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1 Introduction
At RAN#39, a new study item was established on feasibility study on dual cell HSDPA operation [1].  Its study scope includes the schedule scheme. In this paper, we provide discussion on independent schedule scheme of dual cell and some principle of dual cell HSDPA operation.
2 Discussion on independent schedule scheme
The independent schedule scheme indicates the independent queue and independent scheduling for two carriers.
There are following issues to be considered for independent scheduling scheme:

1. How to distribute data packets to the two carriers?

2. There is a SN hole in receiver entity because of different channel quality and rate in the two carriers. How to avoid big SN hole in order to reduce the inefficient retransmission and big RX buffer and big RTT delay? 

3. Flow control algorithm

The RLC entity of RNC distributes the RLC PDUs to each carrier according to capacity allocation of each carrier.

There is each queue corresponding to each carrier and the MAC-ehs PDU would be scheduled independently.

To avoid inefficient retransmission, it shall configure the RLC parameters like following:

· RLC entity of sender shall record the relation of PDU with carrier, i.e which PDU is send to UE by which carrier. 
· RLC entity of receiver shall report which SN be received or not in detail so that it should use STATUS SUFI such as “List SUFI, RList SUFI and bitmap SUFI” and indicate the highest SN which be received by UE.
· RLC entity of sender indicates Node B upgrade the priority of these PDUs without ACK from receiver if the acknowledged SN between on two carriers has a big hole.

· Retransmitted RLC PDU has high priority than new data PDU in MAC-ehs queue.

To avoid big RX buffer and big RTT delay, it shall use flow control algorithm and the basic principle like following:
The basic principle of flow control algorithm is to limit the time duration of MAC-ehs PDU in buffer of  Node B and the time duration is defined TM= QueueLen/ QuVoutfilted, where QuVoutfilted is the filter value of rate on Uu interface, QueueLen is bit numbers of total number PDUs in MAC-ehs queue.. In case the TM is bigger than threshold, it means number of MAC-ehs PDU in buffer is too much so that it shall reduce capacity of allocation for this UE. In case the TM is smaller than threshold, it means there are too little number of MAC-ehs PDU in buffer so that it shall add capacity of allocation for this UE. 
3 Simulation assumption

In the following table 1, the parameters of simulation assumption are list.
The traffic modes are same as [1].
	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	1000 m

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
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	Channel Model
	 PA3
Fading across carriers is independent for non adjacent carriers.

Fading models for adjacent carriers:

- Fading across carriers is completely uncorrelated.


	Penetration loss
	10 dB

	CPICH Ec/Ior
	-10 dB

	HS-DSCH 
	Up to 15 SF 16 codes per carrier for HS-PDSCH

Power allocation: 

- Total available power for  HS-PDSCH and HS-SCCH is 70% of Node B Tx power, with HS-SCCH transmit power being driven by 1% HS-SCCH BLER, or 

HS-PDSCH HARQ: chase combining to be used. Maximum of 4 transmissions with 10% target BLER after the first transmission. Retransmissions are of highest priority.

	HS-DPCCH 
	9 slot CQI delay

CQI bias is 0 and CQI estimation noise is Gaussian with 1 dB std

(*) CQI quantization is modeled

Error-free CQI and ACK decoding 

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	UE capabilities
	15 SF 16 codes capable per carrier

	UE Receiver Type
	Type 2 for both single carrier and DC-HSDPA (*) Realistic C/I estimation 

	Maximum Sector 

Transmit Power
	43 dBm per carrier

	Other Sector Transmit Power
	 OCNS=0, other sectors transmit at full power only when they have data. 

	Timing
	The two carriers have the same time reference and their downlinks are synchronized. 

	Serving cell
	The serving cells on both carriers belong to the same sector. 

	Traffic model
	Full buffer and Bursty Traffic Model (as specified in Section 5.1.2)

	Queuing and Scheduling
	Disjoint queue and disjoint scheduling

	Traffic distribution 
	Uniform over the area

	Number of UEs per sector
	Full buffer traffic: 1, 2, 4, 8, 16, 32 
Burst traffic: 1, 2, 4, 8，16


4 
Simulation results

4.1  Simulation results for full buffer traffic
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Figure 1 User throughput vs user number per sector for Full buffer traffic
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Figure 2 User throughput vs average sector throughput for Full buffer traffic
The results are shown in Figure 1 and Figure 2.

We see that the DC gain for 4 users per sector is about 11% than two single carriers, the DC gain 8 user per sector is about 7% and 16 users pre sector the DC gain is about  2%. The gain for 32 users per sector is -2%.  As number of users increasing, the gain is down because the time duration in buffer became longer and there are more and more PDU number was upgrade its priority. 
Compare the DC gain of joint schedule scheme [2], the users number is little than 16, the DC gain of independent schedule scheme has no difference. The result of 32 users makes no sense due to statistical error. Considering there are little chance for so many users in one sector using DC at same time, it is conclude that independent schedule scheme has no big difference with joint schedule scheme.

4.2 Simulation results for burst traffic 
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Figure 3 User throughput vs user number per sector for Bursty traffic
We use burst traffic model with 20 sec,500k bytes. 

The average burst rate performance at different number of users per sector is plotted in Figure 3. It is straightforward to see that the gain of DC-HSDPA from single carrier at the same number of users per sector, DC-HSDPA provides higher average burst rate than two single carriers. If the average downlink utilization is not too high to cause queue buildup for users with poor channels, DC-HSDPA provides twice the average burst rate than two single carriers at the same number of users per sector.
5 Introduction RLC change
For above description, it has introduced a small change for RLC layer: UE shall send highest SN which PDU was received correctly. So that RNC could know whether PDU with SN lower than highest SN is loss indeed or no transmission by Node B. The change description was illustrated in [4]
6 Conclusion

In this document, we provide some independent schedule scheme simulation result. From the above figure and analysis, it is concluded that the gain of independent schedule scheme is lower than joint scheme for burst traffic and has no big difference for full buffer traffic. And it would have a small change to RLC layer in order to support independent schedule scheme.
we would like RAN1 to discuss and agree on the following proposals:

Proposal 1: it is proposed RAN1 to capture the above simulation results to TR 25.825.

Proposal 2: it is proposed RAN1 to use independent schedule scheme beside joint schedule scheme. 

Proposal 3: it is introduced RLC layer small change to report highest SN received by UE to support independent schedule scheme.
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