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1. Introduction
In [1], the issue of UE-specific RS design is discussed and a scheme of UE-specific RS FDM with the cell-specific RS is proposed. In this contribution, the coexistence of these two kinds RS is discussed further. 
Only adopting UE-specific RS in beam-forming (BF) mode is helpful to reduce the overhead of RS. We propose that for PDSCH transmission, when the UE-specific RS is inserted, the cell-specific RS is punctured to reduce the RS overhead.

In order to solve the issue how UE-specific RS coexist with cell-specific RS, the FDM scheme is proposed, i.e. the BF transmission and non-BF transmission are separated in the PDSCH region in one sub-frame. The FDM scheme is helpful to maintain the channel estimation performance of the PDSCH when cell-specific RS is inserted.
2. Discussion
2.1. Co-existence of UE-specific RS and cell-specific RS
For the control region (the first m (<=3) symbols), since the control signaling is detected by all UEs, no UE-specific MIMO mode should be employed, e.g. the BF technique, which also means the cell specific RS (common RS, cell-specific RS) should be adopted in control region.
For the data transmission region (the other parts in a DL subframe excluding the control resign, i.e. the region of PDSCH), in most cases, the UEs with BF mode and UEs with other MIMO modes may be coexistent. When UE employs beam-forming, UE-specific RS should be adopted to reduce the overhead of RS, which means that the UE-specific RS and cell-specific RS will be coexistent in the same DL subframe. 
If the cell-specific RS is kept also when BF is employed as shown as figure 1(a), the total overhead of cell-specific RS and UE-specific RS is too large to endure. So, it is preferred only UE-specific RS is transmitted in the PDSCH when BF is employed, which is shown in figure 1(b). 
The overhead of RS is compared between the figure 1 (a) and (b), where it is assumed that

· cell specific RS: 

· The antenna port 2 is adopted. 

· UE specific RS:

· The pattern in fig 1 is adopted, where 8 symbols of pilots are inserted in each PRB.

The comparison results are shown in table 1,

Table 1. The symbol number of RS comparison for the two schemes in figure 1. 

	
	Symbol number of cell-specific RS  in one PRB
	Symbol number of UE-specific RS in one PRB

	Scheme of fig1 (a)
	16
	8

	Scheme of fig1 (b)
	4
	8


As shown as table 1, for the scheme in figure 1 (a), there are 24 (16+8) RS symbols in one PRB, comparably, there are only 12 (4+8) RS symbols in one PRB for the scheme in fig.1 (b). The overhead reduction is dramatically, which 50% overhead of RS is reduced. Similarly, when cell specific RS adopted 1 antenna port, 37.5% overhead is reduced; when cell specific RS adopted 4 antennas port, 50% overhead is reduced.
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Figuer 1.  (a) Cell-specific RS is kept also when BF is employed,
 (b) Only UE-specific RS is transmitted when BF is employed

2.2. The scheme of UE-specific RS FMD with cell-specific RS
In the section 2.1, the overhead of RS is analyzed. We prefer to transmit PDSCH with the RS pattern in figure 1 (b), i.e. when the UE specific is adopted in PDSCH, the cell specific RS in PDSCH is punctured. In this section, how to multiplex the two kinds of RS is discussed.
One explicit scheme of coexistence is that every PRB can employ BF or other MIMO mode. In this scheme, the BF UEs and other UEs may interleave in one DL subframe as shown in figure 1(b). The wideband cell-specific RS of PDSCH will be punctured by the BF PDSCH. The demerit is that the Non-BF UEs can not utilize adjacent PRBs to estimate the channel since the UEs don’t know whether the C-RS in adjacent PRBs have been punctured or not. The channel estimation performance may reduce especially when only a few PRBs are assigned to the UE. If the UE want to utilize the cell-specific RS in adjacent PRB always, the puncture may cause terrible results.
In order to insure the UE can utilize the cell-specific RS in adjacent PRBs to estimate the channel, it is better to separate beam-forming area and non-beam-forming area in time domain and/or frequency domain. There are two choices: TDM and FDM.

TDM scheme: the BF UEs and others are assigned to different DL subframes, i.e. one DL subframe only contains BF PDSCH or non-BF PDSCH. The TDM scheme has a fatal defect. Some transmission channels, e.g. the P-BCH, D-BCH, PCH, should not employ the UE specific MIMO technique, since these channels should be detected by all UEs. If some subframes are assigned to adopt BF only, the transmission of such channels will be excluded. 
FDM scheme: the BF UEs and others are assigned to different area in frequency domain in one subframe. The non-BF UEs can utilize the C-RS in adjacent PRBs when the dividing boundary is known. One example is shown in figure 2; the whole system bandwidth is divided into 2 parts, one for BF UEs, and the other for non-BF UEs. The bandwidth of BF and non-BF can be assigned according to the number of BF and non-BF UEs by eNB. If the BF or non-BF occupied the whole bandwidth, it is the same as the TDM scheme, which is also one advantage of FDM scheme. And a potential requirement is that FDM can apply to large bandwidth in future, e.g. 100MHz system.
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Fig 2 Illustration FDM for PDSCH
To reduce the complexity of channel estimation with cell-specific RS, it is also proposed that the bandwidth of beam-forming area is selected from agreed system bandwidth, e.g. 1.4MHz (6RBs), 3.0MHz (15RBs), 5.0MHz (25RBs), etc.
3. Conclusion
For DL transmission, the coexistence of BF and non-BF UEs may cause the coexistence of UE-specific RS and cell-specific RS. We propose that:
· When the UE specific is adopted in PDSCH, the cell specific RS in PDSCH is punctured.

· Cell-specific RS and UE-specific RS should be FDM between non-beam-forming transmission and beam-forming transmission.
The proposals are helpful to reduce the overhead of RS without loss of channel estimation performance.
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