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1.
Introduction

MC TD-SCDMA scheme was included as one of six approved basic physical concepts proposal at Sophia Antipolis Ad Hoc on LTE meeting, and it was used for a scheme evaluation of LTE EUTRA. MC TD-SCDMA has strong compatibility with present UTRA LCR TDD, in addition, it can make fully use of mature technology from CDMA, and guarantees the investment on UTRAN for operators.

In this contribution, we focus on the analysis of MC TD-SCDMA Downlink Shared Channel, and give the operation of shared channels on multiple carries.   

2. Transport channel analysis of MC TD-SCDMA HSDPA
Only one carrier is used in one cell or sector for present UTRA　LCR　TDD. Uu protocol procedures for operation and configuration of radio resources are supported for one carrier. While for MC TD－SCDMA, those procedures are processed for multiple binding carriers[1]. As such a carrier with broad bandwidth is divided into several sub-carriers of narrower bandwidth(１.6MHz) in one cell or sector, and uplink/downlink transmissions are separated by time. Uu protocol procedures for operation and configuration of radio resources are supported for multiple sub-carriers in one cell or sector.
For MC TD－SCDMA HSDPA, data are transmitted on HS-DSCH whose corresponding physical channel can be composed by resources from multiple sub-carriers. In the next section, the analysis of MAC and physical processing for HS-DSCH is given.
２.1
Analysis of MAC layer processing 

For UTRA　LCR　TDD, channel resources of HSDPA are all in one 1.6MHz sub-carrier. For MC TD－SCDMA, there are several carriers of １.6MHz bandwidth in one cell or sector, so resources from multiple carriers can be bound together to construct HSDPA channel. As such data channel HS-DSCH is composed by resources from one or several sub-carriers. Node B performs HSDPA functions and controls the allocation of carrier, timeslot and code resources for each UE to transmit data on HS-DSCH according to the channel status information, traffic models and buffer sizes from all UEs. Therefore, MAC layer can use two schemes to transmit data on HS-DSCH composed by multiple carries.
Scheme A: it is the scheme of document [2]. In [2], data to be transmitted are disassembled at MAC layer. Each carrier can be independently scheduled with independent HARQ Retransmission Entity. As such when Node B is transmitting data to one UE, first it will allocate carrier resources to the UE according to scheduling algorithm, and then it will disassemble data onto each carrier resources. When there is an error on one sub-carrier and data need to be retransmitted, it will only retransmit data block on this carrier, and no need to retransmit all the data on all sub-carriers per TTI for this UE. This scheme needs to change much more on the present MAC-hs layer.     
Scheme B: It can also consider concentrated scheduling the transmitted data from all the sub-carriers on HS-DSCH and using only one retransmitting entity without disassembly at MAC layer. As such when Node B is transmitting data to one UE, first it will allocate sub-carrier resources to the UE according to scheduling algorithm, and then all the data which are joint coded and modulated on the physical layer first and then it will be mapped to the different physical channels of different carriers. When there is an error on any sub-carrier, it will need to retransmit all the data per TTI. This scheme has little change on the present MAC-hs layer.
2.2 Analysis of physical layer processing
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To realize multiple carriers HSDPA, the coding method of HS-DSCH is the most important issue when one user uses multiple carriers to transmit data. In this section, three coding and modulation methods are proposed according to the above schemes on the MAC layer. Method 1 and method 2 are for scheme A, and method 3 is for scheme B. Each method is illustrated by three carriers HS-DSCH channel.  
Figure1 channel coding method 1 for HS-DSCH
method 1: channel coding mode for HS-DSCH is illustrated as figure 1.

Data from three carriers are segmented and coded individually, and concatenated at the stage of Bit Scrambling, then scrambled. The scrambled data are disassembled again into three series which are the same as the data on the old carriers. 
The scrambled data are sent into HS-DSCH Interleaving module at which three series scrambled data are interleaved to exploit temporal diversity individually. Then, the next step is to process crossed interleaving to exploit frequency diversity among the carriers.

In method 1, CQI of each carrier channel is obtained by the feedback from individual control channel. 

method 2: channel coding mode for HS-DSCH is illustrated as figure 2.

Data are transmitted individually on three carriers, the same as [3]. The transmitted data are disassembled into three series from the beginning. Each series is coded, modulated and transmitted independently. Transmitter tries to use the carriers with good channel to transmit data.   

In method 2, CQI of each sub-carrier channel is obtained by the feedback from individual control channel. 

