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1 Introduction

The DL RS, including UE-specific demodulation RS (DM-RS) and cell-specific measurement RS (CSI-RS), has been discussed extensively in the past RAN1 meetings. The way forward on high-level design principles of DM-RS and CSI-RS were proposed by many companies and agreed on previous two meetings [1][2]. 
Based on the agreements therein, this paper presents our further considerations on CSI-RS design, with special attentions and considerations on improving multi-point channel measurement quality, which can facilitate the channel measurements in DL CoMP transmissions.
2 CSI-RS Design
The CSI-RS is transmitted to enable the UEs to estimate channel state/statistics information, such as CQI/PMI/RI. It was largely agreed that the CSI-RS can be sparsely distributed, especially in time domain, due to the low mobility scenarios as the main target scenario to be optimized. DL CoMP is a promising transmission mode to enhance the system performance, especially the cell-edge user throughput. In the DL CoMP, the UEs may have to estimate the channel state/statistics information from the multiple cooperative points and feedback the estimated explicit and/or implicit channel measurements which will be used in the CoMP transmission. Hence, in the CSI-RS design, not only the traditional single point transmissions (e.g., SU-MIMO, MU-MIMO) are considered, but also the advanced DL CoMP transmissions. Since the accurate channel state/statistics information plays an import role in the performance improvement of CoMP, some particular mechanisms shall be considered to enable reliable multiple-point channel measurement, especially for the UEs on the cell edge. Most of the existing CSI-RS schemes didn’t take the multi-point channel measurement in DL CoMP into account with sufficient details. 
According to the way forward in [1], the CSI-RS may be configured in LTE-A only subframes or in the mixed LTE/LTE-A subframes. So, the arrangement of the CSI-RS shall avoid the Rel-8 CRS, DL control region, newly designed DM-RS patterns for all possible layer numbers. Since the new DM-RS patterns haven’t been determined and the Rel-8 port 5 DRS may be used as rank-1 DM-RS pattern, we temporally focus on the 6th, 11th and 14th OFDMA symbols within one subframe (here normal CP length is assumed).
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Figure 1: candidate locations for arrangement of CSI-RS (highlighted by purple REs)
In the design of CSI-RS, the following principle can be considered

· Since the CSI-RS may be arranged in the mixed LTE/LTE-A subframe, the PDSCH transmission of Rel-8 will have to be punctured on the REs occupied by the CSI-RS due to the unawareness of the existence of CSI-RS in view of Rel-8 UEs, which will lead to some performance degradation for the PDSCH. The impact of the CSI-RS on the detection of Rel-8 PDSCH shall be reduced as much as possible. 
· The CSI-RS positions of adjacent cells can be staggered such that: 1) the collision of CSI-RS (may be power boosted) from adjacent multiple points can be avoided; 2) data puncturing to improve multi-point channel measurement quality can be easily implemented. 
Based on the above principles, we propose the CSI-RS patterns for 8 antenna ports and 4 antenna ports as follows. 

2.1 CSI-RS for 8 antenna ports
The three cell-specific CSI-RS patterns for 8 antenna ports are shown in Figure 2. From this figure, we can see that one subcarrier every eight are occupied by one antenna port, and antenna ports 0~3 and ports 4~7 are distributed in different OFDMA symbols. The even distribution of each antenna port (within the first or second half RBs in the total BW) can facilitate the estimation of the channel state information. The distribution of all the antenna ports in two OFDMA symbols, instead of one single symbol may be beneficial for reducing negative impact on the Rel-8 PDSCH detection performance as shown in [3]. 
The proposed staggered CSI-RS structure for multiple points not only avoids the CSI-RS collisions among the adjacent cells, but also facilitates the optional data puncturing to improve the multi-point channel measurements. Figure 3 shows the possible data puncturing in view of the cell with cell_id mod 3 =0. In Figure 3(b), the data symbols are punctured to avoid the interference to the CSI-RS sent by the cell with cell_id mod 3 = 1, while in Figure 3(c), the data symbols are punctured to avoid the interference to the CSI-RS from the cells with cell_id mod 3 = 1 or 2. Although it is obvious that the overhead is increased and the impact on Rel-8 PDSCH detection (if CSI-RS located at Rel-8 subframes) will be further degraded in case of data puncturing, it still may be acceptable considering the following points 
· The CSI-RS is sparse in time domain, so the impact of data puncturing is only limited to few DL subframes. 

