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1. Introduction

In last several meetings, some decisions were made on demodulation reference signal (DM-RS) pattern design, mainly focusing on Rank 1-4 pattern for normal CP [1]. In addition, it is decided that DM-RS design for extended CP could be introduced in Rel-10 time frame [2].

· Rank 1-2 DM-RS pattern for normal CP was agreed, including normal subframe and DwPTS, as shown in Figure 1. Only one CDM group (as marked in green) is used to multiplex up to 2 layers. OCC with length of 2 is applied.
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Figure 1
Rank 1-2 DM RS pattern for normal CP

· Rank 3-4 DM-RS pattern for normal subframe with normal CP was agreed, as shown in Figure 2. Additional CDM group (as marked in blue) is added to multiplex up to 2 layers. Two CDM groups are FDM multiplexed and each applies OCC with length of 2. With the same design principle, we propose the following patterns for DwPTS as well, as shown in Figure 2. Detailed analysis can be found in [3].
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Figure 2
Rank 3-4 DM-RS pattern for normal CP (pattern for normal CP is agreed and patterns for DwPTS are proposed)
· Rank 5-8 DM-RS pattern for normal CP is being discussed. At RAN1 #58bis, some conclusions were drawn [1]

· Conclusion
· Baseline is CDM+FDM for further evaluations
· Continue the study of SDM for further evaluation
· Same location with same density (24RE per PRB) as the Rank3-4 case
· FFS

· Exact mapping
· OCC length(2 or 4)
· Whether or not PRB bundling (from rank1 to 8)
· (If yes) PRB-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 will further share our views on Rank 5-8 DM-RS design. Firstly, baseline multiplexing scheme of CDM+FDM should be adopted for more than four layers transmission to maintain good consistency with Rank 1-4 pattern. Secondly, we will validate of physical resource block (PRB) bundling for channel estimation and the relation between PRB bundling and DM RS design.
2. Rank 5-8 DM RS design
2.1. Some considerations

PRB bundling is initially proposed for more than four layers DM RS design in [4] and some discussions can be found in [5-8]. Before we draw a conclusion on whether or not to introduce PRB bundling, we should answer the following questions first:
· What’s typical scenario to use PRB bundling?

· It is known that PRB bundling is beneficial to non-frequency-selective channels or less-frequency-selective channels. We’d like to know whether it is also applicable to other channels, otherwise, it is too limiting for the application of more than four layers transmission and demodulation performance cannot be guaranteed.
· How much gain PRB bundling can really obtain?

· We should verify if the gain of PRB bundling is large enough and deserves standardization effort because precoding granularity will be introduced and UE can be implicitly or explicitly informed to apply channel estimation with PRB bundling, 

· What’s the relation between PRB bundling and DM RS pattern?

· We note that if DM RS pattern for beyond four layers is designed and particularly optimized only with PRB bundling, we would introduce two categories of DM RS patterns, i.e., less than four layers and more than four layers. Furthermore, this increases UE implementation complexity and could make MU-MIMO case more complicated. 
2.2. Rank 5-8 DM-RS design
In this section, we provide four candidate DM RS patterns for up to 8 layers for normal CP, as shown in Figure 3, where the patterns with PRB bundling size of 2 are given as an example. All patterns are based on CDM+FDM.
· R8-CDM1: A natural extension based on Rank 1-4 pattern, per PRB optimization
· 12 RE per layer with OCC length of 4

· Bundling with the same pattern across bundled PRBs

· R8-CDM2/R8-CDM3: Optimized for PRB bundling
· 4 RE per layer with OCC length of 2
· Bundling with the same pattern across bundled PRBs

