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1 Introduction
This contribution analyzes the DMRS layer-to-port mapping and associated power allocation on DMRS per layer, in terms of power offset between DMRS RE and PDSCH RE, in normal-CP subframe, especially when the number of total layers is {3,5,7}. 

2 Candidate solutions
This contribution studies three principles for DMRS layer-to-port mapping for rank>2 and the related power offset between DMRS and PDSCH per layer. 
a) Principle A: Each layers maps to one and only one port, given the same total power on each DMRS RE in both CDM groups and the same DMRS RE per-port power in each CDM group. Principle A may result in different power offsets per layer between DMRS and data under different transmission ranks. 
b) Principle B: Each layers maps to one and only one port, with the constant power offset (=2) per layer between DMRS and data. Principle B may result in different total DMRS RE powers in both CDM groups as well as the different total power offsets between DMRS RE and data RE. 
c) Principle-C: Each layer maps to one or two ports, resulting in the symmetric port and power distribution in both CDM groups, as well as small number of power offsets per layer between DMRS and PDSCH. 
Assume R as the total transmission rank, the comparisons of above three principles for R>2 are given in Table 1 of Appendix-A. The top three comparisons in Table 1 show that the three principles are equivalent to each other if R is even. The differences only come from the odd rank cases, which are illustrated in Figure 1 of Appendix-B. 
Intra-CW vs. inter-CW mapping

Though it was shown in [3] that there is no performance difference between intra-CW mapping and inter-CW mapping, intra-CW is somehow preferred in the scheduling of two transport blocks in order to maintain independent channel estimation between two TB’s. Intra-CW can be supported by principle A and B, but not supported by principle C unless the total transmission rank is even. The codeword mapping into CDM groups is shown in Figure 2 of Appendix C.
Implementation complexity

The channel estimation inside UE can be done per CDM group. This is straightforward for principles A and B, where one layer maps to one and only one port. For principle C, the channel estimation on the layer mapping to one port is the same as the channel estimation in principles A/B; the channel estimation for the data RE location x on the layer mapping to two ports (one in each CDM group) can be performed as 
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 is the channel estimation for data RE x based on the DMRS in CDM group i. On the other hand, while principle A and C only need to maintain 2 different power offsets {1,2}, principle A requires UE to maintain total 8 different power offsets ({1,2} plus { 
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{3,5,7}); in addition, for a codeword transmitted over r layers, principle A can have as many as three different DMRS-to-PDSCH power offsets because the total rank R can be anyone from {2r-1, 2r, 2r+1}. Therefore, principle B has the lowest implementation complexity, while both principle A and C require certain additional implementation complexity. 
Performance evaluation
Channel estimation performance in terms of theoretical lower-bound of achievable mean square error (MSE) is studied and compared between principles B and C, in which the same DMRS energy per layer is contributed to channel estimation. The simple algorithm 
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 is assumed for principle C. The numerical results given in Appendix D show that, principle C and principle B have quite similar achievable MSE performance; and for principle C, the MSE on the special layer that maps to two DMRS CDM groups is very close to the MSE on other layers that map to only one CDM group. 
There is another performance related issue not included in above performance evaluation for principle B – intercell interference between the DMRS RE’s. As shown in Table 1, the principle B makes the total DMRS power offsets in two CDM groups equal to 
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 respectively. When this happens in neighboring cell, it causes higher inter-cell interference in one CDM group and therefore unbalanced channel estimation performances in two CDM groups, and also results in biased interference measurement performed on DMRS RE’s. 
 Potential extension in MU-MIMO
There are three candidates now for DMRS dimensioning structure in MU-MIMO: 
a) DMRS RE is restricted to only one (the top) CDM group with OCC=2 and two scrambling sequences. This is quasi-orthogonal DMRS in MU-MIMO. 
b) DMRS RE is restricted to only one (the top) CDM group with OCC up to 4. This is orthogonal DMRS in MU-MIMO.

c) DMRS RE can be in either CDM groups with OCC=2. This is also the structure of orthogonal DMRS. 

Because each UE in MU-MIMO transmission can have at most 2 layers and the DMRS-to-PDSCH power offset of rank<=2 is fixed to 1 only, DMRS structures a) and b) in MU-MIMO do not introduce any difference among three layer-to-port mapping principles discussed in this paper. When DMRS structure c) is used, 
· For layer-to-port mapping principle A, the power offset per layer is the function of total number of layers. Therefore it should be a clean design to inform UE of the total SU/MU rank, which requires 4-bit DCI overhead as described in [5]. 
· For layer-to-port mapping principle B, the power offset per layer is independent from the total transmission rank; however, UE needs to measure the interference from co-scheduled PDSCH in MU-MIMO, which requires UE either to have capability to distinguish between rank 3 and rank 4, or to perform blind estimation of possibly co-scheduled MU layers as Rel-9 UE does in MU-MIMO. Even though the performance could vary between these two types of implementation, the analysis shows that principle B needs 4-bit DCI overhead for both cases.
· For layer-to-port mapping principle C, 
i. No matter whether the total transmission rank is 3 or 4, as long as UE is informed of correct DMRS density, UE should know there are exact 4 DMRS ports in use, and meanwhile it is not necessary to inform UE of the total transmission rank when UE is scheduled with rank-1 in MU-MIMO, because its power offset should be 2 if the scheduled rank-1 layer is chosen from layers {0,2,3}. The ambiguity on power offset between 1 and 2 happens only if UE is assigned with rank-2 transmission or rank-1 transmission with layer index equal to 1. When power offset ambiguities occur, the additional signaling may be needed. 

