3GPP TSG RAN WG1 meeting #59   





 



 R1-094705
Jeju, Korea, November 9 – 13, 2009
Agenda Item:
7.3.2
Source:
Huawei
Title:
DMRS discussion for rank 5-8 
Document for:
Discussion and decision 
1 Introduction

The DMRS patterns for rank 1-2 and rank 3-4 were agreed during RAN1#58 and RAN1#58bis meeting as shown in Fig.1 and Fig.2 [1-2].

[image: image1.emf]
Fig. 1. Baseline DMRS pattern for rank 1-2
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Fig. 2. Baseline DMRS pattern for rank 3-4
The DMRS pattern for rank 5-8 was discussed, and the following points were noted:
Conclusions:
· Baseline is CDM+FDM for further evaluations.

· Continue the study of SDM for further evaluation

· Same location with same density (24RE per PRB)
FFS:
· Exact mapping

· OCC length(2 or 4)

· Whether or not RB bundling (from rank1 to 8) 

· (If yes) RB-bundling in frequency domain

· UE knowledge of precoding granularity, implicit or explicit, as a function of rank

· Bundling with single or multiple patterns (e.g. pattern rotation)

In this contribution, we further investigate the DMRS pattern for rank 5-8. The DMRS patterns of OCC length-2 and length-4 are compared in terms of complexity of channel estimation and power usage. 
We also consider RB bundling and give a few observations for the further discussion of this option.
2 DMRS patterns of OCC length-2 and length-4
Based on CDM+FDM multiplexing, two DMRS patterns with orthogonal cover code (OCC) length-4 and length-2 are shown in Fig.3 and Fig.4 respectively [3-4].
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Fig. 3. Pattern 1, OCC length = 4
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Fig. 4. Pattern 2, OCC length = 2
Both the patterns are compliant with the baseline pattern for rank 3-4. 
Pattern 1 extends the length of OCC from 2 to 4 in the time dimension. The DMRS of four layers are multiplexed using orthogonal sequences over four REs in time. The DMRS REs are divided into two groups printed in yellow and green respectively.
Pattern 2 uses length-2 OCC and DMRS staggering. The DMRS REs are divided into four groups printed in yellow, green, blue and red respectively. Within each group, the DMRS of two layers are multiplexed using orthogonal sequences over two adjacent REs in time.
These two patterns have different properties with respect to channel estimation, power usage and MU-MIMO which are analyzed below.

2.1 Complexity of channel estimation in the terminal
In order to limit the complexity of channel estimation in the terminal, it is desirable to have a similar operation of the estimation algorithms for all supported transmission ranks. 

It was already noted in RAN1#56bis that the DMRS design for rank 3-8 should “Strive for same REs per antenna port in each Rank” [5]. It was also noted that such a design facilitates MU-MIMO operation.
Modifications in the RE positions of each layer that depend on the total number of layers transmitted should be motivated by clear performance benefits. One should also take into account that operation with high transmission ranks (5-8) is applicable only in very specific environments and may not be the most common mode of operation for R10 systems.
For pattern 1, DMRS RE positions of a given layer are independent of the total number of transmitted layers. The only difference in channel estimation is despreading operation with OCC 4 or OCC 2.  Also the DMRS mapping of each layer in this pattern is identical and symmetric between two slots in one subframe.
For pattern 2, the DMRS REs positions of each layer for rank 5-8 transmission are different from the positions used in lower rank transmission. Here, the DMRS mapping position of four layers are mirror-symmetric to the other four layers. Furthermore, the DMRS mapping position is asymmetric between two slots in one subframe.

These properties of pattern 2 require a different operation of the channel estimation algorithms as a function of the total number of layers and also impose a different operation for the estimation of each individual DMRS layer when more than 4 layers are transmitted.
The main advantage of pattern 2 compared to pattern 1 seems to be the improved sampling properties in the time domain. However, for the specific scenarios where transmission ranks >4 are applicable, i.e. very low mobility and low inter-cell interference, this advantage seems to be marginal.

Based on the analysis of channel estimation performance versus implementation complexity, pattern 1 using length-4 OCC seems to be preferable.

2.2 Power usage and distribution
To sufficiently use the power assigned to each OFDM symbol, equal power across different OFDM symbols should be guaranteed even if the power allocated to each layer is different.

Here pattern 1, has the advantage that each OFDM symbol containing DMRS REs contains the same number of REs per layer within each PRB. In this case, it is easy to guarantee a harmonised power distribution among OFDM symbols carrying DMRS independently of the number of transmission layers and the power allocated to each layer.

Due to the asymmetric design of pattern 2 the power distribution between OFDM symbols carrying DMRS may very depending on the number of layers, the power allocated to each layer and the number of PRBs allocated to the transmission. 
2.3 Preference on the DMRS pattern and OCC length
Based on the analysis above, we propose to:

· adopt pattern 1 in Fig 3 with OCC length 4.
3 RB bundling
RB bundling was proposed [6-7] for higher rank transmission to improve the trade-off between channel estimation loss and overhead. In RB bundling, a few contiguous RBs are scheduled to a UE and the same precoding vector is used for these contiguous RBs. Then the UE may perform joint channel estimation across these contiguous RBs to achieve higher channel estimation accuracy with a low overhead.
In some cases, RB bundling helps to improve the throughput performance. However, RB bundling is also associated with a certain additional complexity and brings constraints on the scheduler and precoding granularity. 
For the further discussion on RB bundling, we think that the following points need further consideration before a conclusion can be taken.
· Configurability, rank dependency and related performance of RB bundling

RB bundling seems to provide advantages in particular for a high number of transmitted layers. So it needs to be discussed if RB bundling should be applied as default starting from a given transmission rank. We note that this would impose constraints on the channel estimation algorithms that depend on the total number of transmitted layers. Additionally, the rank change due to retransmission may lead to different RB bundling operation, thus the detailed design for this needs further study.
Also RB bundling may not be desirable in cases where a high precoding granularity is advantageous, e.g. scenarios with low mobility and high frequency selectivity. The performance loss due to RB bundling should be further evaluated in such cases. Depending on the results,, it needs to be decided if and how RB bundling can be turned off by the network.

· Bundling size and additional signalling

It should be discussed if the bundling size should be variable or fixed and how it depends on the granularity of the CQI/PMI feedback. 
The need of additional signalling should be carefully assessed and additional overhead should be avoided as much as possible. 
· Relation to the agreed DMRS patterns

RB bundling should be based on the agreed DMRS pattern in the past RAN1 meetings for rank 1-4 transmission and pattern with OCC of length-4 as in Fig.3 for rank 5~8.
Much effort has been made for optimizing the DMRS patterns for rank 1-8 per RB, and large progress has been achieved by thorough discussion within the RAN 1 meeting. The benefits of agreed patterns in power usage efficiency, MU-MIMO support, and same REs per antenna port in each rank should remain valid. The design of a potential RB bundling should be consistent with these former conclusions.
4 Conclusions
In this contribution, we further investigate the DMRS pattern for rank 5-8. According to the analysis above, we propose to:
Adopt pattern 1 in Fig 3 with OCC length 4.
Take into account the points we mention in section 3 for the further discussion on RB bundling:

· Configurability, rank dependency and related performance of RB bundling

· Bundling size and additional signalling

· Relation to the agreed DMRS patterns 
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