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1. Introduction
There are several remaining issues regarding intra-cell CSI-RS  design, and email discussion regarding the intra-cell CSI-RS is on-going between the RAN1#60bis and RAN1#61 meetings. This contribution presents our views on the topics below related to the email discussion.

· Available resource elements for CSI-RS location

· Attainable reuse factor achieved by CSI-RS
· Intra-cell CSI-RS mapping

· Signaling support for CSI-RS related parameters
2. Intra-cell CSI-RS Design

2.1. Available resource elements for CSI-RS location

Figure 1 shows the available resource elements (REs) for the CSI-RS for normal and extended CPs (Cyclic Prefix), which can be explained as follows,
· PDSCH REs in the OFDM symbols that contain Rel-8 DRS REs should be allowed for CSI-RS location.

· PDSCH REs in the OFDM symbols that contain Rel-9/10 DRS REs should be allowed for CSI-RS location assuming there is no explicit boosting of the CSI-RS.

· PDSCH REs in the 4-th OFDM symbol for a normal CP should be allowed for CSI-RS location.

· PDSCH REs in the OFDM symbol that contains CRS (Cell-specific Reference Signal) 2 and 3 may be considered given the 2 CRSs and 2, 4, and 8 Tx CSI-RS deployments.

· Utilization of PDSCH REs in the third OFDM symbol in an extended CP may be considered.
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Figure 1 – Available resource elements for CSI-RS location
Multiple orthogonal (non-overlapping) sets of CSI-RSs should be defined for the available REs. If the CSI-RS location is explicitly signaled to the UE, the network operator can configure the subset of the defined sets.

2.2. Reuse factor

In order to achieve orthogonal CSI-RS among macrocells as well as low power nodes in future deployments for cellular systems, it would be beneficial to have a high reuse factor. Benefits of a high reuse factor, i.e., fewer collisions among CSI-RSs, are given below.

· Interference to CSI-RS RE reflects the interference to the PDSCH. Thus, if interference is estimated based on CSI-RS REs, accurate link adaptation can be performed by the UE and eNB. However, this benefit is irrelevant if interference is estimated based on the CRS REs.

· The channel estimation accuracy is improved in a low load traffic situation since the level of interference to the CSI-RS RE is low. However, this may be less relevant when the traffic load becomes higher and explicit power boosting is not applied to the CSI-RS, or when PDSCH muting is not applied.

The reuse factor per subframe can be increased for the time and frequency domains by using OFDM symbol shifts and subcarrier shifts, respectively. Cell ID is planned based on CRS which has subcarrier shifts. Thus, if CSI-RS location is tied to the cell ID, subcarrier shifts of CSI-RS may ease cell ID planning.

2.3. Mapping
2.3.1.
Patterns

RAN1 is still waiting for the LS (Liaison Statement) reply from RAN4 on the feasibility of 9 dB power boosting of the CSI-RS [1]. If 9 dB power boosting is an issue, CDM should be combined with FDM with OCC (Orthogonal Cover Code) length 2. In order to sustain code orthogonality, OCC could span 2 consecutive symbols or subcarriers. Figures 2(a) and 2(b) show possible candidates of the CDM/FDM mapping pattern for 2, 4, and 8 Tx antennas in the cases of normal-CP and extended-CP, respectively. CDM-T [2] denotes that OCC is used in time domain, while CDM-F [3] denotes that OCC is used in the frequency domain. The design principles are as follows.

· A nested structure among 2, 4, 8 Tx CSI-RSs simplifies the implementation

· Similar CSI-RS structures are used in the normal CP and extended CP. However, CSI-RS pattern should not be optimized for the extended CP.
· The merit of the CDM-T pattern is a high frequency domain reuse factor. The frequency domain reuse factors of 3, 6, and 12 can be achieved for 8 Tx, 4 Tx, and 2 Tx cases, respectively.

· The merit of the CDM-F pattern is that the CSI-RS pattern does not overlap with the Rel-8 DRS. 
· On the other hand, the demerit of the CDM-F pattern may be a low frequency domain reuse factor. The frequency domain reuse factors are 1, 3, and 6 for 8 Tx, 4 Tx, and 2 Tx cases, respectively. 

