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1. Introduction


In RAN1#61 meeting in Montreal, the following conclusions were agreed for downlink CSI-RS design:
· CSI RS port multiplexing is based on CDM for each pair of CSI RS ports
· RAN WG4 concluded consideration of RAN WG1 LS with a preference to avoid CSI-RS boosting of 9 dB (N=8) [1]
· Avoidance of port 5 of the 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 signaling overhead
· A time-invariant time/frequency shift is used in a cell
Based on the agreement above an e-mail discussion between companies on CSI-RS pattern proposal was initiated. 

In this contribution we present CSI-RS pattern proposal for different number of antenna ports (2, 4 and 8) in the subframes with normal and extended cyclic prefix. The details of antenna port multiplexing methods are discussed. The analysis on the maximum achievable reuse factor for the proposed CSI-RS is also conducted. 
2. Discussion on CSI-RS pattern structure

RAN WG4 concluded consideration of RAN WG1 LS with a preference to avoid CSI-RS power boosting level of 9dB [1]. This implies that plain FDM multiplexing method initially considered as one of candidates for antenna port multiplexing is not desirable in eight antenna port CSI-RS pattern. However, FDM multiplexing can still be applied for antenna multiplexing in case of two and four antenna ports. A straightforward approach to avoid power boosting of 9dB and to achieve full power utilization in eight antenna port configuration is the usage of CDM multiplexing at least across pair of antenna ports. In this case the available power is spread across two (or more) adjacent REs allocated to the antenna port pair, thus limiting the maximum power boosting level not higher than 6 dB (as in Rel-8). It is well know that CDM code orthogonality suffers in frequency selective channel and usage of the shorter CDM codes is preferable. Based on the above consideration, it is seen that CDM code of length two is the most suitable option that minimizes the inter-code interference and matches to the baseline antenna configuration of two transmitting antennas. The multiplexing of the antenna port pair in case of four and eight antenna ports can then be performed using hybrid method by adding FDM component on top of CDM. Two options can be considered for CDM multiplexing: CDM-T for the CDM code residing on two adjacent in time REs or CDM-F for CDM code residing on two adjacent in frequency REs. The main advantage of CDM-F multiplexing over CDM-T is that the CSI-RS pattern avoids overlapping with the Rel-8/9 CSM/DRS. In this case the assignment of CSI-RS pattern is flexible and invariant to the actual value of vshift parameter (cell ID) of Rel-8/9 CSM/DRS. Such flexibility is beneficial for explicit signaling mechanism of the CSI-RS location when complicated cell ID planning considering both the CSI-RS and CSM/DRS needs to be avoided. It should be also noted that CDM-T has some advantage as well. For Rel-8/9 UEs receiving downlink transmission with CSI-RS CDM-T shows some performance advantages comparing to CDM-F due spreading of the CSI-RS transmitting power across two REs adjacent in time. The power spreading across two OFDM symbols is beneficial for the high-throughput Rel-8/9 UE receiving a downlink transmission with large transport block size with multiple segmented coded blocks. As was noted in [2] usage of CDM-T leads to smaller punctured density per coded block. However, assuming low duty cycle of CSI-RS (of the order 10ms) and the relative amount of high throughput UE (large transport block sizes) the overall impact on Rel-8/9 system performance is expected to be marginal.

Another design consideration of CSI-RS pattern is avoidance of the REs allocated to antenna port 5. The avoidance is especially important in Rel-8/9 TDD systems in the initial deployments where single layer beamforming using antenna port 5 is a mandatory option. There are multiple ways to address this issue. One approach is to allow CSI-RS transmission in the subframe where transmission mode 7 is not used, and to allocate antenna port 5 resources in the other subframes not transmitting CSI-RS. However this approach puts additional restrictions on the eNode-B scheduling and is not desirable at the initial deployments. On the other hand the amount of REs available for CSI-RS is very small when CSI-RS explicitly avoids antenna port 5 OFDM symbols, potentially limiting the CSI-RS reuse factor that can be supported within a subframe. Similar to Rel-8/9 CRS, it is expected that minimum reuse factor that can be supported by CSI-RS should be equal to 3. Based on the above consideration the CSI-RS pattern should support a minimum reuse factor of 3 for all antenna port configurations using explicit avoidance of RE antenna port 5 by allocating CSI-RS in the REs other than antenna port 5 OFDM symbols. Higher reuse cases (expected in latter stages of TDD-LTE-Advanced evolution) may be supported in the future deployments using RE on OFDM symbols allocated for antenna port 5 and limiting the scheduling of the transmission mode 7 outside subframe transmitting CSI-RS. In this case there should be not a big problem to schedule a few Rel-8/9 UEs in the subframes not transmitting CSI-RS [3].
3. CSI-RS pattern proposal

Under the design considerations mentioned above, in this subsection we provide the proposal CSI-RS pattern for different antenna port configurations in the subframes with normal and extended cyclic prefix.

