 8Tx and 2Rx antenna configuration. (TU 3km/h)

Observation: the performance different between alternatives in terms of measurement accuracy from CSI-RS seems to be marginal due to coarse feedback granularity. Therefore, the performance impact of CSI-RS puncturing for LTE-A UE and legacy UE should be the metric to narrow down the number of alternatives.
· LTE-A UE performance loss due to CSI-RS

As mentioned above, the LTE-A UE performance is also affected by CSI-RS puncturing if it is scheduled in the subframe containing CSI-RS. Therefore, we also evaluate the BLER performance of  rank-1 precoding according to the modulation order with channel coding rate 1/2. 
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Figure 4. BLER performance of 4Tx rank-1 precoding 

according to modulation order with 5ms duty cycle  (Coding rate: 1/2, TU 3km/h).
As seen in the figure 4, the performance of LTE-A is degraded seriously as the modulation order goes higher although the CSI-RS is not demodulated since LTE-A has the knowledge of CSI-RS position. In low SNR region, Alt-3 performs best since the measurement accuracy is better and the QPSK modulation is relatively robust to the CSI-RS puncturing. However, the performance degradation in high modulation order is getting serious.
The figure 5 shows the BLER performance with the same evaluation assumptions with the figure 4 except that 10ms duty cycle is used. Although the performance degradation is reduced in high SNR region due to longer duty cycle, the impact seems still serious in 64QAM case. 
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Figure 5. BLER performance of 4Tx rank-1 precoding 

according to modulation order with 10ms duty cycle  (Coding rate: 1/2, TU 3km/h).

The figure 6 shows the BLER performance of rank-1 precoding with 5ms duty cycle. Since 8Tx CSI-RS is used, the number of RE puncturing for CSI-RS transmission gets larger compared 4Tx case. As seen in the figure, the performance gets much worse than that of 4Tx due to the doubled number of RE puncturing.
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Figure 6. BLER performance of 4Tx rank-1 precoding 

according to modulation order with 10ms duty cycle  (Coding rate: 1/2, TU 3km/h).

Observation: the performance degradation due to CSI-RS puncturing is observed although LTE-A UE doesn’t use the CSI-RS RE for demodulation. In addition, the performance impact becomes more serious as the number RE for CSI-RS gets larger and/or the modulation order goes higher.
3. Legacy Impact (Stage-2)
The legacy UE regards the CSI-RS RE as data RE so that the impact from CSI-RS puncturing might be much worse than that for LTE-A UE. In addition, it has been shown that the performance of transmit diversity mode is more sensitive from the CSI-RS puncturing since the puncturing impact would be doubled as the SFBC demodulation is based on two RE-pair. 

The figure 7 shows the link throughput performance with 4Tx TxD with 5ms duty cycle assuming 8Tx CSI-RS transmission. As seen in the figure, the legacy performance impact is quite sensitive to the number of RE for CSI-RS transmission. In this evaluation, outer-loop power control is used to reach the target frame error rate.
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Figure 7. Link throughput performance of 4Tx TxD with 8Tx CSI-RS (TU 3km/h).

Figures 8 and 9 shows the link throughput performance of 4Tx rank-1 precoding assuming 8Tx CSI-RS is transmitted.  As seen in the figures, if the duty cycle becomes longer the performance loss could be mitigated. However, still significant performance difference is shown even in longer duty cycle between alternatives.
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Figure 8. Link throughput performance of 4Tx rank-1 precoding with 8Tx CSI-RS (TU 3km/h).

Observation: the legacy performance degradation seems quite serious as the number of RE for CSI-RS gets larger. Therefore, it seems that minimizing CSI-RS overhead is desirable as far as the LTE-A measurement accuracy is not significantly different from legacy UE point of view.
4. Conclusion
In this contribution, we investigated on the number RE for CSI-RS with link level evaluation from legacy performance impact and LTE-A performance perspectives. From the observations, we may conclude as follows:

· The channel measurement accuracy for LTE-A UE is not significantly different between alternatives although the CSI-RS overhead is different due to coarse feedback granularity.
· The LTE-A UE performance is also affected by CSI-RS puncturing and the performance degradation becomes more serious as the number of RE for CSI-RS gets larger.

· Legacy UE performance is even more seriously degraded by CSI-RS puncturing since the legacy UE regards CSI-RS RE as data RE, thus resulting significant interference from CSI-RS RE.

Therefore, we recommend Alt-1 as the CSI-RS pattern guideline to provide reasonable LTE-A measurement performance while minimizing legacy UE performance impact.
References

[1] R1-091187, “Consideration on DL-RS Design in LTE-Advanced”, LG Electronics

[2] R1-091230, “Impact of CQI-RS insertion on LTE Rel-8 PDSCH performance”, Samsung

[3] R1-091495, “Performance evaluation for high order DL MIMO in LTE-A system”, Fujitsu
[4] R1-093235, “CSI-RS Design for LTE-Advanced”, LG Electronics

[5] R1-093375, “Discussions on CSI-RS for LTE-Advanced”, Samsung

Annex
Table 1. Assumptions for link-level evaluation

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	RB Assignment
	4 RBs

	Feedback granularity
	4RBs for PMI and CQI

	Channel Model
	Typical Urban

	Antenna Configuration (Tx x Rx)
	4x2 and 8x2

	Duty Cycle for CSI-RS transmission
	5ms and 10ms

	Mobility
	3km/h

	Precoding
	Rel-8 precoding and SVD-based beamforming for Rel-10

TxD and Rel-8 precoding for Rel-8

	Channel Estimation
	Linear interpolation

	Power Boosting of CSI-RS
	Non

	CSI-RS patterns
	Baseline patterns agreed in e-mail reflector

	Outer-loop power control
	On

	H-ARQ
	On

	MCS for link throughput
	Rel-8 MCS

	MCS for BLER
	QPSK, 16QAM, 64QAM (coding rate:1/2)

	DM-RS channel estimation
	Perfect
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