ii. When it comes to interference estimation in MU-MIMO receiver, because the total power of DMRS in each CDM group is always equal to that of PDSCH, the interference in MU-MIMO can be measured from total DMRS power minus the PDSCH power allocated to measuring UE. 
So, principle C allows UE being informed of its own transmission rank only. The signaling cases are enumerated in Table 2 of Appendix E. It is shown that principle C also requires 4-bit PDCCH overhead. 
3 Conclusions

Based on the analysis in the contribution, we conclude that:
· Principle B has the lowest implementation complexity, while both principle A and C require additional implementation complexity. Meanwhile, principle B and C limit to two different DMRS-to-PDSCH power offsets per layer, while principle A has 8 different offsets in total. 
· Principle A and B can support intra-CW mapping, while principle C cannot unless the total transmission rank is even.

· Principle C and principle B have quite similar MSE performance; and for principle C, the MSE on the special layer that maps to two DMRS CDM groups is very close to the MSE on other layers that map to only one CDM group.

· Principle B could suffer from unbalanced inter-cell interference between DMRS RE’s, which may negatively impact both channel estimation and interference estimation. 

· Three layer-to-port mapping principles do not differentiate from each other in terms of DCI overhead (counted in bit) for SU/MU scheduling. However, if MU-MIMO is established on the orthogonal DMRS with 24 RE/PRB and OCC=2, principle A needs to inform UE of the total transmission rank, while principles B and C does not. 
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Appendix A. Comparison of three design principles (assume R>2 as transmission rank)
	
	
	Principle A
	Principle B
	Principle C

	Number of ports per CDM group
	CDM group 1
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	Power offset (PO) per layer
	CDM group 1
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	Total power offset relative to data
	CDM group 1
	1
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	One-to-one mapping between layer & port?
	Y
	Y
	No. One layer maps to 2 ports if odd rank

	Need additional signaling in case of SU-MIMO?
	N
	N
	N

	Support intra-CW mapping?
	Yes except 1 CW of rank-3
	No unless the total rank is even

	Balanced channel est. performance per codeword?
	Yes for intra-CW mapping, except 1 CW of rank-3 
	Y
	Y

	Potential inter-cell interference issue?
	N
	Y
	N

	Total number of power offsets (including rank<=2)
	8
	2
	2

	Different power offsets per CW with given rank 
	3
	1
	1

	
	
	
	
	


Table 1 Comparison of three principles

Appendix B. Layer-to-port mapping and power allocation given odd rank 
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Figure 1 layer mapping and power allocation principles for odd rank

Appendix C. Codeword mapping to CDM groups of DMRS 
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(a). For principle A and principle B
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(b). For principle C

Figure 2 Codeword mapping to DMRS CDM groups
Appendix D. Channel estimation MSE for principle B and principle C
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(c). Rank-7, 
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Appendix E. PDCCH signaling overhead based on layer-to-port mapping principle C
	UE rank
	DMRS density

(RE/PRB)
	Layers allocated
	DMRS-to-data power offset per layer
	SU/MU MIMO

	R=1
	12
	0
	1
	SU or R9 MU

	
	
	1
	1
	

	
	24
	0
	2
	R10 MU (TBD)

	
	
	1
	1
	

	
	
	
	2
	

	
	
	2
	2
	

	
	
	3
	2
	

	R=2
	12
	0,1
	1,1
	SU or R9 MU

	
	24
	0,1
	2,2
	R10 MU (TBD)

	
	
	
	2,1
	

	
	
	2,3
	2,2
	

	
	
	
	2,1
	

	R
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{3,5,7}
	24
	0~(R-1)
	(R-1) 2’s, one 1’s
	SU

	R
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{4,6,8}
	24
	0~(R-1)
	R 2’s
	SU


Table 2 DMRS signaling cases for layer-to-port mapping principle C
With power offset information excluded: 

· For 1TB with 1
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4, there are 11 signaling cases requiring 4-bit overhead.

· For 2TB with 2
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8, there are 9 signaling cases requiring 4-bit overhead.
With power offset information included: 

· For 1TB with 1
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4, there are 14 signaling cases requiring 4-bit overhead.
· For 2TB with 2
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8, there are 11 signaling cases requiring 4-bit overhead.
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