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1. Introduction

In RAN1 #61 meeting, the followings were agreed as a progress on the CSI-RS design for Rel-10.
· CSI-RS port multiplexing is based on CDM for each pair of CSI-RS port

· Avoidance of port 5 or he same cell should be addressed

· A nested structure among 2, 4, 8 CSI-RS ports simplifies the implementation

· The pattern with smaller number of CSI-RS port is a subset of the pattern with larger number of CSI-RS port

· Study a single and multiple patterns in terms of achievable reuse factor and signalling overhead.

· A time-invariant time/frequency shift is used in a cell

It seems that noticeable progress were made regarding CSI-RS design in the previous meeting considering that some design guidelines such as CDM-based CSI-RS port multiplexing, nested structure, and time-invariant CSI-RS pattern were agreed. However, there are still a lot of CSI-RS related issues need to be decided to finalize CSI-RS design in Rel-10. Therefore, in this contribution, we discuss on further details on CSI-RS design from intra-cell perspective to finalize CSI-RS design issue.

2. CSI-RS pattern

A. CSI-RS port multiplexing
In the previous meeting, the CDM-based CSI-RS port multiplexing was agreed due to the problem of 9dB power difference between CSI-RS port and data RE in each antenna port perspective. From the agreements, three alternatives can be considered such as CDM-T [1]-[2], CDM-F [3] and CSM [4] to keep the power difference less than 9dB. To keep the UE implementation simple, a single CSI-RS port multiplexing scheme seems to be reasonable for both normal and extended CP cases so that one multiplexing scheme among alternatives should be selected and used for the CSI-RS pattern design for both CP length.

Considering that the CSM-based CSI-RS port multiplexing requires a specific UE receiver implementation such as DFT based time-domain filtering in order to decouple time-delayed CSI-RS ports so that a UE should additionally implement this type of receiver if different type of channel estimator is used for Rel-8 CRS estimation. In addition, the time-delayed CSI-RS port multiplexing (i.e., CSM) also requires enough time delay separation to keep the orthogonality between CSI-RS ports and the fully orthogonal time separation is dependent on channel delay spread and frequency spacing of CSI-RS. Since the large delay spread is considered in extended CP to cover large cell size, the CP length is defined as 16.67μs in Rel-8 phase. Considering that one subframe length is 66.67μs, the number of fully orthogonal time-delayed resources in large delay spread channel can be 66.67μs /16.67μs ≈ 4 when all REs are used for CSI-RS transmission in an OFDM symbol. Note that 8 REs can be used as a maximum in an RB for CSI-RS transmission for 8Tx transmission, thus the orthogonal time-delayed resources are smaller than 4 due to the alias. Keeping this in mind, the CDM-based CSI-RS port multiplexing with OCC=2 seems to be proper choice for better support of both normal CP and extended CP with a single multiplexing scheme.
Proposal: CDM-based CSI-RS port multiplexing with OCC=2 for both normal CP and extended CP cases.

B. Number of CSI-RS pattern reuse
It was agreed that CSI-RS pattern reuse is defined by time/frequency shift from a CSI-RS base pattern so that inter-cell interference can be further randomized. The number of available CSI-RS pattern reuse can be different according to the number of antenna port, CP length, CSI-RS base pattern, and so on. In Rel-8, cell-specific v-shift with 3 reuse factor is employed. Comparing with Rel-8 CRS, the CSI-RS may have better pattern reuse since a subframe offset can be used on top of the time/frequency shift within an RB. Although the necessary number of CSI-RS pattern reuse should be discussed in advance, it is preferable not to increase the number of CSI-RS base pattern if a significant performance gain is not provided. This may minimize the UE implementation complexity and keep the system design simple. Therefore, we prefer a single base pattern as far as no significant gain is shown from multi-base pattern.

Proposal: a single CSI-RS base pattern should be baseline and not to increase the number of CSI-RS base pattern as far as no significant gain is shown.

