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1 Introduction

In RAN1-58, CDM based DM-RS design for rank 1~2 were almost agreed as in Fig.1 [1], while the FDM/CDM hybrid DMRS design for rank 3 ~ 8 as Fig.2 is supported by most companies [2~6] due to its robust performance over pure CDM scheme.
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Fig. 1 CDM 12RE for rank 1~2                         Fig. 2 CDM+FDM 24 RE for rank 3~8

Fig. 1and Fig. 2 imply that cell frequency shift up to 3 cells is not available for current DM-RS design. In case of DM-RS power boosting, overlapped DM-RS among adjacent cells may cause performance loss due to inter-cell interference (ICI). Although coordinated beamforming or coordinated scheduling can solve such ICI effects in some scenarios, coordination among interfering and interfered cells is not always available. Then adoption of equal EPRE for DM-RS REs and PDSCH REs constraint is an alternative considering the following aspects:

· There is no difference in terms of power between DM-RS REs and PDSCH REs observed from interfered UE in adjacent cells. 
· No requirement for coordination operation, so suitable for both CoMP & non-CoMP case
However, with the introduction of FDM and the constraint of equal EPRE,  the issue of layer specific power offset from DM-RS to data may occur as pointed out in [2]. For the correct QAM demodulation, this layer specific power offset should be known to UE. Especially if such offset can not be assumed in the UE side, additional signalling is required for the notification purpose.
2 DM-RS allocation and layer-specific power offset 
2.1 DM-RS allocations and power offset change
In RAN1-57 meeting, the codeword-layer mapping for LTE-A is agreed as in Fig. 3:       
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Fig. 3 Agreed codeword-layer mapping for LTE-A
However, the DM-RS pattern in Fig. 2 and CW-layer mapping in Fig. 3 does not indicate patterns of DM-RS port. From the two figures, it is most simple and straightforward to have the DM-RS ports relating to one codeword being assigned at same subcarrier, see Fig. 4. But as in the following analysis, we see that such straightforward assignment causes issue in layer specific power offset.
In case of two CW transmissions, the link adaptation depends on the CW, so the power for each CW is adaptive typically according to the selected coding and modulation style. However, under equal EPRE constraint, the layer specific power offset may change when PDSCH power changes with link adaptation. In the following part of this section, we use rank 3 as an example to illustrate this problem.  
To simplify the problem, the power settings for the layers mapped to the same CW are assumed to be identical. However, we are aware of the possibility that power of layers could also be adjusted even in one CW due to some implementation considerations. In that case, the problem raised here becomes more complicated and needs further careful investigations. 
DM-RS allocations and CW-layer mapping are illustrated in Fig. 5. It is assumed that the total power of one OFDM symbol in one RB is P, with equal EPRE assumption, EPRE for DM-RS REs and PDSCH REs are both P/12. 
If the data power of CW1 doubles, i.e, from P/36 to P/18 for layer#0, the EPRE of PDSCH REs is increased from P/12 to P/9. Due to the constraint of equal EPRE for DM-RS and PDSCH REs, the DM-RS power for layers #0~#2 will be P/9, P/18 and P/18, respectively. Then the power offsets for layers #0 ~ #2 will change as concluded in Table 1. It could be verified that similar problem also holds for rank 4~8.
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Fig. 4  A straightforward DM-RS allocation scheme
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Fig. 5  Illustration of the straightforward DM-RS allocation for rank 3

Table 1.  Layer specific DM-RS power offsets changes for rank 3
	
	Powers before adjustment
	Powers after adjustment

	
	DMRS
	Data
	offset
	DMRS
	data
	offset

	CW1
	Layer#0
	P/12
	P/36
	3
	P/9
	P/18
	2

	CW2
	Layer#1
	P/24
	P/36
	1.5
	P/18
	P/36
	2

	
	Layer#2
	P/24
	P/36
	1.5
	P/18
	P/36
	2

	EPRE
	P/12
	P/12
	1
	P/9
	P/9
	1


2.2 Layer specific power offset notification
In section 2.1, we show that with equal EPRE constraint, the power adjustment for the CW will result in changes of layer specific DM-RS power offset. Since this power offset is important for correct QAM demodulation, it should be known to UE by proper ways. We list three alternatives through which UE can obtain this power offset:
(a) Explicit signalling 
· This method is always feasible, but it is at the expense of signalling overhead. If the speed of link adaptation is fast, such overhead may be large.

