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1 Introduction

Some agreements [1] on downlink UE-specific demodulation reference signal (DMRS) have been made as following:

· Estimates of RS overhead for evaluations (assuming normal CP)

· DM-RS
· Rank 1 transmission: 12 REs per RB (same overhead as Rel-8)
· Rank 2 transmission: 12 REs per RB to be confirmed
· Rank 3-8 transmissions: max 24 REs (total) per RB
· Strive for same REs per antenna port in  each Rank
· Strive for same CSI RS and DM-RS patterns regardless of subframe type (DL Rel-8 or DL LTE-A subframes)

· DM-RS in support of up-to 8 transmission layers will need to be defined

Given the above numerical information, this contribution analyzes additional guidelines for DMRS design and shows some DMRS patterns based on these guidelines.
2 Further guidelines on DMRS design
1) DMRS density
It is agreed in RAN1 that 12-RE per RB is the DMRS density for 1-layer transmission. Meanwhile, 24-RE per RB, as the upper-bound of DMRS density, is most-likely the density for 8-layer transmission due to the channel estimation performance requirement and its property of integer multiplication of 12-RE-per-RB density. In fact, most of companies interested in DMRS design have included 24-RE-per-RB in their 4-layer DMRS study ([2]-[7]). The question would be whether some other DMRS densities except 12-RE-per-RB and 24-RE-per-RB are needed. 
The simulations in [8] show that, for 4-layer transmission, 16-RE-per-RB could lead to higher spectrum efficiency than 24-RE-per-RB. On the other hand, however, the more different DMRS densities for different total number of layers, the higher signaling overhead that is required to send from eNB to inform UE of the currently used DMRS density when UE is dynamically paired with other UE’s in MU-MIMO scenario. In addition, the introduction of many different DMRS densities may increase the implementation complexity inside UE.  Therefore, it is our preference that (Proposal-1)
· Only two types of DMRS density are defined in R10: 12-RE-per-RB used for 1-layer and 2-layer transmission, and 24-RE-per-RB used for transmission of 3 and up to 8 layers. 
· L1 downlink control signaling is needed to inform UE which type the transmission belongs to.
· In MU-MIMO transmission, the DMRS density type should depend on the total number of layers summed up from all multiplexed UEs.  
2) DMRS with v-shift enabled vs. disabled

The DMRS design with v-shift function enabled was studied in [9]. If v-shift function is removed from Rel-10 DMRS, two different issues could arise in the asynchronous network:
a) The interference from DMRS to DMRS/CRS in neighboring cells
If the DMRS RE and DMRS/CRS RE from adjacent cells overlap on each other, even though the DMRS can be designed to achieve equal PSD over DMRS RE and data RE, depending on adopted precoding matrix and channel characteristics, the instantaneous interference from certain colliding DMRS RE can be still large and constant until the precoding matrix is changed. 
b) The interference to DMRS from CRS in neighboring cells
In R8 LTE, CRS’s from neighboring cells are shifted on frequency domain to avoid constant inter-cell interference to each other. The same principle should apply in R10 to avoid constant interference from CRS to DMRS. 
Proposal-2: Both v-shift enabled DMRS and v-shift disabled DMRS should be considered in further study. 
3) DMRS RE set per layer 

Assume in general 
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 as the set of DMRS RE locations on l-th layer given the total number of layers equal to L. The rule of 
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 could help to:
· Make the UE pairing transparent to participating UE in MU-MIMO. 
· Reduce the implementation complexity inside UE;
On the other hand, according to proposal-1, UE anyway needs to know whether L>2. Therefore, this design rule can be separately applied to case of 
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 and L>2. 
Assume 
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 as the set of 12 DMRS RE locations when L={1,2}. Then, 
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. We also need to balance the channel estimation performance on each layer in the multi-layer transmission, i.e., each layer should at least have the same number of DMRS RE’s, which means 
[image: image6.wmf](

)

1

2

=

=

l

C

L

 should also contain 12 DMRS RE’s. Therefore, 
Proposal-3: CDM should be used as DMRS multiplexing scheme for 
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, and 
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When L>2, the equal PSD (EPSD) property of DMRS is desired [10].  Given the same number of DMRS RE’s per layer (
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 should be satisfied for as many L for 
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 as possible, where 
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 is integer and indicates the CDM dimension on each RE in case of EPSD. The values on 
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 to offer EPSD property for different L are listed in Table 1.
	L
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 qualified for equal power density