· The data puncturing can be constrained to the cells in the CoMP cooperating set to improve the multi-point channel measurement quality. For the cells without CoMP transmission, the puncturing can be disabled. The data puncturing related to CSI-RS measurement of multiple cells was mentioned in [4], but without details of CSI-RS arrangement among adjacent cells. 
· Regarding the possible increased impact on Rel-8 PDSCH, some measures can be taken by eNB to minimize the negative impact, such as: 1) try to schedule the Rel-8 UE in the subframes without CSI-RS, thus avoiding the impact; 2) even if the Rel-8 UE have to be scheduled in the subframes with CSI-RS, although Rel-8 UE is unaware of the CSI-RS, eNB knows its presence and its potential impact, so eNB can appropriately adjust the transmission scheme, e.g., apply modulation and coding scheme with lower spectral efficiency, in this way, BLER performance degradation can be avoided. 
· Additionally, the CSI-RS structure with data puncturing also allows the same data mapping among involved multiple cells in joint-transmission, which is highly desired to enable the low-complexity RF combining in joint-transmission detection. 

The staggered CSI-RS structure allows interference suppression on CSI-RS for two or three cells, the CSI measurement for DL cooperating set with larger number of cells are FFS. In [7], it was proposed that to suppress the interference among the CSI-RSs of the CoMP cells, the CSI-RS can be arranged in different subframes for different involved cells. The potential drawback of this scheme is that more subframes will be occupied by the CSI-RS such that the scheduling flexibility of Rel-8 PDSCH (note that Rel-8 PDSCH is preferred to be scheduled in subframes without CSI-RS) is reduced to some extent. In the scheme proposed in this paper, the CSI-RS patterns for different cells are constrained into single subframe, such that the potential impact on the scheduling is minimized. 
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(a) cell_id mod 3 = 0                          (b) cell_id mod 3 = 1                         (c) cell_id mod 3 = 2
Figure 2: Illustration of cell-specific CSI-RS patterns for 8 antenna ports
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 (a) No puncturing                  (b) puncturing for cell_id mod 3 = 1   (c) puncturing for cell_id mod 3 = {1, 2}
Figure 3: Illustration of the optional data puncturing (in view of cell with cell_id mod 3 = 0)
2.2 CSI-RS for 4 antenna ports

It was mentioned in the way forward [1] that if the antenna port number is equal to 4, the 4 CRS patterns in Rel-8 can be used as the CSI-RS for LTE-A UEs. The reuse of Rel-8 CRS as CSI-RS is desired in the sense of reducing the additional overhead of new CSI-RS, however, the inter-cell interference on the Rel-8 CRS may prohibit accurate multi-point channel state/statistics information measurement, especially for the UEs on cell edge and inaccurate channel measurement may eat up the expected performance gain from CoMP transmissions. So, to improve the multi-point channel measurement quality, we provide here the new CSI-RS patterns for 4 antenna ports, as shown in Figure 4. The optional data puncturing is illustrated in Figure 5, which is similar to that with 8 antenna ports. 
One noteworthy point here is that even if the actual number of physical antenna equipped at each cell is 8 or other value greater than 4, predefined open-loop precoding can be applied to implement the virtual 4 antenna ports. This virtual antenna concept was supported by some companies, e.g. in [5-6]. The advantages of this virtual antenna configuration include: 1) the overhead, especially the RS overhead is reduced over 8 antenna ports; 2) the larger number of PAs can be sufficiently exploited; 3) cells with different number of antennas (if this scenario is present) can be unified to 4 virtual antenna ports to facilitate some operations (e.g., CoMP transmission). The disadvantage of this virtual antenna configuration is that the spatial degree of freedom of larger than 4 isn’t sufficiently exploited, thus peak data rate will be reduced accordingly. As a result, it is recommended that when the higher peak rate with 8 antenna ports isn’t the main target, the 4 virtual antenna ports can be optionally employed. 
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 (a) cell_id mod 3 = 0                       (b) cell_id mod 3 = 1                     (c) cell_id mod 3 = 2
Figure 4: Illustration of cell-specific CSI-RS patterns for 4 antenna ports
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 (a) No puncturing                  (b) puncturing for cell_id mod 3 = 1   (c) puncturing for cell_id mod 3 = {1, 2}

Figure 5: Illustration of the optional data puncturing (in view of cell with cell_id mod 3 = 0)
3 Conclusion

In this paper, the further detailed considerations on CSI-RS design are presented, with special attentions and considerations on improving multi-point channel measurement quality, which can facilitate the channel measurements in DL CoMP transmissions. In particular, cell-specific CSI-RS patterns were proposed for 8 and 4 antenna ports, which are in staggered distribution among multiple adjacent points, which will avoid CSI-RS collision among the adjacent cells and enable easy implementation of data puncturing to improve multi-point channel measurement quality. Additionally, it is proposeded that when the peak rate with 8 antenna ports isn’t the main target, the 4 virtual antenna ports can be optionally employed. 
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