(b) Implicit signalling
· If the power adaptation for all CW is known to UE, then the corresponding changes of power offsets can be assumed in the UE side  

· This method may be feasible for single user case. However in multi-user case, it may be difficult to inform one UE about power adjustment for the other UE, especially in MU-CoMP case. 

(c) Constant power offset

· This method keeps the power offset for each layer constant even when PDSCH power changed.

· With the constant power offset for each layer, it is not necessary for UE to be aware of the CW power changes and DM-RS power offset changes. 
In the following part of this contribution, we discuss one possible solution for alternative (c). 

3 DM-RS allocation with constant layer-specific power offset
The reason for the problem raised in section 2.1 is that DM-RS for CW1 and CW2 are FDM multiplexed as shown in Fig 4, i.e. the DM-RS ports relating to one codeword only occupies one subcarrier.  With equal EPRE constraints, power adjustment for one CW will result changes of power offset for ports mapped to different CW (as already shown in table 1). 

Here, we propose a simple but effective solution to this problem, i.e. DM-RS allocation for different ports are jointly considered with CW-layer mapping. The main points of the solution are described as following:  

a) For CW with even number of layers, DM-RS ports are alternatively mapped into two different subcarriers (green and pink colour REs in Fig. 6 respectively). 

b) For CW with odd number of layers, the last DM-RS port is simultaneously mapped into two different subcarriers (green and pink colour REs in Fig. 6 respectively); the left even number of ports are still alternatively mapped into green and pink colour REs similar as in a).
c) Ports alternatively mapped into two different subcarriers have constant power offset of 3 dB; Ports simultaneously mapped into two different subcarriers have constant power offset of 0 dB. 
DM-RS allocation for rank 3~ 8 using the above solution is shown in Fig. 6.  

With the proposal in Fig 6, we repeat the example in Table 1, the result is concluded in Table 2. Comparing with Table 1, it is easy to find that the power offsets remain constant before and after power adjustment. A more general formula illustration of this scheme is provided in Table 3 in the Appendix.
Table 2.  Layer specific DM-RS power offsets for rank 3 with proposed DMRS allocations
	
	Powers before adjustment
	Powers after adjustment

	
	DMRS
	data
	offset
	DMRS
	data
	offset

	CW1
	Layer#0
	P/36
	P/36
	1
	P/18
	P/18
	1

	CW2
	Layer#1
	P/18
	P/36
	2
	P/18
	P/36
	2

	
	Layer#2
	P/18
	P/36
	2
	P/18
	P/36
	2

	EPRE
	P/12
	P/12
	1
	P/9
	P/9
	1
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Fig. 6  Proposed DM-RS allocation for rank 3~8 

4        Conclusion
This contribution discussed the DM-RS design for rank over 3 under the constraint of equal EPRE for DM-RS and PDSCH. We proposed a new DM-RS design & allocation for rank 3~8 as shown in Fig 6. With the proposed DM-RS design, power offset of each layer is maintained constant regardless of PDSCH power adjustment and thus eliminate the need of UE signalling for the power offset notification.
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Appendix

Table 3.  Formula illustration of constant power offset
	
	Powers before adjustment
	Powers after adjustment

	
	DM-RS
	data
	offset
	DM-RS
	data
	offset

	CW1
	Layer#0
	d1
	d1
	1
	a*d1
	a*d1
	1

	CW2
	Layer#1
	2d2
	d2
	2
	b*2d2
	b*d2
	2

	
	Layer#2
	2d2
	d2
	2
	b*2d2
	b*d2
	2

	EPRE
	2d2+d1
	2d2+d1
	1
	b*2d2+a*d1
	b*2d2+a*d1
	1


Table 3 gives a formula illustration of constant power offset with the proposed solution. In the table,  the original power of layer #1 & #2 is d2, so the corresponding DMRS power is 2d2; the original power for layer #0 is d1, so the corresponding DM-RS power is d1. Then if power of CW 1 becomes a times of d1 and power of CW 2 becomes b times of d2, with our proposal, the DM-RS power offset for each layer remains constant while the EPRE for DM-RS REs equals the EPRE for PDSCH REs.   
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