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1 Introduction
In RAN1 #60bis meeting, there are a lot of discussions on the intra-cell CSI-RS multiplexing and pattern design, and the following four issues are highlighted for further email discussion:
· Available resource elements for CSI-RS location
· Pattern

· Reuse factor per subframe for 2,4,8 ports

· Necessary signaling
This contribution analyzes the above four 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. 
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, using CDM-F between the two ports, so as to only up to 6 dB power boosting is needed. 
2 Issues analyses for CSI-RS pattern design
In the CSI-RS pattern design, four issues need to be considered, including the Available resource elements for CSI-RS location, CSI-RS Pattern, Reuse factor per subframe for 2, 4, 8 ports; and Necessary signaling and. In this section, these four issues will be discussed and corresponding solutions will also be given too.
2.1 Available resource elements for CSI-RS location
2.1.1 Configurable resource elements for CSI-RS location
The CSI-RS locations (i.e. occupied REs) should be network configurable, according to the number of CRSs, with or without port 5, normal CP or extended CP, etc.
For example, in the following case, only one OFDM symbol being available for CSI-RS location:
· For normal CP, network configures antenna port 5 and CRS port 0,1,2,3, and setting CFI to 3 (3 OFDM-symbols for PDCCH). In this case, only OS#10 can be used as CSI-RS location.
· For extended CP, network configures CRS port 0,1,2,3, and setting CFI to 3 (3 OFDM-symbols for PDCCH). In this case, only OS#8 can be used as CSI-RS location.
On the other hand, the maximum set of resources for CSI-RS ports configurable in the spec may consider different network configurations for different scenarios. For example, in addition to OS#10 for CSI-RS for normal CP:

· The CSI-RS subframe may set CFI to 2 (2 OFDM-symbols for PDCCH) , where OS#2 (0~13 OSs) can be configurable for CSI-RS mapping. 
· When R9/R10 UEs are mandatory UEs in the network, antenna port 5 may not be necessary scheduled in CSI-RS subframe, where OS#3 and #9 can be configurable for CSI-RS mapping.

· If the network only configures CRS port 0 & 1, the OFDM symbols of port 2&3 can also be configured for CSI-RS mapping.

2.1.2 Minimum and Maximum set of resource elements for CSI-RS location

It should be able to support 2 or 4 CSI-RS ports with at least reuse factor of 3 by avoiding all the R8 & R9 DL RSs, as well as DL control channels. In fact, for 2 or 4 CSI-RS ports, one OFDM symbol is enough to achieve that purpose. Moreover, according to the analysis in section 2.1.1, only one OFDM symbol is available for CSI-RS location in some cases. Therefore the minimum set of resource elements for 2, 4, 8 ports should be one OFDM symbol (OS), i.e.:

· Using OS #10 for normal CP for CSI-RS location as shown in Figure1(a)
· Using OS #8 for extended CP for CSI-RS location as shown in Figure1(b)
Considering reducing the impact on Rel-8 UE performance due to muting, it had better to put all the CSI-RS REs of candidate muting CoMP cells into one subframe. For 8 ports, there are no enough REs if only one OFDM symbol is allowed to put CSI-RS REs. Therefore, the maximum set of resource element for CSI-RS ports in normal subframe should contain 3 OFDM symbols. And the candidate 3 OFDM symbols are: 
· Using OS#3,9,10 when no port 5 for normal CP for CSI-RS location as shown in Figure1(c)
· Using OS#2,8,10 when no port 2,3 for normal CP for CSI-RS location as shown in Figure1(d)
· Using OS#2,7,8 when no port 5,2,3 for extended CP for CSI-RS location as shown in Figure1(e)

Proposal 1: Resource elements for CSI-RS locations should be configurable. The minimum set of resource elements for CSI-RS location should be 1 OFDM symbol. The maximum set of resource elements for CSI-RS location should be 3 OFDM symbols.
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Figure 1: Available resource elements for CSI-RS location
2.2 CSI-RS Pattern