Figure2 channel coding method 2 for HS-DSCH

Method 3: channel coding mode for HS-DSCH is illustrated as figure 3.


In method 3, channels on three sub-carriers are treated as a whole and data are not disassembled at the MAC layer. The transmitted data are joint coded and modulated as a whole, then mapped onto the scheduled carriers. As such data from “Constellation re-arrangement for 16QAM” module will be mapped onto the physical channels according to the resources on each sub-carrier, and then be transmitted on three carriers. When there is an error on any sub-carrier, it will need to retransmit the entire data per TTI.   
At receiver, as three carriers are considered as one joint channel, it can process joint channel estimation from all the data of three sub-carriers to get the averaged channel quality. 

In method 3, joint CQI which is obtained by averaging all sub-carriers CQI feeds back to Node B from the control channel.
Figure3 channel coding method 3 for HS-DSCH
All three channel coding modes will be analyzed and compared according to the follow link simulation.
3. Simulation Assumptions
In this section, we give an example for MC TD-SCDMA( which uses three１.6MHz binding carriers). Simulation assumptions are given for three channel coding modes of multiple carriers HS-DSCH:

· Use of 3 carriers (5 MHz, each is １.6MHz )

· 5 timeslots and 16 code channels for HS-DSCH of each carrier
· ITU-PA ３kilometer channel mode 
The r simulation assumptions are outlined in Table 1.
Table 1 Simulation Assumptions

	Parameter
	Assumption

	Carrier Frequency
	2GHz, 2GHz+1.6MHz, 2GHz+3.2MHz

	Chip rate
	1.28 Mcps

	RX AGC
	OFF

	Transmit diversity
	OFF

	Beamforming
	OFF

	Receiver antenna diversity
	OFF

	Numerical precision
	Floating point simulation

	Fast fading model 
	Jakes spectrum

	Oversampling 
	4

	Channel ray mapping
	shifted to nearest multiple of the sampling rate

	RRC Pulse shaping filter 
	Yes

	Receiver 
	MMSE JD receiver

	Channel estimation
	Ideal multipath delay estimation and joint channel estimator according to article from Steiner and Baier in Freq., vol. 47, 1993, pp.292-298, based on correlation to obtain the complex amplitudes for the path.

	Midamble
	Common midamble 

	Number HS-DSCH transport channels
	1

	Tails bits 
	6 per RSC encoder

	Turbo decoding 
	MaxLogMap – 4 iterations

	Input to turbo decoder
	Soft

	Number of HARQ Processes on each carrier
	4

	Code Combining Scheme
	Chase Combining

	HS-DSCH packet loss probability due to HS-SCCH 
	0%. HS-SCCH is not simulated. 

	HS-SICH channel
	Error free reception of ACK/NACK report. Not simulated

	CQI report
	used.

	Modulation scheme
	16 QAM or QPSK

	Number of HS-DSCH Timeslots on each carrier
	5

	Number of HS-PDSCH codes per TS
	16

	HS-PDSCH Spreading Factor
	16

	propagation models
	ITU Pedestrian A  Speed 3km/h  (PA3)
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4.
Simulation Results
The simulation results of three channel coding methods for HS-DSCH are shown in Figure 4. Simulation Assumptions are given in section 3. Comparing throughput, from Figure 4 it can be seen that the performance of method 1 and method 3 are similar, and mode 2 is the best with an increased throughput 15%～20%. 

The system gain gap between method 2 with method 1 or method 3 is caused by channel estimation, for the accuracy of CQI has serious effect on the performance of HSDPA. In method 2, the feedback CQI from UE is relative accurate, thus transmitter can choose a suitable MCS (modulation and coding scheme ) according to the channel condition to get better performance. 
In method 1, because of interleaving among carriers, channel estimations for three carriers are different between before demodulation and after decoding (input bits for each sub-carrier decoder are from different carriers). As a result, more interference is added to channel estimation, so the system performance is degraded.
In method 3, using averaged channel estimation as the feedback CQI will cause inefficient utilizing each carrier channel quality to transmit data, and it will worsen the system performance as well.

Figure 4 throughput comparisons for 3 channel coding methods of HS-DSCH

5.
Conclusion
In this contribution, we discuss the HS－DSCH schemes designed for MC TD-SCDMA HSDPA. When HS－DSCH is composed by multiple carriers, transmitted data are dissembled and allocated onto the relevant carrier, and scheduling and HARQ are processed individually on each carrier. At the same time, each carrier uses different coding and modulation mode (illustrated in Figure 2) to get better performance. 
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