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1. Introduction

Two types of RS such as CSI-RS and DM-RS are agreed to be used for measurement and demodulation purposes, respectively. Since separate RSs are employed for different purposes, the overhead of DL-RS can be further optimized in each scenario. Therefore, we may now consider time-frequency sparse CSI-RS with less than 1% overhead for 8Tx support In RAN1 #56bis meeting, followings are agreed as a baseline for the CSI-RS.

· Possibility to configure the periodicity of CSI RS transmissions in terms of an integer number of subframes. 

· Allow transmissions of PDSCH to Rel-10 UEs in MBSFN (LTE-Advanced) subframes

· Possible to configure CSI RS for transmission in LTE-Advanced subframes

· Possible to use LTE-Advanced features without any LTE-Advanced subframes

· Cell specific CSI RS possible to transmit in normal, Rel-8, subframes.

· Studies on CSI RS impact on PDSCH transmissions to Rel-8 UEs for various RS densities needed

· There should be no impact from CSI RS transmission on transmission of PBCH/PSS/SSS 

· Consider implementation complexity and achievable channel estimation accuracy when considering hiding CSI RS as part of the control region
· Strive for same CSI RS and DM-RS patterns regardless of subframe type (DL Rel-8 or DL LTE-A subframes)
In the agreed baseline, two types of CSI-RS transmission are considered as a candidate such as CSI-RS transmission in PDSCH and PDCCH. In addition, some design guidelines are also provided such that universal CSI-RS pattern is recommended irrespective of the subframe types. In this contribution, further details on CSI-RS design will be discussed.

2. CSI-RS Candidates
To support backward compatibility, the CSI-RS should be transparent to a Rel-8 UE and keep a small RS overhead as much as possible. So far, two schemes of CSI-RS transmission have been discussed such as CCE reservation in PDCCH [1] region and data RE reservation in PDSCH region [2]. From the discussions [1]-[3], main concerns for each CSI-RS transmission scheme can be summarized as follows. 

Table 1. Summary of CSI-RS scheme discussion 

	
	CCE reservation in PDCCH
	Data RE reservation in PDSCH

	Pros
	· No impact on legacy UE performance in terms of CSI-RS interference in PDSCH

	· Low UE complexity for channel estimation

· No waste of control channel resource

· Relatively higher channel estimation performance

	Cons
	· Potential scheduling restriction due to PDCCH reservation

· High UE complexity for channel estimation due to time-varying CSI-RS pattern

· Poor channel estimation quality due to not optimized CCE interleaver
	· CSI-RS degrades legacy UE performance if the number of RE used for CSI-RS transmission is relatively large.




From the discussions summarized in the table 1, it seems that only one drawback of data RE reservation in PDSCH is legacy performance degradation due to the interference from CSI-RS. Several contributions [4]-[6] have shown the performance impact of legacy UE performance from the data RE reservation in PDSCH. Since a Rel-8 UE consider the CSI-RS as its data to be demodulated, the performance degradation is even worse than that of just simple data puncturing. The performance degradation gets more serious as the number of CSI-RS in Rel-8 PDSCH becomes larger and/or the total power of CSI-RS goes higher. However, this problem can be solved by several ways.

· eNB can mitigate the performance degradation with rate control. Note that lower coding rate is relatively robust to the CSI-RS interference.

· CSI-RS can be spread out within a duty cycle in order to minimize the number of reserved RE per  RB per subframe for CSI-RS transmission.

· CSI-RS power level can be limited

Given this situation, there is no reason to use CCE in PDCCH region for CSI-RS transmission in order to avoid high UE implementation complexity and potential scheduling restriction. Therefore, it is preferable to narrow down the candidates of CSI-RS transmission to data RE reservation in PDSCH to have a further progress on CSI-RS issue. 
3. Consideration Points for CSI-RS Design 
As we discussed in the section 2, the CSI-RS transmission in PDSCH region seems to be appropriate for LTE-Advanced. Therefore, we focus here on the CSI-RS that is transmitted in PDSCH region. In addition, it should be possible to transmit the CSI-RS without LTE-Advanced only subframe (i.e., MBSFN subframe) so that the impact on Rel-8 UE performance from CSI-RS should be also taken into account.
· Wideband CSI-RS support
The CSI-RS has to be designed for wideband support in order to avoid potential scheduling restriction due to lack of CSI in a specific frequency band. For each antenna port, the uniform RS spacing is preferred since it is well known that uniform RS spacing in frequency domain can provide better channel estimation than that of non-uniform RS spacing if the number of RS is same.
· Duty cycle

On the issue of duty cycle, it was agreed that integer number of subframes is defined as a periodicity for CSI-RS transmission. As a candidate duty cycle, multiples of 5ms seems to be appropriate to have a possibility of avoiding CSI-RS transmission in the subframes containing PBCH/PSS/SSS. 