· R8-CDM4: Optimized for PRB bundling
· 6 RE per layer with OCC length of 2
· Bundling with multiple pattern across bundled PRBs (pattern rotation)
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Figure 3
Four candidate DM RS patterns for up to 8 layers 
In Figure 4 the performance comparison between different patterns under EPA channel is shown. Simulation assumptions can be found in the Appendix. Basically, we can conclude that 
· PRB bundling can improve demodulation performance for all patterns, even for R8-CDM1, which is not particularly optimized for PRB bundling
· R8-CDM1 performs best among all patterns if we go per-RB channel estimation. However, R8-CDM 2/3/4 has to rely on PRB bundling to improve demodulation performance.  
· In summary, R8-CDM1 is a pattern independent of PRB bundling and can still achieve better demodulation performance. PRB bundling can exploit additional gain of around 2dB if we increase bundling size.
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Figure 4
Performance comparisons between different patterns with PRB bundling 
In addition, we make further analysis on PRB bundling and DM RS pattern

· The conclusion drawn above is based on EPA channel, which is a very less-frequency-selective channel.. When experiencing a channel with a bit higher frequency selectivity, PRB bundling could no longer take any effect for R8-CDM 2/3/4 and the gain could disappear. Like this, we would limit Rank 5-8 transmission in such a particular scenario and impose the restriction on Rank 5-8 DM RS pattern. In addition, scheduling strategy will be particularly optimized for different cases, e.g. SU-MIMO/MU-MIMO and lower rank/higher rank. 
· It should not have a big step from Rank 1-4 pattern to Rank 5-8 pattern because channel environment could not change so drastically from e.g. Rank 4 to Rank 5. Therefore, striving for a smooth extension is desired.
· If we go R8-CDM 2/3/4 with PRB bundling, precoding granularity will be introduced and power balancing processing will differ from Rank 1-4 to Rank 5-8. This could result in more complicated application for MU-MIMO scheduling. 
· We have observed that PRB bundling can still exploit additional gain of around 1-2dB for R8-CDM1 when channel condition permits. So, the value of PRB bundling should be further validated. 
Proposal: DM RS design in normal CP should not be particularly designed and optimized for PRB bundling
Proposal: R8-CDM1 as a natural extension based on Rank 1-4 pattern should be a baseline pattern supporting up to 8 layers transmission
Proposal: The same principle is proposed for DwPTS and extended CP
2.3. PRB bundling

In this section, we will investigate if RPB bundling is also applicable to lower rank transmission. Here, we evaluate Rank 4 transmission under EPA channel according to DM-RS pattern shown in Figure 2. Figure 5 shows the comparison between different bundling size under 3km/h and 30km/h. We can conclude as
· PRB bundling can improve demodulation performance of around 2dB gain. The Larger the bundling size is, the more the gain is obtained. 
· As speed goes up, the gain improved by PRB bundling is increased.
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Figure 5
Performance comparisons between PRB bundling size for Rank 4

Proposal: FFS on PRB bundling for all ranks
3. Conclusion
Based on the analysis above, we propose the following:
· DM RS design in normal CP should not be particularly designed and optimized for PRB bundling

· R8-CDM1 as a natural extension based on Rank 1-4 pattern should be a baseline pattern supporting up to 8 layers transmission

· The same principles, e.g. CDM+FDM, two CDM groups, are equally applicable to DwPTS and extended CP

· FFS on PRB bundling for all ranks
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Appendix: Simulation assumptions

	Number of Antennae
	8x8, 8x4, uncorrelated antenna

	Carrier Frequency
	2.0 GHz

	System bandwidth
	5M

	Scheduled subcarriers
	72 (6 PRB)

	CP format/Overhead
	Normal CP

The first 3 OFDM symbols for control channel
4 Rel-8 CRS, no Rel-10 CSI-RS

	Channel Model
	EPA 

	Speed
	3km/h, 30km/h

	Rank adaptation
	Fixed rank 4/8

	Precoding
	8TX codebook based precoding

One precoder for 6PRB

	Link adaptation
	On

	Channel estimation
	2D-MMSE filter, PRB bundling size of {1,2,6}

	MIMO detection algorithm
	MMSE

	Channel Coding
	Turbo code

	HARQ
	On

	CDM orthogonal code
	OCC=2: 2-point Walsh code

OCC=4: 4-point Walsh code
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