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1. Introduction

DwPTS in EUTRA TDD can support all DL transmissions features including beam-forming and distributed transmission. In RAN1 #50, the slot-based hopping scheme is agreed for downlink distributed transmission. But for certain DwPTS configurations, current hopping scheme is not proper for the distributed beam-forming transmission. In this contribution, we discuss two modified hopping schemes which could be used for all the configurations of DwPTS.

2. Discussion

2.1 Current hopping scheme

The DRS patterns for TDD were agreed in RAN1 #52 meeting. Fig.1 shows the patterns in downlink distributed channel by slot-based hopping. For different configurations, the number of OFDM symbols in DwPTS is 3, 9, 10, 11 or 12 for normal CP case and 3, 8, 9 or 10 for extended CP case. Denoting the symbol number in DwPTS as N, the idle resource in DwPTS can be applied to any DL data transmission when
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It was observed [1] that if using slot-based distributed beam-forming transmission in DwPTS with 9 OFDM symbols (normal CP case), there will be no DRS in the 2nd distributed part (as shown in Fig 2) where the receiver can not carry out efficient channel estimation. So some modification on existing hopping scheme shall be made to well support the distributed BF transmission for all DwPTS configurations.
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Fig. 1 DRS pattern in downlink distributed channel
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Fig. 2 DRS of DwPTS with 9 OFDM symbols for normal CP

2.2 Suggested hopping scheme

Two factors are important for the performance of distributed channel: frequency diversity gain and channel estimation. From the scheme in [1], it can be found that the two distributed parts are approximately equal in time domain, thus the most frequency diversity gain can be achieved. On the other hand, the whole system performance is limited by the worst-performing distributed part, and therefore it is better to have similar DRS distribution for the two parts, which can guarantee both parts have the similar channel estimation performances. Based on simulations in chapter 3.2, it can be found that using different hopping patterns can obtain significant detection performance gains. 
2.2.1 Equal division hopping scheme

An equal division hopping scheme was discussed in [1]. The scheme uses a different symbol position when hopping to the other frequency, and the hopping position changes with the DwPTS configuration, as
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where 
[image: image5.wmf]N

 is the OFDM symbol number in DwPTS, and the hopping position is always approximately in the middle of PDSCH region in DwPTS. This scheme mainly focuses on the frequency diversity gain, and based on the ideal channel estimation, the most diversity gain can be obtained. 
2.2.2 Fixed hopping point scheme

Considering the balance of channel estimation, fixed hopping scheme is proposed, in which the hopping position is fixed at 
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 for all the DwPTS configurations in both normal CP and extended CP cases. 
For nomal CP case, this scheme can guarantee the densities of DRS for both parts are close as shown in Table 1, which implies that the similar channel estimation performances for two parts can be reached. 
For extended CP case, this scheme has almost the same pattern as it using equal division (shown in Table 2). When DwPTS=8,9 OS, both schemes have totally same hopping pattern; when DwPTS=10 OS, the difference between two schemes is small. So it can be inferred that the performances of two schemes for extended CP would be very close.
Observing simulation results, it can be found that the impact of channel estimation performance is more than frequency diversity gain, mostly. So using fixed hopping point can obtain a better system performance. 
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Fig. 3 Fixed hopping point scheme for normal CP case
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Fig. 4 Fixed hopping point scheme for extended CP case

Table 1 DRS density for distributed parts in DwPTS (normal CP)

	Configuration
	Equal division hopping scheme
	Fixed hopping point scheme 

	DwPTS
	PDCCH
	Hopping Part0
	Hopping Part1
	|Δ|
	Hopping Part0
	Hopping Part1
	|Δ|

	
	
	# of  symbols
	DRS overhead
	# of  symbols
	DRS overhead
	
	# of  symbols
	DRS overhead
	# of  symbols
	DRS overhead
	

	12 OS
	2 OS
	7 OS
	12%
	5 OS
	6.12%
	5.88%
	5 OS
	10.34%
	7 OS
	8.57%
	1.77%

	
	1 OS
	
	9.68%
	
	6.12%
	3.56%
	
	7.32%
	
	8.57%
	1.25%

	11OS
	2 OS
	6 OS
	7.32%
	5 OS
	12%
	4.68%
	
	10.34%
	6 OS
	9.68%
	0.66%

	
	1 OS
	
	5.66%
	
	12%
	6.34%
	
	7.32%
	
	9.68%
	2.36%

	10 OS
	2 OS
	6 OS
	7.32%
	4 OS
	15.79%
	8.47%
	
	10.34%
	5 OS
	12%
	1.66%

	
	1 OS
	
	5.66%
	
	15.79%
	10.13%
	
	7.32%
	
	12%
	4.68%

	9 OS
	2 OS
	5 OS
	10.34%
	4 OS
	7.32%
	3.02%
	
	10.34%
	4 OS
	7.32%
	3.02%

	
	1 OS
	
	7.32%
	
	7.32%
	0%
	
	7.32%
	
	7.32%
	0%


Table 2 OFDM symbol numbers of distributed parts in DwPTS (Extended CP)
	Configuration
	Equal division hopping scheme
	Fixed hopping point scheme

