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1. Introduction
The DMRS patterns for rank 1-8 for normal CP were agreed. Whether using PRB-bundling in frequency domain for rank 1-8 was required further study.
In this contribution, we provide further evaluation on PRB-bundling for rank 1-8 transmissions. 
2. Discussion
PRB bundling is initially proposed for high rank DMRS design and was still discussed recently in RAN1 #59bis meeting [1-4]. Before we draw a conclusion on whether or not to introduce PRB bundling, we should analyze following aspects firstly.
2.1. Scenario
It is known that PRB bundling is beneficial to small delay spread or less-frequency-selective channels. But in real applications, channel delay spread varies in different scenarios. Therefore, it should be verified that PRB bundling can bring stable gain in different channel conditions.
2.2. Bundling size
In order to obtain adequate channel estimation accuracy, we always increase channel estimation granularity. This then requires a large bundling size which implies a large precoding granularity. Generally, larger the precoding granularity, lower is the precoding gain. Therefore, an appropriate choice for bundling size is necessary to obtain significant gain of PRB bundling. 
In the following section, performance gain of different bundling sizes in typical channel conditions will be provided.
2.3. Complexity
When PRB bundling is applied to multiple consecutive resource blocks, such a system will incur more additional scheduling constraint due to inconsistency of resource allocation and bundling granularity. In consequence, the implementation could become more complicated. Therefore, the trade-off between complexity and gain of PRB bundling should be investigated further.
3. Simulation results
In this section, we analyze PRB bundling for rank up to 8 with link-level evaluations. The basic transmission assumption is SU-MIMO with two codewords. The four different ranks, such as 2, 4, 5 and 8, are chosen for analysis and the corresponding DMRS patterns are used. The BLER performance of three bundling sizes, i.e., 1, 2 and 6, are compared. More simulation assumptions can be found in Appendix.
Figures 1~4 plot the BLER of PRB bundling for rank 2, 4, 5 and 8 transmission respectively. It can be observed, even assuming less-frequency-selective channels (EPA channels), performance gain of PRB bundling for low rank transmissions is less than 0.5 dB. And the gap of performance gain between different bundling sizes, such as 2 and 6, is nearly negligible. Obviously, when assuming highly frequency-selective channels, such as ETU channels, performance gain of PRB bundling will be decreased and even becomes worse. However, in case of rank 8 transmission, PRB bundling can provide additional gain of around 1.0 dB.
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(a) EPA                                                                   (b) ETU
Figure 1 performance of PRB bundling for rank 2 transmission with OCC length = 2

[image: image3.emf]5.5 6 6.5 7

10

-3

10

-2

10

-1

10

0

Rank-4 DMRS OCC=2, EPA, 3kmph, 16QAM

Es/No (dB)

BLER

bundling size = 1

bundling size = 2

bundling size = 6

 [image: image4.emf]5.5 6 6.5 7

10

-2

10

-1

10

0

Rank-4 DMRS OCC=2, ETU, 3kmph, 16QAM

Es/No (dB)

BLER

bundling size = 1

bundling size = 2

bundling size = 6


(a) EPA                                                                   (b) ETU
Figure 2 performance of PRB bundling for rank 4 transmission with OCC length = 2
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Figure 3 performance of PRB bundling for rank 5 transmission with OCC length = 4
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Figure 4 performance of PRB bundling for rank 8 transmission with OCC length = 4

4. Conclusions
In this contribution, we discuss PRB bundling for downlink rank 1-8 transmissions. Link level simulation results show that the performance gain of PRB bundling is negligible in low rank scenarios. In highly frequency-selective channels, the performance gain will disappear and even become worse. Therefore, based on the discussion and simulation results, we summarize that
· PRB bundling is not applicable for low rank transmission, such as rank up to 4.

· PRB bundling for high rank transmission, such as rank 5-8, should be carefully investigated.
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6. Appendix
Table1  Simulation assumptions
	Parameter

	Assumption

	Antenna configuration
	8x8(ULA)

	Distance of UE antennae
	0.5 lambda

	Distance of BS antennae
	0.5 lambda

	Bandwidth
	5M

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

	Channel model
	LTE_EPA, ETU

	MCS 
	16QAM

	Channel code
	Turbo code (R1/2)

	Carrier frequency
	2.0 GHz

	MIMO detection algorithm 
	MMSE

	Codeword number
	2

	Rank adaptation
	Fixed rank 2, 4, 5, 8

	Scheduled resource block
	6 PRB, contiguous allocation

	Precoding 
	Codebook based precoding,
precoding granularity= PRB bundling size

	CQI/Precoding feedback
	Perfect feedback, feedback delay 5ms

	Pilot overhead 
	DMRS: 12RE per PRB per port 

	DMRS pattern 
	OCC length-4,-2 Walsh code

	UE mobile speed
	3 kmph