	3
	{8,16,24}

	4
	{6,12,18,24}

	5
	{24}

	6
	{4,8,12,16,20,24}

	7
	{24}

	8
	{3,6,9,12,15,18,21,24}


Table 1 Number of DMRS RE per layer allowing equal power density
It can be seen from Table 1 that 
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 is the best value in the sense that it can give EPSD property for any L. The next favorite value for 
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 is 12, which gives EPSD property for three different L ({4,6,8}). All the other choices on 
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 can only result in EPSD for up to two different L. Besides the benefit on EPSD feature, 
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 also matches the DMRS density per layer for 
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. Therefore it is suggested to narrow down the DMRS pattern design with the condition of 
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Meanwhile, assume
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 as the set of 24 DMRS RE locations when L>2. Because 
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 and 
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, in order to balance the number of DMRS RE’s on each layer when L=8, we have 
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, that is, CDM should be used between layers {0,1,2,3} and layers {5,6,7,8}. It should be pointed out that the layer indices can be re-ordered without loss of validation of above results. It can be easily proved that both 
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, there would be two groups of layers multiplexed in FDM/TDM to fill in 
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Based upon above analysis, it is recommended that
Proposal-4: for L>2, two categories of DMRS patterns are considered:

a) 
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. This is the full-scale CDM-only scheme; or 
b) Each layer has 12 DMRS RE’s; the DMRS RE multiplexing across L layers is constructed by two layer-groups with FDM/TDM as inter-group multiplexing and (
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)-dimension CDM as intra-group multiplexing respectively in each group.
4) Layer indices ordering in MU-MIMO

Layer index ordering for MU-MIMO is not an issue for 
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 as well as L>2 with full scale CDM-only multiplexing. For L>2 multi-layer transmission with hybrid DMRS multiplexing, layer assignment can be done in ascending order.  The two layer groups that are FDM/TDM with each other contain layers {0,2,4,6} and {1,3,5,7} respectively, while the scheduled PDSCH for a single UE could be allocated to layers in ordering of {0,1,2,3,4,5,6,7}.  For MU-MIMO, next multiplexed UE will continue to use next available layer index.  Note that this ordering keeps the power balancing between two layer groups.    
Proposal-5: When L>2 and hybrid CDM+FDM/TDM is used for DMRS multiplexing, the layer indices are assigned in such a way that the two layer groups that are FDM/TDM with each other contain layers {0,2,4,6} and {1,3,5,7} respectively.
5) Support of channel estimation across multiple contiguous RB 

It was declared that the channel estimation over the multiple contiguous RB’s can bring better channel estimation performance [10]. On the other hand, whether or not to perform channel estimation over multiple contiguous RB’s should be an implementation choice in UE. From the implementation point of view, it is beneficial to have the symmetric DMRS RE distribution per layer within single RB and across neighboring RB’s. It is also convenient in implementation to have 
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Proposal-6: The DMRS design should strive for the symmetric DMRS pattern per layer within single RB and across neighboring RB’s. In addition, 
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3 DMRS pattern candidates

The DMRS pattern design could be different depending on whether v-shift is enabled or not, since the overall DMRS RE set 
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 is different upon different choice on v-shift. Because the full-scale CDM-only pattern for 
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 is determined, this section only shows our considerations to hybrid CDM+FDM/TDM patterns.
1) If v-shift is disabled
There could be two kinds of patterns for L>2 as shown in Figure 1 (a) and Figure 1 (b), depending on whether the four CDM multiplexed DMRS RE’s are allocated adjacent to each other. Nevertheless, both patterns under L>2 suggests the same DMRS pattern for 
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, as shown in Figure 1 (c).
2) If v-shift is enabled
One of 
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 pattern candidates in [9] is chosen for DMRS RE assignment per layer, as shown in Figure 2. 
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(a). v-shift disabled, L>2        (b). v-shift disabled, L>2      (c). v-shift disabled,
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Figure 1 DMRS patterns with v-shift disabled
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(a). v-shift enabled, L>2                (b). v-shift enabled,
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Figure 2 DMRS patterns with v-shift enabled
4 Conclusions

This contribution analyzes the DMRS design criteria and makes following proposals:
1) Only two types of DMRS density are defined in R10: 12-RE-per-RB used for 1-layer and 2-layer transmission, and 24-RE-per-RB used for transmission of 3 and up to 8 layers. 

· DMRS RE set of 12-RE-per-RB is subset of that of 24-RE-per-RB. 

· The DMRS density should depend on the total number of layers summed up from all multiplexed UEs and should be informed to UE by L1 control signaling.
2) When 
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, the same set of 12 DMRS RE’s should be used for L=1 and L=2, and CDM-only multiplexing is applied when L=2. 
3) When L>2, the further study should be limited to either full-scale CDM-only multiplexed DMRS pattern, or the hybrid CDM+FTDM multiplexed DMRS patterns with following properties:
· DMRS RE’s multiplexed across L layers is constructed by two layer-groups with FDM/TDM as inter-group multiplexing and (
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)-order CDM as intra-group multiplexing. 
· The layers in each group have 12 DMRS RE’s per layer.
· The two layer groups contain layers {0,2,4,6} and {1,3,5,7} respectively.
4) The DMRS design should strive for symmetric DMRS pattern per layer within single RB and across neighboring RB’s. 
5) Both v-shift enabled DMRS and v-shift disabled DMRS should be considered in further study.
The performance analysis and evaluation for the DMRS patterns in section 3 are given in separate contributions. 
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