	DwPTS
	PDCCH
	
	

	10 OS
	2 OS
	(3,5)
	(4,4)

	
	1 OS
	(4,5)/(5,4)

	9 OS
	2 OS
	(3,5)

	
	1 OS
	(4,5)

	8 OS
	2 OS
	(3,3)

	
	1 OS
	(4,3)


3. Comparison and analysis

3.1. Impact to the current specifications
For both schemes, slight adjustment is needed in the 36.211; both have no impact for RAN2 and RAN3, and would not increase additional test case for RAN4. Comparing to the equal division scheme, the fixed hopping scheme has lower complexity for system design.
3.2. Performance

A possible problem of equal division hopping scheme is the uneven DRS distribution. For example, when DwPTS has 12 OFDM symbols and PDCCH occupies 2 OFDM symbols, according to the formula in [1], the hopping position is:
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It can be found that in the first part, two columns of DRS exist in PDSCH which has 5 OFDM symbols. However, in the second part, only one column of DRS exists in PDSCH which also has 5 OFDM symbols. This would cause different detection performances for the two parts, and then the performance of the second part, i.e. the worse part, would impact the whole performance.
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Fig. 5 Equal division hopping scheme of DwPTS with 12 OFDM symbols
Some simulations are implemented to determine the optimal hopping scheme. The parameters are given in table 3 and simulation results are shown as below. Different DwPTS configurations are considered. From the Figure 6-8, it can be found that both proposed scheme have better (or similar) performances than slot-based hopping scheme, mostly. For most of configurations, the fixed hopping point scheme could obtain more gain than the equal division scheme, and the gain would become significant for QAM modulation symbol.
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Fig.6 System performances for QPSK, R=1/2
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Fig.7 System performances for 16QAM, R=1/2
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Fig.8 System performances for 64QAM, R=3/4

Table 3 Simulation parameters 

	Parameter
	Assumption

	Bandwidth(MHz)
	5.0

	CP length
	Normal

	Antenna configurations
	8×2 beam-forming

	DVRB
	Index of PRB:0&12

	MCS
	QPSK(1/2), 16QAM(1/2), 64QAM(3/4)

	Channel estimation
	Real 2DMMSE in distributed part

	Channel
	TU 30 kmph /120 kmph


4. Conclusion
This contribution discusses the hopping schemes for BF transmission in DwPTS, and two modified hopping schemes are presented. The simulation results show that both of two modified schemes can get performance gains, mostly. Considering the better performance and simplifying system design, we propose using the fixed hopping point scheme to support distributed BF transmission in DwPTS.
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6.2.3.2
Virtual resource blocks of distributed type
Virtual resource blocks of distributed type are mapped to physical resource blocks as described below.

Table 6.2.3.2-1: RB gap values
	System BW (
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	1st Gap (
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	2nd Gap (
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	6-10
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	N/A

	11
	4
	N/A

	12-19
	8
	N/A

	20-26
	12
	N/A

	27-44
	18
	N/A

	45-49
	27
	N/A

	50-63
	27
	9

	64-79
	32
	16

	80-110
	48
	16


The parameter 
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is signaled as part of the downlink scheduling assignment as described in [4].

Virtual resource blocks of distributed type are numbered from 0 to
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Consecutive 
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 VRB numbers compose a unit of VRB number interleaving, where 
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. Interleaving of VRB numbers of each interleaving unit is performed with 4 columns and 
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 is RBG size as described in [4]. VRB numbers are written row by row in the rectangular matrix, and read out column by column. 
[image: image48.wmf]null

N

 nulls are inserted in the last 
[image: image49.wmf]2

/

null

N

 rows of the 2nd and 4th column, where 
[image: image50.wmf]DL

VRB

row

null

~

4

N

N

N

-

=

. Nulls are ignored when reading out. The VRB numbers mapping to PRB numbers including interleaving is derived as follows:  

For even slot number 
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 is obtained from the downlink scheduling assignment as described in [4].

For odd slot number 
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Then, for all 
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For DwPTS, the even slot consists of the first 5 OFDM symbols, and the rest symbols belong to the odd slot.
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