2.2.1 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. 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 [1], 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 2(a). In order to avoid this 9dB power boosting situation, we can spread the power into two frequency-consecutive REs as shown in Figure 2(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 (i.e., using CDM-F).
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Figure 2: Example of EPRE variations for one antenna port with full power sharing
2.2.2 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 [4]. In addition, while inter-cell CSI-RS pattern is considered, Way Forward pointed out that inter-cell orthogonality of CSI-RS is supported by time/frequency/subframe shift [2], 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 [3]. 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.
2.2.3 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 3 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, one 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 4. 
· For 8 ports, one OFDM symbol or three OFDM symbols per subframe can be used to support 3 cell orthogonal CSI-RS pattern, according to different available resource elements configurations for CSI-RS allocation described in section 2.1.
· Configuration example 1: one OFDM symbol per subframe. In this example, 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 5A.
· Configuration example 2: three OFDM symbols per subframe. In this example, one subframe can support three cells’ CSI-RS. Cell-specific OS and subcarrier shifts 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 5B.
· The additional cell-specific subcarrier shift can be introduced to randomize the inter-cell interference from other clusters.
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Figure 3: Intra-cell CSI-RS pattern of 2/4/8 ports 
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Figure 4:  Inter-cell CSI-RS pattern of 2/4 ports with cell-specific subcarrier shifts
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Fig 5A. Configuration example 1: one OFDM symbol per subframe
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Fig 5B. Configuration example 2: Three OFDM symbols per subframe
Figure 5: Inter-cell CSI-RS pattern of 8 ports supporting 3 cell orthogonality for one OFDM symbols per subframe and three OFDM symbols per subframe configurations
2.4.4 Advantages 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 RAN4 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. 
2.3 Reuse factor per subframe for 2, 4, 8 ports
2.3.1 Variable Reuse factor

Whether a fixed reuse factor should be used for all the potential network scenarios? From our opinion, Reuse factor of inter-cell CSI-RS should be network configurable, and transparent to UE (no need to inform UE via air interface). For instance, high CSI-RS reuse factor can be configured for dense network in Urban Area, and low reuse factor can be set for Rural Area or Hot-spot cell. Homogeneous and heterogeneous network may require different reuse factors.
2.3.2 Lower bound and upper bound of reuse factor
Lower bound and upper bound of reuse factor should be defined for CSI-RS at least in normal subframe. FFS for CSI-RSs in MBSFN subframe. The minimum reuse factor is 3: with 2 or 4 orthogonal CSI-RS ports within one subframe, while 8 orthogonal CSI-RS ports within 3 subframe. The maximum reuse factor of 9 is possible for 2 or 4 orthogonal CSI-RS ports within one normal subframe; the maximum reuse factor of 8 ports should be at least 3, depending on the discussions of the other items.

Proposal 4: Reuse factor for 2, 4, 8 ports should be variable. And minimum reuse factor should be 3 and maximum reuse factor should be 9 for 2 or 4 ports. For 8 ports, maximum reuse factor should be 3 within one normal subframe.
2.4 Necessary signaling
2.4.1 Contents of Signaling

RAN1#60 agreed that the position of the other CSI-RS ports is implicitly signaled according to the position of the first CSI-RS port. To make the signaling simple, suggest not map CSI-RS ports to the OFDM symbols that contain DM-RSs, but only to the whole available OFDM symbols. And the Potential locations of CSI-RS, including subframe index, frequency shift, OFDM symbol shift should be known for Rel-10 UE.
· The subframe index can be any DL subframe in FDD and TDD. 
· The frequency shift candidates include: {0, +2, -2, +4, -4, +6} for 2 ports; {0, +4, -4} for 4 and 8 ports.

· The OFDM symbol position candidates include: 
· For normal CP, {OS#3, OS#9, OS#10} when no port 5; 
· For normal CP, {OS#2, OS#8, OS#10} when no port 2,3;
· For extended CP, {OS#2, OS#7, OS#8} when no port 5,2,3.
2.4.2 Implicit signaling or explicit signaling
Considering the potential large reuse factor of CSI-RS, explicit signaling of CSI-RS position is needed. But the cell-id should be used as a randomization seed of the variation of the subframe-index, frequency shift & OFDM symbol shift.
3 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: Resource elements for CSI-RS locations should be configurable. The minimum set of resource elements for CSI-RS location should be 1 OFDM symbol. The maximum set of resource elements for CSI-RS location should be 3 OFDM symbols.
· 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.

· Proposal 4: Reuse factor for 2,4,8 ports should be variable. And minimum reuse factor should be 3 for 2 or 4 ports, and maximum reuse factor should be 9 for 2 or 4 ports. For 8 ports, maximum reuse factor should be 3 within one normal subframe. 
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