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1 Introduction
In RAN1 #59bis, the agreement on the common CSI-RS density of 1 RE per port per PRB was achieved [1]. RAN1 #60 has a lot of discussion on the intra-cell CSI-RS multiplexing and pattern design, mainly focused on two issues as below:
· Available REs for CSI-RS, considering normal CP and extended CP
· The maximum power boosting of CSI-RS: An LS was sent to RAN4 asking about the feasibility of 9 dB boosting [2]. 

This contribution analyzes the above two issues in detail, based on the commonality of the CSI-RS pattern design for both normal CP and extended CP, for both FDD and TDD, and for normal subframe and MBSFN subframe, which requires to map the single-cell CSI-RS ports to one OFDM symbol per subframe. 
Intra-cell CSI-RS multiplexing is based on FDM among different pairs of CSI-RS ports, by mapping each pair of CSI-RS to two frequency-consecutive REs. Within each pair of ports, whether using FDM or CDM between the two ports should consider the RAN4 response on impact of 9dB CSI-RS power boosting level on the power amplifier. 
2 Issue analyses for CSI-RS pattern design
In the CSI-RS pattern design, two issues need to be considered, including the available resources for CSI-RS and the full power sharing issue of CSI-RS REs.
2.1 Available resources for CSI-RS
The agreed assumption of CSI RS density evaluation [3] provides the principles of the available resources for CSI-RS as below:

· Design CSI-RS mapping pattern while avoiding OFDM symbols with Rel-8 CRS (4 CRS ports for 8 CSI-RS design) and PDCCH (1-3rd OFDM symbol) in the case of normal CP 
There are two more considerations as below:

· Common CSI-RS pattern design for normal CP and extended CP.

In the case of extended CP, there is only the OFDM symbol #8 is available for CSI RS in normal subframe.  
· Common CSI-RS pattern design for FDD and TDD. 

· For normal CP, decision is needed on whether to permit CSI-RS occupy the OFDM symbols containing Rel-8 DRS (port 5), which is mandatory in TDD system. If Rel-8 DRS avoidance considered, there is only one full symbol (the OFDM symbol #10 with normal CP) available, which is the same situation as in extended CP case.
· It’s hard for TDD to schedule MBSFN subframe for CSI-RS in some configuration due to limited number of downlink subframe, e.g. configuration 0. 
· In addition, special subframe is too crowded to find enough REs for CSI-RS. 

Considering earlier agreement in RAN1#56bis to strive for same CSI RS pattern regardless of subframe type (DL Rel-8 or DL LTE-A subframes), it is proposed to focus the intra-cell CSI-RS pattern design on the normal subframe with both normal CP and extended CP.

· Observation & Proposal 1: For a common CSI-RS pattern design for normal CP and extended CP, FDD and TDD, only map the single-cell CSI RS to one OFDM symbol within one subframe.

2.2  Intra-cell multiplexing method while considering power sharing among all CSI RS ports
Based on the CSI RS evaluation in #59bis, power sharing among REs for multiple CSI-RSs is needed to guarantee the measurement quality while 1 RE per port per PRB is used. According to the observation from the last section, there is only one OFDM symbol available within one subframe for CSI-RS mapping. The intra-cell CSI-RS multiplexing method will determine the power boosting level of CSI-RS for different antenna setup, listed as below:
· FDM: 3dB for 2 ports, 6dB for 4 ports, 9dB for 8 ports;
· CDM: no boosting, but sensitive to the frequency domain selectivity;
· FDM+CDM: 0dB for 2 ports, 3dB for 4 ports, 6dB for 8 ports; insensitive to the frequency domain selectivity if mapping one port to two neighboring REs.
The choice of particular multiplexing method depends on the impact of non-ideal PA  on power sharing among all CSI RS ports. As captured in the LS to RAN4 [2], some concern is to be clarified about the potential impact due to non-ideal PA behaviour resulting from the increase of dynamic range of EPRE within an OFDM symbol due to CSI RS boosting. By this concern, with pure FDM, while 8 ports share the same OFDM symbol and full power sharing among CSI RS REs assumed, there would be up to 9 dB gap between EPRE of CSI RS RE and data RE for each antenna port since the power of REs for remainder 7 CSI RS ports would be accumulated in the RE corresponding to this port as shown in Figure 1(a). If this issue was confirmed by RAN 4 to be an actual design limit, we can spread the power into two frequency-consecutive REs as shown in Figure 1(b) to limit the power boosting level not higher than 6 dB as in Rel-8. Of course by this way intra-cell CDM would be introduced and the impact of frequency selectivity on intra-cell CSI RS orthogonality should be considered.
To conclude,

