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1. Introduction

At the RAN1#61 meeting, the following were agreed upon regarding intra-cell CSI-RS design.

· CSI-RS port multiplexing is based on CDM for each pair of CSI-RS ports
· Avoidance of port 5 of the same cell should be addressed.

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

· The pattern with smaller number of CSI-RS ports is a subset of the pattern with larger number of CSI-RS ports.
· Study single and multiple patterns in terms of achievable reuse factor and signaling overhead.

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

Furthermore, it was encouraged to bring pattern proposals for normal and extended CPs, and for FDD and TDD. In this contribution, we present our views regarding CSI-RS patterns. 

2. Design Principle for CSI-RS Design

2.1. Prioritization for Normal CP

The normal CP can support the cell radius of approximately 10 km [1]. Therefore, the pattern optimization for a normal CP should be prioritized. 

2.2. Nested Structure

A nested structure is defined such that the pattern with the smaller number of CSI-RS ports is a subset of the pattern with the larger number of CSI-RS ports. Therefore, based on this property, the CSI-RS pattern is defined as an 8 port CSI-RS. Furthermore, the reuse factor of a 2 (4) port CSI-RS is 4 (2) times of that for an 8 port CSI-RS.
2.3. Avoidance of Port 5

The way forward for the coexistence of the CSI-RS and antenna port 5 (Rel-8 DM-RS for transmission mode 7) [2] was discussed and it was agreed that the avoidance of port 5 should be addressed. There are three methods to avoid collision.
· Avoidance of all possible Rel-8 DM-RS RE locations
In this method, the CSI-RS occupies the remaining REs that are not used for CRS and DM-RS considering all shifts. As discussed regarding the property of the nested structure, the CSI-RS pattern should be defined as an 8 port CSI-RS pattern. The green REs in Fig.1 indicate the remaining REs, i.e., possible candidates for CSI-RS REs. By employing CDM-F, the reuse factor of 1 can be achieved by occupying the 10th OFDM symbol (indicated by red text in Fig.1). Furthermore, by allowing a pattern that spans 2 consecutive RBs in frequency domain to achieve full power amplifier usage and multiple patterns (indicated by blue text in Fig. 1), the additional reuse factor of 1 can be achieved. 
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Figure 1 – Avoidance of all possible Rel-8 DM-RS RE
· Different pattern according to Rel-8 DM-RS RE location

In this method, the CSI-RS RE shifts according to the location of the Rel-8 DM-RS RE as shown in Fig. 2. The advantage of the method is that more REs can be used for CSI-RS, i.e., higher reuse factor. However, as shown in Fig. 2, the shifts cause the patterns for among cells to be non-orthogonal. Therefore, if muting is applied, the effect of muting would be reduced due to the remaining interference from other cells. 
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Figure 2 –Different pattern according to Rel-8 DM-RS RE location
· No specification support (Avoidance by eNodeB scheduling)
In this method, the eNodeB does not schedule the Rel-8/9 UEs using transmission mode 7 in the CSI-RS subframe. As discussed in [3], the throughput performance of Rel-8/9 UEs in the CSI-RS subframe is severely degraded not only in transmission mode 7 but also in other transmission modes (Please see appendix for further simulation results). The eNodeB must basically avoid the scheduling of Rel-8/9 UEs in the CSI-RS subframe. Therefore, this method is not a severe restriction for the eNodeB scheduler. This restriction only affects the eNodeB scheduler, and not necessary for specification.
Even if the eNodeB assign the Rel-8/9 UEs with transmission mode 7 in the CSI-subframe, there is no need for specification, based on the following UE behaviour.
· The UEs with transmission mode 7 always assume the existence of Rel-8 DM-RS (at least for Rel-8/9, the UE definitely follows this, and Rel-10 UEs also follows this if necessary)

· The UEs that can aware CSI-RS (Rel-10/11 UEs) always assume the existence of CSI-RS.