C. CSI-RS pattern configuration
It is agreed that a time-invariant time/frequency shift is used in a cell so that a UE doesn’t need to monitor CSI-RS pattern change in a cell once a CSI-RS pattern is defined which implies that a CSI-RS pattern in a cell is defined with a cell specific time-invariant parameter. One of candidates of a cell specific time-invariant parameter can be cell-ID as used in Rel-8 CRS configuration. However, as discussed in [1], it is preferable to use other cell-specific parameters rather than cell-ID for multi-cell operation support (e.g., CoMP) in future releases since the CSI-RS patterns within a CoMP set should be well coordinated.
Proposal: a cell-specific parameter other than cell-ID needs to be used for CSI-RS pattern configuration

D. Antenna port-5 avoidance

It is discussed that the position of CSI-RS should not collide with antenna port-5 to minimize the legacy performance impact since it is expected that channel estimation accuracy will be degrade.  This implies that the CSI-RS pattern design freedom is significantly restricted, thus resulting in suboptimal CSI-RS pattern in Rel-10. So far, it has been studied that the CSI-RS puncturing causes serious legacy performance degradation if Rel-8/9 UEs are scheduled in the subframe containing CSI-RS regardless of the transmission scheme since the CSI-RS is considered as data RE so that the interference from CSI-RS is very hard to overcome without the knowledge of the existence of CSI-RS. Note that some low coding rate MCS merely work in high SNR region if CSI-RS is transmitted in the same subframe.  Given this situation, it is quite obvious that it is much more efficient not to schedule Rel-8/9 UEs in the subframe containing CSI-RS. 
In addition, there are 8 transmission modes in Rel-8/9 and there is no priority for the transmission mode. Although all the transmission modes are equally important, it seems that the performance of the transmit diversity scheme (i.e., SFBC or SFBC+FSTD) should be guaranteed at least from our perspective if we need to prioritize the transmission scheme since it is used to provide robust connection between eNB and UE so that it is employed for SPS transmission, fall back mode and so on. Keeping this in mind, at least in FDD mode, the CSI-RS pattern should be optimized for transmit diversity scheme rather than antenna port-5 transmission if the Rel-10 CSI-RS design needs to consider Rel-8/9 transmission scheme.

E. CSI-RS pattern proposals

The following figures 1 and 2 show the proposed CSI-RS patterns based on CDM-T multiplexing in normal CP and extended CP, respectively. The figure 1 shows that the proposed pattern may provide reuse-3 frequency shift in a PRB-pair in 8Tx case. 
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Figure 1. Examples of CDM-T based CSI-RS pattern in normal CP case
        In figure 2, it is shown that the CSI-RS base pattern for normal CP can be re-used for extended CP and the higher CSI-RS pattern reuse is possible if only one CDM group is employed due to excessive DM-RS overhead. If two CDM groups (32REs) are used in extended CP, two CSI-RS pattern reuse is only possible in 8Tx case.
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Figure 2. Examples of CDM-T based CSI-RS pattern in extended CP case
Since the nested structure of CSI-RS pattern is agreed, the CSI-RS pattern for the less number of antenna ports such as 4Tx and 2Tx are the subset of the 8Tx CSI-RS pattern shown in the figures 1 and 2. In addition, it is obvious that the larger CSI-RS pattern reuse is possible when the number of antenna port gets smaller.
3. Link performance evaluation

      In this section, we investigate the link level performance of CSI-RS patterns from legacy UE impact and LTE-A performance point of view. 
A. Legacy impact

      The legacy performance impact is evaluated with the assumption listed in the table 1. As seen in the table, two legacy transmission modes (i.e., Rel-8 transmission modes) such as transmit diversity mode and antenna port 5 are evaluated to see which CSI-RS pattern results in more serious impact on legacy UE in the subframe containing CSI-RS. In the evaluation, we only count errors in the subframe containing CSI-RS.
Table 1. Link-level simulation assumptions for BLER performance