· Proposal 2: FDM among different pairs of CSI-RS ports for intra-cell CSI RS multiplexing
· If non-ideal PA was confirmed to be an actual limit on EPRE dynamic range, CDM within each pair of CSI-RS ports on two frequency-consecutive REs.
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Figure 1: Example of EPRE variations for one antenna port with full power sharing
2.3 Inter-cell multiplexing method and pattern to support inter-cell measurement 

In RAN1 #59bis, it was agreed that the CSI-RS design needs consider potential forward compatibility such as multiple-cell measurement. In RAN1 #60, it was further determined that CSI RS design should allow for accurate inter-cell measurements[6]. In addition, while inter-cell CSI RS pattern is considered, WF pointed out that inter-cell orthogonality of CSI-RS is supported by time/frequency/subframe shift[4], that is, inter-cell TFDM would be used for inter-cell multiplexing. Furthermore, the combination of TFDM orthogonality within a cell cluster and randomization among different cell clusters are proposed [5]. To facilitate the multi-cell CSI measurement, it is proposed to design a common intra-cell CSI RS pattern with cell-specific time-frequency offset within a cell cluster. Moreover, to further reduce and average interference, CSI RS pattern would be used for randomization among different cell clusters.  
· Proposal 3: A common CSI RS pattern with cell-specific time-frequency shift is used for CSI RS orthogonality within a cell cluster and randomization among different cell clusters.

3 CSI-RS pattern design
3.1 Proposed CSI-RS patterns for 2/4/8 ports
Under the consideration mentioned above, in this subsection we give some CSI RS pattern as example 

· Intra-cell pattern

Figure 2 shows the intra-cell CSI RS patterns for 2/4/8 ports respectively. From this figure we can see that the frequency-consecutive 2/4/8 REs are allocated to the CSI RS ports within a single cell. CSI RS ports within a cell are divided into several groups each of which consists of two ports occupying consecutive 2 REs (the REs contained by blue curves in figure). In addition to the FDM among groups, orthogonal CDM with length 2 is used for separation of two ports within each pair as Proposal 2. Fortunately, the channel over two frequency-consecutive REs could be assumed to be frequency flat and orthogonality among CSI RS ports would not be destroyed much.
· Inter-cell pattern 

· For 2/4 ports, 1 OFDM symbol can support at least 3 cell orthogonal frequency-shifts among a cell cluster. The intra-cell pattern and corresponding inter-cell multiplexing pattern with cell-specific subcarrier shifts are shown in Figure 3. 
· For 8 ports, one subframe can only support one cell’s CSI RS. Cell-specific subframe shift would be used to support TFDM orthognality within a cell cluster and subcarrier shift are used for randomization among different cell clusters as shown in Figure 4.
· The additional cell-specific subframe shift can be introduced to randomize the inter-cell interference from other clusters.
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Figure 2: Intra-cell pattern of 2/4/8 ports 
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Figure 3:  Inter-cell pattern of 2/4 ports with cell-specific subcarrier shifts
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Figure 4:  Inter-cell pattern of 8 ports with cell-specific subframe shifts for orthogonality within a cell cluster

 and subcarrier shift for randomization among different cell clusters
3.2 Advantage of proposed patterns 
The patterns proposed above have several obvious advantages:
· Up to 6 dB power boosting to support full power sharing among REs allocated to CSI RS which is allowable in Rel-8 and the impact of non-ideal PA on EPRE dynamic range can be ignored whatever the RAN 4 feedback would be. 
· Guarantee good orthogonality among intra-cell CSI RS ports since of the short orthogonal code (length 2) spread on frequency-consecutive 2 REs by which flat channel fading can be assumed.
· Guarantee good orthogonality among inter-cell CSI RS within a cell cluster and randomization among different cell clusters.

Furthermore, the CSI RS of different cells share a common pattern with different time/frequency shifts and UE can be informed of this by some simple and existent indicators including Cell_ID. 
4 Conclusion
In this contribution, the intra- and inter-cell CSI RS pattern are discussed with considering the available resource, intra- and inter-cell multiplexing methods, as well as the impact of non-ideal PA on full CSI RS power sharing. Based on the consideration and analyses, following principles are proposed:
· Proposal 1: For a common CSI-RS pattern design for normal CP and extended CP, FDD and TDD, only map the single-cell CSI RS to one OFDM symbol within one subframe.
· Proposal 2: FDM among different pairs of CSI-RS ports for intra-cell CSI RS multiplexing
· If non-ideal PA was confirmed to be an actual limit on EPRE dynamic range, CDM within each pair of CSI-RS ports on two frequency-consecutive REs.

· Proposal 3: A common CSI RS pattern with cell-specific time-frequency shift is used for CSI RS orthogonality within a cell cluster and randomization among different cell clusters.
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