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1 Introduction

In previous RAN1 meetings, some contributions presented performances of 64QAM for HSDPA such as [1] [2] [3]. In RAN #34 plenary, a new higher order modulation scheme (64QAM) for HSDPA is determined [4]. This contribution evaluates indoor performances for 64QAM on the basis of these contributions and then discusses the possible effects on current specifications [5] [6] when using 64QAM for HSDPA. 

2 Simulation Results with and without 64QAM
The 64QAM will effectively improve indoor HSDPA system performances. Both the UE and sector average throughput will increase about one fifth. Detail simulation assumption and simulation parameters are seen Annex (section 6). 
The simulation results are given in the following. 
2.1 CDF of Sector Throughput
According to our system level simulation results (Figure 1), if the 64QAM is applied, then sector throughput will increase 21.5%.
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Figure 1    CDF of Sector Throughput
2.2 CDF of UE Throughput
Based on our simulation results of Figure 2, if the 64QAM is applied, then UE throughput will increase 21.1%.
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Figure 2:     CDF of UE Throughput

3 Effects on Current Specifications
From the simulation results above, we can see that 64QAM is helpful to improve system performances. However when we thoroughly study the current specifications, we find some aspects will be changed or added after applying 64QAM for HSDPA.
3.1 Data on HS-PDSCH

In 3GPP R5 / R6, the maximum transport block size (TBS) is 27952 bits. If the 64QAM were applied, then the maximum TBS will reach
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at most. Take some coding protection into consideration, the maximum TBS might be 42000 bits. 
3.1.1 Hybrid ARQ for HS-PDSCH
3.1.1.1 Virtual IR Buffer (NIR)
It should be set 43200 bits or higher. If the MIMO were applied, then this value should be double or higher.
3.1.1.2 HARQ Second Rate Matching Stage

The redundancy parameter 
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 for 64QAM should be defined. This is related to section 3.2.  We suggest 
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 set 2 for the compatibility with existing coding of HS-SCCH part 2.
3.1.1.3 HARQ bit collection
The HARQ bit collection is achieved using a rectangular interleaver of size
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That is, 
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 for 64QAM should be defined.
3.1.2 Interleaving for HS-DSCH
A new interleaver should be introduced to accommodate 64QAM as the following Figure 3. For QPSK U = 960, for 16QAM U = 1920 and for 64QAM U = 2880.
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Figure 3:   Recommended Interleaver for HS-PDSCH Coding to Support 64QAM
3.1.3 Constellation re-arrangement for 64QAM

For 16QAM, only four Constellation re-arrangements are defined (in fact, three types). As to 64QAM, the suggestion is:
· Constellation re-arrangement should be taken when in retransmission.
The applicable constellation re-arrangements may be the following Table 1.
Table 1:   Recommended Constellation Re-arrangement
	Constellation Version Parameter b
	Output Bit Sequence
	Operation

	0
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	None.

ONLY valid during the first transmission
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	Inversion of the logical values of last two LSBs and first two MSBs and swapping them while swapping the middle two bits.
ONLY valid during retransmission.
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	Swapping MSBs with LSBs
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	Inversion of the logical values of LSBs
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	Swapping MSBs with LSBs and inversion of logical values of LSBs


3.2 Coding for HS-SCCH
3.2.1 Modulation Scheme Mapping
It should be 2 bits to support 64QAM as the following Table 2.
Table 2:   Recommended Modulation Scheme
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	Modulation Scheme
	Note

	0
	0
	0
	QPSK
	Compatible with R5/R6 for HARQ process 0 – 7.

	1
	0
	1
	16QAM
	

	3
	1
	1
	64QAM for HARQ process 0 - 7
	

	2
	1
	0
	64QAM for HARQ process 8 - 15
	To extend number of HARQ processes.


3.2.2 Hybrid-ARQ Process Information
Another bit is suggested to be added to the Hybrid-ARQ process information. That is, one UE may have 16 processes at most. 
4 Conclusion

According to the simulation results and analysis above, the 64QAM is advantageous in indoor application. At the same time, we suggest some aspects be modified: 
· HARQ scheme for 64QAM(rate matching)

· Interleaver for 64QAM

· Modulation schemes mapping 

· Constellation re-arrangement for 64QAM
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6 Annex
6.1 Cell Layout
The cell layout used in the simulation is displayed in Figure 4. The eNode B lies in the center of the cell. The UEs (*; green star) are distributed randomly with the cell. The red circle (O) is eNode B which hangs on a 70cm x 70cm x 400cm building pillar (□; green square). Because the upper half cell (
[image: image21.wmf]0
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) is behind the pillar, UEs in this region will get a strong shadow fading (20dB is set in the simulation).
The yellow rectangle (▯) with number “4” in it is 300cm x 300cm meeting room which has 4 walls to the eNode B. Number in turquoise rectangle (▯) “3” represent 3 walls to the eNode B. These walls have 20 dB penetration attenuation.
The pink rectangle (▯) with number “2” in it is 300cm x 300cm meeting room which has 2 walls to the eNode B. These walls have 3 dB penetration attenuation.
The blue rectangle (▯) with number “1” in it is 300cm x 300cm working space which has one wall to the eNode B. This wall has 4 dB penetration attenuation.

The UEs move randomly. They can move into / out of a meeting room / work space.
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Figure 4:    Cell Layout and UE Distribution
6.2 Path Loss
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Figure 5:   Path Loss of UEs
6.3 Simulation Assumptions
Table 6:     Simulation parameters
	Item
	Parameter
	Assumption

	1 
	Cell Layout
	One ominous site

	2 
	Number of UEs in Total
	16

	3 
	Propagation
	
[image: image24.wmf])

(

log

6

.

27

4

.

38

10

d

PathLoss

´

+

=


d in meter, PathLoss in dB.

	4 
	MIMO
	2x2 D-TxAA

	5 
	eNode B Total Tx Power
	20 dBm

	6 
	Power for HS-PDSCH
	75%

	7 
	Power for CPICH
	Total10%; Each 5%; Two CPICHs

	8 
	Power for Other Common Channels
	10%

	9 
	Slow Fading
	Lognormal

	10 
	Standard Deviation of Slow Fading
	9dB

	11 
	Carrier Frequency
	2GHz

	12 
	Antenna Gain of eNode B
	12 dBi

	13 
	Antenna Gain of UE
	0 dBi

	14 
	UE Noise Figure
	9 dB

	15 
	Thermal noise density
	-174 dBm/Hz

	16 
	HARQ Scheme
	CC

	17 
	HS-SCCH / HS-DPCCH Decoding
	Free of Error

	18 
	CQI Delay
	6ms

	19 
	MCS selection
	According to 
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	20 
	Movement of UE
	1 km/h

	21 
	Packet Scheduler
	PF; TDM

	22 
	Codes for HSDPA
	14

	23 
	Traffic Model
	Full Buffer
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