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	CP length
	Normal CP

	RB Assignment
	4 RBs

	Channel Model
	TU

	Antenna Configuration
	8x2

	Mobility
	3km/h

	Precoding
	SFBC+FSTD (virtualized) or port-5 (SVD beamforming)

	MCS for BLER performance

(MCS8)
	QPSK (1/2)

	DM-RS Channel Estimation
	2D-MMSE


      The figure 3 shows the legacy performance when a Rel-8 UE receives PDSCH with transmit diversity scheme. Note that the transmit diversity is widely used in both FDD and TDD as essential multi-antenna scheme. Therefore, this scheme should be highly prioritized for the legacy impact minimization. As seen in the figure 3, the CDM-T gives less impact to legacy UE performance compared to CDM-F. This is mainly because the CDM-F punctures consecutive PDSCH resources of a UE so that more severe performance degradation is shown [5].
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Figure 3. Rel-8 UE performance with SFBC+FSTD in the subframe containing CSI-RS

       The figure 4 shows the legacy performance when a Rel-8 UE is configured with transmission mode 7 (i.e., antenna port-5) in Rel-10 network. As seen in the figure 4, the legacy UE with port-5 shows similar performance between CDM-T and CDM-F and marginal performance degradation with CDM-T although channel estimation performance is degraded due to the collision between port-5 and CSI-RS port so that one RE for port-5 is replaced with CSI-RS port. This seems to be mainly because of the trade-off between channel estimation accuracy and RE puncturing only in an OFDM symbol.
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Figure 4. Rel-8 UE performance with port-5 in the subframe containing CSI-RS

Observation: the CDM-T based CSI-RS port multiplexing scheme provides less legacy impact when a Rel-8 UE uses transmit diversity scheme. On the other hand, the similar performance is observed when a Rel-8 UE is configured with transmission mode 7 (i.e., port-5) due to the trade-off between channel estimation accuracy and consecutive PDSCH RE puncturing. 
B. Rel-10 UE performance

       The LTE-A performance according to the CSI-RS pattern is evaluated with the assumption shown in the table 2. The link throughput performance is evaluated in the extended CP with large-delay spread channel to see the performance difference in the worst case.
Table 2. Link-level simulation assumptions for throughput performance

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	CP length
	Extended CP

	RB Assignment
	4 RBs

	Channel Model
	Modified VB (last two taps are removed) 

	Antenna Configuration
	4x2

	(Tx, Rx) correlation
	(50%, 50%)

	Mobility
	3km/h

	Precoding
	Rank-1 SVD beamforming

	MCS for link adaptation
	Rel-8 MCS

	DM-RS channel Estimation
	Perfect

	CSI-RS channel estimation
	Linear interpolation

	H-ARQ
	On

	Outer-loop PC
	On

	CSI-RS pattern
	CDM-T (figure 2), CDM-F [3]

	CSI-RS duty cycle
	5ms


       The figure 5 shows the performance of LTE-A UE in extended CP case under large delay spreading channel. From the figure 5, unnoticeable performance is shown between CDM-T and CDM-F since the channel estimation accuracy is relatively low already low in large delay spread channel. 
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Figure 3. Rel-10 UE performance according to the CSI-RS pattern

Observation: the LTE-A UE performance seems to be quite similar regardless of the CSI-RS port multiplexing scheme even in large delay spread channel.

4. Conclusions

In this contribution, we discussed the CSI-RS pattern design from intra-cell perspective and evaluate the candidate patterns. From the discussions and the evaluation results, we may conclude as follows:

· CDM-T based CSI-RS port multiplexing with OCC=2 seems to be proper choice for both normal CP and extended CP

· A single CSI-RS base pattern should be baseline and it is preferred not to increase the number of CSI-RS base pattern as far as no significant gain is shown.
· The proposed patterns shown in the figures 1 and 2 provide less legacy impact while the same performance can be obtained for the transmission mode 7 (i.e., port-5) and LTE-A UE as compared with CDM-F based pattern.
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