· Legacy impact

The legacy UE performance impacts from CSI-RS transmission in PDSCH region have been discussed. In [4]-[6], severe performance degradation was shown and the impact gets more serious as the number of REs reserved for CSI-RS per RB per subframe becomes larger and/or channel coding rate gets higher in Rel-8 PDSCH, therefore, it is recommended that the number of CSI-RS per RB per subframe should be minimized to reduce the legacy performance impact.
· Unified CSI-RS structure

Multiple subframe types can be defined in LTE-Advanced system according to the transmission link and/or purpose such as LTE-A only subframe and so on.  As agreed in the baseline assumptions, it is preferable to employ unified CSI-RS structure irrespective of the subframes. 
4. Legacy Impact Investigation
Since the Rel-10 CSI-RS is regarded as data RE for Rel-8 UE, the performance impact would be more serious as compared with simple RE puncturing. To support Rel-8 UE in LTE-A network, the legacy impact from CSI-RS transmission in PDSCH region should be carefully studied in order not to degrade Rel-8 UE performance significantly. 
· Performance impact according to coding rate 
The figure 1 shows the BLER performance according to the modulation order and coding rate. As seen in figure 1, the performance degradation gets serious as the number of CSI-RS RE becomes larger and coding rate goes higher. It seems that the impact is more significant when the coding rate is higher rather than modulation order.
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Figure 1. BLER performance according to MCS level (ETU-3km/h)
Observation: the performance degradation from CSI-RS insertion in PDSCH region can be mitigated with rate control since the lower coding rate is relatively robust to CSI-RS interference. 
· Performance impact with H-ARQ 

In [7], the legacy impact from CSI-RS can be reduced with H-ARQ since retransmission can recover the errorneous PDSCH in second or third retransmission. In addition, rate control also help to mitigate performance degradation as shown in figure 1 so that lowering code rate may reduce first transmission error.
The figure 2 shows the throughput performance of Rel-8 UE with rank-adaptive 2Tx codebook when the CSI-RS is transmitted with 10ms duty cycle. Details of simulation assumption is shown in the table 2 in Annex.
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A. Throughput performance 
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B. Throughput loss from no CSI-RS 
Figure 2. Throughput performance according to the number CSI-RS 

in an RB w/ H-ARQ (ETU-3km/h) 
As seen in the figure 2, throughput performance with CSI-RS is still serious even with H-ARQ and rate control if large number CSI-RS is transmitted (e.g., 16RE) in an RB. If the throughput loss is higher than 10%, it would be better not to schedule the Rel-8 UE in the subframe containing CSI-RS. Therefore, it is recommended to have equal to or less than 8 CSI-RS in an RB. In order to support 8Tx CSI-RS, it would help to reduce further the performance loss that the CSI-RS is spread out to consecutive multiple subframes within a single duty cycle.  
Observation: the number of CSI-RS should be minimized in order not to harm the legacy UE performance seriously. Recommended number of CSI-RS in an RB is equal to or less than 8.
5. Summary
In this contribution, we discussed on CSI-RS issues for higher MIMO support and provided some guidelines to overcome legacy impact from CSI-RS transmission in PDSCH region. The discussions can be summarized as follows:

· CSI-RS transmission scheme
· To narrow down the number of options, it is preferred to move out the CSI-RS transmission in PDCCH region as a candidate due to high UE complexity and potential scheduling restriction. Therefore, we recommend considering the CSI-RS transmission in PDSCH region as the only way to support CSI-RS in LTE-Advanced.
· CSI-RS design

· Uniform frequency spacing per each antenna port is recommended to have better channel estimation performance.
· As a candidate, multiple of 5ms seems reasonable to have a possibility of avoiding CSI-RS transmission in the subframes containing PBCH/PSS/SSS.
· 8 REs per RB per subframe as a maximum seems to be tolerable in terms of legacy performance impact.

· It should be allowed to spread the CSI-RS out to multiple subframe within a duty cycle to minimize legacy impact.
· Unified CSI-RS structure irrespective of the subframe types is preferred as a baseline.
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Annex: Simulation Assumption
Table 2. Link-level simulation assumptions

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	RB Assignment
	4 RBs

	Channel Model
	ETU (3km/h)

	Antenna Configuration
	2x2

	Antenna Correlation
	Uncorrelated

	Transmission Mode
	Closed-loop rank-adaptive spatial multiplexing

	Precoding
	2Tx codebook in Rel-8 

without codebook subset restriction

	CSI-RS duty cycle
	10ms

	PDCCH
	3 OFDM symbol

	Channel Estimation
	Perfect

	CQI update period
	5 TTIs

	MIMO Receiver
	MRC for rank-1

MMSE for rank-2

	Resource allocation
	Localized mode

	Link adaptation
	ON

	Rate control
	Lowering coding rate less than 1/3 

while keeping modulation order 

when CSI-RS is transmitted in the subframe
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