Therefore, transmission of Rel-8 DM-RS or CSI-RS is also implementation issue for the eNodeB scheduler. Based on the discussion above, there is no need to specify anything for this scheme.
The first method requires multiple patterns and only two reuse factors are obtained for 8 CSI-RS ports, although the required reuse factor requires further study. Furthermore, as discussed, the effect of muting is reduced in the second method and causes the generation of complex patterns. Therefore, avoiding the Rel-8 DM-RS causes severe limitation on the CSI-RS positions and limited usage of muting. Considering that avoiding the assignment of Rel-8/9 UEs in the CSI-RS subframe is appropriate restriction without treatment for Rel-8 DM-RS and the Rel-8 DM-RS is optional feature at least for FDD, the third option is simple and suitable option. Therefore, we prefer the avoidance by eNodeB scheduler.
3. Proposed CSI-RS Pattern

Based on the principle discussed in Section 2, the following patterns using CDM-T with OCC = 2 are proposed in Fig. 3. This is because a single pattern can achieve at maximum five reuse factors for a normal CP case, although the actual required reuse factor should be discussed separately. 
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Figure 3 – Proposed CSI-RS pattern for normal CP
Pattern proposals for the extended CP are shown in Fig. 4 (a) and (b). One of the two patterns in the figure should be selected according to the discussion on the maximum number of supported ranks for an extended CP. If the maximum number is less than or equal to two, the identical pattern can be used for the normal CP and extended CP.
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(a) Maximum rank for extended CP is less than or equal to 2
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(b) Maximum rank for extended CP is less than or equal to 4
Figure 4 – Proposed CSI-RS pattern for extended CP

4. Signaling to Support CSI-RS 

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, intra-subframe location index)

· Duty cycle (5, 10, 20 msec,…)

· CSI-RS power

· Number of CSI-RS ports

The CSI-RS location can be sent implicitly or explicitly, where following three alternatives could be considered. 

· Implicit method
If the CSI-RS location is tied to the cell ID in the same way as for the CRS [4], i.e., by using implicit signaling, the signaling overhead becomes small.
· Explicit method

If the CSI-RS location is explicitly signaled by using RRC, it is beneficial to avoid the complicated cell ID replanning in Rel-10 taking both the CSI-RS and CRS into account. 
· Hybrid(implicit/explicit) method

In this method, the CSI-RS location is tied to the cell ID. However, the RRC signaling may indicate the CSI-RS location, and this RRC signaling overrides the implicit signaling.  
Among these three methods, either the explicit method by RRC signaling or hybrid (explicit or implicit) method by RRC signaling and the cell ID tying is preferred. 
In addition, duty cycle of CSI-RS, CSI-RS power, and the number of CSI-RS ports, can be signaled by RRC signaling.
5. Conclusion

In this contribution, we presented our views on the following principles for CSI-RS design and proposed a CSI-RS pattern.

· Nested structure among 2, 4, and 8 CSI-RS ports

· Pattern for normal CP is prioritized.
· The same patterns for pattern with and w/o port 5, since the collision with Rel-8 DRS can be basically avoided by the scheduler.
· Single pattern for each of normal and extended CP
· CDM-T with OCC = 2 as a base pattern which achieves maximum reuse factor under the above mentioned conditions
· Regarding CSI RS location signaling, either the explicit method by RRC signaling or hybrid (explicit or implicit) method by RRC signaling and the cell ID tying is preferred. 
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Appendix
This section evaluates the performance of Rel. 8 UE in CSI RS subframes. Simulation parameters are shown in Table A1. Figure A1 shows the BLER performance of Rel. 8 UE. For comparison, the BLER performance without CSI RS insertion is also plotted. Fig. A1 shows that the performance degradation due to CSI RS insertion becomes more significant as MCS levels become higher. Especially with 64 QAM, high error floor is observed, which would become even higher if higher coding rate is used. Figure A2 shows the throughput performance of Rel. 8 UE. Fig. 6 also shows that the performance degradation due to CSI RS insertion becomes significant as MCS levels become higher. 
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Figure A1 – BLER performance of Rel. 8 UE

(TU channel, 2-by-2 SFBC, 8 RB/PRB CSI-RS density) 
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Figure A2 – Throughput performance of Rel. 8 UE
(TU channel, 2-by-2 SFBC, 8 RB/PRB CSI-RS density) 

Table A1 – Simulation Parameters
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