Figure 1 shows the CSI-RS patterns within a subframe for two antenna ports in case of normal and extended cyclic prefix respectively. From this figure it can be seen that CDM-F is used for multiplexing of antenna port pair using two frequency-adjacent REs. The reuse factor is achieved by introducing frequency and OFDM symbol shifts within a subframe keeping the same structure of the CSI-RS pattern for different reuse configurations. It should be noted that minimum reuse factor of 3 is easily supported by frequency-shifts only with explicit avoidance of OFDM symbols used by antenna port 5. The maximum reuse factor of 12 is achieved for the proposed pattern in the subframes with normal cyclic prefix, but allocation with antenna port 5 should be avoided in the subframe carrying CSI-RS.
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Figure 1. CSI-RS pattern for two antenna ports configuration

To support four antenna ports, FDM is used to multiplex two pairs of antenna ports in the same OFDM symbol (see Figure 2). Full power utilization is achieved by using 3dB power boosting on the pair of CSI-RS REs comparing to power of DL-SCH REs. To preserve implementation simplicity CSI-RS pattern for two and four antenna ports obeys a nested property, so the sets of REs used for patterns supporting two antenna ports are subsets of the REs used for patterns supporting four antenna ports. The same minimum reuse factor (reuse-3) is supported by frequency-shifts only with explicit avoidance of OFDM symbols used by antenna port 5.
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Figure 2. CSI-RS pattern for four antenna ports configuration


Support of minimum reuse factor in eight antenna port configuration with explicit avoidance of OFDM symbols used by antenna port 5 is very challenging task. To address this issue and satisfy the requirement on supporting of minimum reuse factor of 3 we propose to extend the structure of CSI-RS over two frequency-adjacent PRBs. It should be noted that feedback information is usually generated for a group of PRB and in contrast to CRS/DRS the requirement on frequency sampling of REs allocated to CSI-RS is much more relaxed. The proposed structure of CSI-RS pattern for eight antenna port is shown in Figure 3. It is seen that the structure of CSI-RS for eight antenna port is very similar to the structures for two and four antenna ports presented above.
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Figure 3. CSI-RS pattern for eight antenna ports configuration

4. Reuse factor for CSI-RS pattern

Table 1 summarizes the maximum achievable reuse factor for different subframe configuration and number of antenna ports. It can be seen that the maximum reuse factor of 12 is achieved for two antenna ports in the subframe with normal cyclic prefix. It can be also seen that minimum reuse factor of 3 is guaranteed in all antenna port configurations and subframe types. It should be noted that for the proposed CSI-RS patterns the minimum reuse factor of 3 is achieved with explicit avoidance of OFDM symbols used by antenna port 5.
Table 1. Maximum reuse factor for the proposed CSI-RS pattern
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It should be pointed out that in order to minimize signalling and test cases associated with the CSI-RS configuration the maximum reuse factor of CSI-RS pattern within subframe should be carefully studied with consideration of the practical deployment scenarios and antenna configurations. For example, for the COMP application it may be sufficient for CSI-RS pattern to support only a reuse factor of 3 within a subframe since the number of the strong interferers is usually limited. In this case it may be sufficient the usage of the reuse factor 3 only. Other interferes could be also differentiated by allocating CSI-RS in other subframes.
5. Conclusions

In this contribution the CSI-RS pattern supporting two, four and eight antenna port configuration in the subframe with normal and extended cyclic prefix is presented. The antenna port multiplexing is based on the combination of CDM-F within antenna port pair and FDM over antenna port pairs. Usage of CDM-F multiplexing in CSI-RS pattern offers flexibility in the CSI-RS location assignment making CSI-RS reuse planning irrelevant to the cell ID planning of Rel-8/9 CSM/DRS. For the proposed pattern the minimum reuse-3 configuration of CSI-RS is supported for all antenna port configurations (2, 4 and 8) by using frequency-shifts only with explicit avoidance of OFDM symbols used by antenna port 5. Higher reuse cases can be achieved in the future deployments with the same CSI-RS pattern by introducing frequency and OFDM symbol shifts and scheduling of the resources with the transmission mode 7 outside CSI-RS subframe.
Proposal #1: Adopt CDM-F multiplexing method across antenna port pair (OCC2) as a baseline antenna port pair multiplexing scheme in CSI-RS pattern
Proposal #2: Adopt a requirement on minimum reuse factor of 3 within a subframe with explicit avoidance of OFDM symbol used by antenna port 5 in CSI-RS pattern design
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