3GPP TSG RAN WG1 Meeting #59

                                                           R1-094507
Jeju, Korea, 9th – 13th November, 2009
Source:
Panasonic
Title:
Joint consideration of DL DM-RS design and codeword-layer mapping for rank over 3
Agenda Item:
7.3.2 DM RS for rank 5-8
Document for:
Discussion/Decision
1 Introduction

In RAN1-58bis, CDM based DM-RS for rank 1~2 in Fig.1 and CDM+FDM based DMRS was agreed as baseline for rank 3 ~ 8 as in Fig.2 [1~5]. 
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Fig. 1 CDM 12RE for rank 1~2                 Fig. 2 CDM+FDM 24 RE for rank 3~8
Fig. 1 and 2 imply that cell frequency shift up to 3 cells is unavailable. The overlapped DM-RS among adjacent cells may cause inter-cell interference (ICI). Then equal EPRE for DM-RS REs and PDSCH REs can be assumed [6]. However the constraint of equal EPRE will result varying layer specific power offsets [6]. We explain the problem of layer specific power offsets in section 2 and our solution is in section 3. 
2 DM-RS allocation and layer-specific power offset 
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. 1~2 and CW-layer mapping in Fig. 3 do not indicate patterns of DM-RS port. For Fig. 1~3, it is the simplest and straightforward to have the DM-RS ports relating to one codeword being assigned at the same subcarrier, see Fig. 4. 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 (To simplify the problem, the power settings for the layers mapped to the same CW are assumed to be identical.). However, under equal EPRE constraint, the layer specific power offset may change when PDSCH power changes with link adaptation, which is shown by an example on the following part.
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 ports #0~#2 will be P/9, P/18 and P/18, respectively. Then the power offsets for ports #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


Since the power offset discussed on the above is important for correct QAM demodulation, it should be known to UE. Explicit or implicit signalling would be a possibility, which is however at the expense of signalling overhead. An alternative is to keep the power offset for each layer constant even when PDSCH power changed, which is the focus of this contribution.  
3 DM-RS allocation with constant layer-specific power offset
The reason for the problem raised on the above is that DM-RS for CW1 and CW2 are FDM multiplexed.  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 follows and are also illustrated is in Fig. 6: 
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. 
Comparing Fig 4 with Fig 6, it is found that our proposal map some ports of rank 3,5,6 and 7  into two adjacent subcarriers; while a port in Fig.4 is always mapped into a single subcarrier. With our 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 3~4 and rank 5~8 of OCC length 4 

4        Conclusion
This contribution discussed the DM-RS design for rank over 3 under the constraint of equal EPRE for DM-RS and PDSCH. In order to maintain power offset of each layer constant regardless of PDSCH power adjustment, we propose that some ports of rank 3, 5, 6 and 7 could be mapped to two adjacent subcarriers, which are shown as examples in Fig 6. 
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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 for layer #0 is d1, so the corresponding DM-RS power is d1; the original power of layer #1 and #2 is d2, so the corresponding DMRS power is 2d2. 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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