· Another possible demerit to the CDM-F pattern is that performance degradation of a Rel-8 UE may be more significant when a large transport block size with multiple segmented code blocks is used since the CSI-RS is condensed into one OFDM symbol, which leads to higher punctured density per code block.
· In addition, code orthogonality of CDM-F in an extended CP case could be examined considering the large delay spread.
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(a) Normal CP
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(b) Extended CP
Figure 2 – CDM/FDM pattern for CSI-RS
2.3.1.
Performance
Link level throughput performance is evaluated for Rel-10 UEs assuming SU-MIMO transmission using codebook based precoding to clarify the difference in performance among intra-cell CSI-RS patterns based on FDM, CDM-T, and CDM-F. The CDM-T and CDM-F patterns in Fig. 2 are assumed. The FDM patterns in Fig. 4 are assumed. The channel model is assumed to be the 6-ray Typical Urban channel model. Fading coefficients between receiver antennas at the UE as well as transmit antennas at the eNB are assumed to be uncorrelated. As the codebook for precoding transmission, the 6-bit codebook [4] for the case of 8 antenna ports at the eNB and the 4-bit Rel-8 SU-MIMO codebook for the case of 4 antenna ports at the eNB are assumed. The CSI-RS density is 1 RE/PRB/antenna port, which was agreed upon in [5]. Full power utilization is adopted with power boosting of the CSI-RS over the PDSCH at each transmit antenna [2]. Noise power estimation was performed. Outer-loop link adaptation (OLLA) is adopted with the target BLER of 10%. The other simulation conditions are given in Table I, which are based on [6]. A normal CP is assumed.

Figures 3(a) and 3(b) show the throughput performance for 8 and 4 antenna ports at the eNB, respectively. The figures show that the performance levels of the CSI-RS multiplexing schemes are almost identical. This is because the frequency selectively of the channel between two adjacent subcarriers or time variation of the channel between two OFDM symbols can be ignored.
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(a) 8 Tx at eNB 



(b) 4 Tx at eNB
Figure 3 – Average throughput performance for each CSI-RS pattern

Table 1 Simulation Conditions

[image: image6.emf]Carrier frequency 2 GHz

System bandwidth 5 MHz

eNB antenna configuration 8 Tx uncorrelated or 4 Tx uncorrelated

UE antenna configuration 2 Rx uncorrelated

Channel model 6-ray TU channel model

UE velocity (Maximum Doppler frequency) 3 km/h (5.55 Hz)

PDCCH / PDSCH configuration 3 / 11 OFDM symbols per subframe

Scheduling in time domain Scheduling in every downlink subframe

Channel coding (PDSCH) Rel-8 turbo coding

Number of allocated PRBs 4 PRBs (contiguous allocation)

Modulation and coding scheme

QPSK, R=1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 5/6

16QAM, R=1/2, 3/5, 2/3, 3/4, 5/6

64QAM, R=3/5, 2/3, 3/4, 4/5

Detector MMSE

Precoding/feedback granularity 4 PRBs

Transmit precoding/feedback 6-bit codebook (8 Tx) or 4-bit Rel-8 codebook (4 Tx)

Transmission rank Rank 1 or Rank 2

Common reference signal configuration 2 port Rel-8 CRS in every subframe

CSI-RS allocation Full bandwidth, single subframe

CSI-RS duty cycle configuration 10 ms interval

CQI/PMI reporting delay modeling 5 ms

Channel estimation for CSI generation 2D-MMSE channel estimation over CSI-RS

Channel estimation for CQI/PMI selection Channel estimation over CSI-RS for CQI/PMI selection

HARQ Chase combining

Round trip delay (HARQ) 8 ms

Channel estimation for demodulation 2D-MMSE channel estimation over DM-RS

CSI-RS power boosting

CDM-T or CDM-F: 6 dB (8 Tx) or 3 dB (4 Tx)       

FDM: 9 dB (8 Tx) or 6 dB (4 TX)

DM-RS density 24 RE/PRB
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PDCCH / PDSCH configuration 3 / 11 OFDM symbols per subframe
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DM-RS density 24 RE/PRB
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Figure 4 – FDM pattern for CSI-RS
2.4. Signaling support of CSI-RS parameters

In order to estimate a channel using the CSI-RS, the UE must have the following knowledge regarding the CSI-RS parameters.

· CSI-RS location
· Subframe offset

· Subcarrier shift & OFDM symbol shift

· Duty cycle (5, 10, 20 msec,…)

· CSI-RS power

· Number of CSI-RS ports

· Scrambling ID

The CSI-RS location can be tied to the cell ID [7]. However, the cell ID is planned considering subcarrier shift on the CRS. Thus, an explicit signaling mechanism for the CSI-RS location information may be beneficial to avoid complicated cell ID planning taking both the CSI-RS and CRS into account. The duty cycle, CSI-RS power, and the number of CSI-RS ports can be signaled as system information. The scrambling ID can be tied to the cell ID.

3. Conclusion

This contribution investigated intra-cell CSI-RS issues. A summary is given below.

· FDM, CDM-T, and CDM-F patterns achieve similar throughput performance.

· The FDM pattern requires 9 dB boosting for an 8 Tx case for full power utilization, while the CDM-T and CDM-F patterns require 6 dB.
· The CDM-T pattern achieves a higher reuse factor than that for the CDM-F pattern in the frequency domain in a normal CP. 

· The CDM-F pattern can avoid Rel-8 DRS, but the reuse factor in the frequency domain is lower than that for the CDM-T pattern. 
· Further study is needed regarding the signaling aspects of CSI-RSs, but explicit signaling of the CSI-RS location may ease the cell ID planning and provide flexible CSI-RS configuration.
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