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1 Introduction

In [1], it is suggested to replace the downlink dedicated channels by a new common channel to transfer the SS and TPC for the TDD HSDPA LCR “Data only” users (i.e. those with no conversational class traffic). It has been shown that the efficiency of downlink channelisation code usage is improved. In order to follow-up on comments at RAN1#39, this document provides further analysis to show that the average transmit power of the proposed scheme is less than the requirements of the dedicated channels.
2 Review: PLCCH
The common channel, “Physical Layer Common Control Channel” (PLCCH), is proposed to carry the necessary TPC and SS information for the associated uplink DPCH of multiple users. The transmit power of PLCCH is designed to guarantee that the information can be decoded by all users correctly. A few advantages have been identified in [1].

1. By employing PLCCH, the code resources used for the transmission of TPC and SS information to the multiple users are greatly reduced. 
2. The uplink power control and synchronisation update rate can also be maintained if desired. 
3. The number of bits that are required to transmit TPC and SS of multiple users in PLCCH is reduced comparing to the individual DPCH transmission.  

Figure 1 shows the transport channel mapping between N users’ TPC/SS information and PLCCH(s). The SS and TPC value of each user can be represented by six states and hence log2(6)=2.585 bits are allocated to each user. All the users’ information can then be encoded and passed to the Release 99 transport processing. After that PLCCH(s) are mapped to the physical channel. 
Let us assign the PLCCH is transmitted in timeslot 0. By employing spreading factor =16, QPSK modulation and the code rate of 0.5, a single time slot burst with one channelisation code can carry 88bits. With log2(6) bits per user is required, 36 information bits are enough to carry TPC and SS streams for approximately 14 users. Hence a total of 13 SF16 channelisation codes are be freed up for use by HS-DSCH. 
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Figure 1: PLCCH transmission process

3 Average Power Requirement for PLCCH
In this section, we present the average transmit power required for Node B to achieve reliable transmission of PLCCH and DPCH with various users. Multi-cells environment with 2 tiers neighbour cells is modelled and the cell radius is fixed to 1 km. Deployments with frequency re-use factor, Nfreq reuse, 1 and 3 are considered. 
	　
	PLCCH
	DPCH (12.2kbps)

	Target
	BER = 10-2
	BLER = 10-2

	Spreading Factor
	16
	16

	Modulation
	QPSK
	QPSK

	Coding
	Convoluational code
	Turbo code

	Overall coding and puncturing rate
	0.5
	0.5

	required Eb/No with margin
	8dB
	8.58 dB

	Processing Gain
	12.85 dB  
	11.43 dB

	C/(N+I)
	-4.85dB
	-2.84dB

	SS/TPC Update Rate
	5ms
	5ms


Table 1: PLCCH and DPCH configurations
Firstly, we estimate the average required C/I for k users to achieve the target performance, where 1 < k < 16. The corresponding Node B transmit power which can fulfil the target C/I requirement with certain outage probability are then calculated. The outage probability is defined as the probability that any of the k users may require more than 40dBm (maximum Node B transmit power). Secondly, the required transmit power for PLCCH to cover the cell with same outage requirement is then obtained. Therefore, the average transmit power in both cases are simulated with the same cell radius; same outage probability and same maximum transmit power limitation. The required Eb/No for both channels are shown in Table 1 and Table 2 shows the simulation configuration.
	Parameters
	Value

	
Carrier frequency
	2.0 GHz

	
Deployment
	Single sector per cell

	BS maximum transmitted power
	40 dBm

	BS minimum transmitted power
	10 dBm

	BS antenna gain
	11 dB

	User terminal antenna gain
	0 dB

	Pathloss formula
	37.6 * log10(R) + 15.3

	Shadow fading standard deviation
	10 dB

	Chip Rate
	1.28 Mbps

	Spreading factor
	16


Table 2: Simulation Configurations
Figure 2 and Figure 3 show simulation results for the deployment with Nfreq reuse = 1 and 3 respectively. Figure 2(a) and Figure 3(a) show the required transmit power for both DPCH and PLCCH with same outage condition. Figure 2(b) and Figure 3(b) present required transmit power ratio between PLCCH and DPCH(s). Figure 2(c) and Figure 3(c) show the outage probability for each case, which is determined by the transmit power, cell radius and number of DPCH(s). 
3.1 Frequency Reuse Factor = 1

It is observed that the outage probability and the average transmit power supporting DPCH(s) increase as the number of users increased when Nfreq reuse=1. On the other hand, the transmit power required by the PLCCH to cover the same cell with the corresponding outage is reduced. 
Example 1: 14 users (Nfreq reuse=1)
It shows that 39.8 dBm is required for 14 DPCHs supporting 14 set of SS and TPC with 29% of outage probability. However, only 29 dBm is required to achieve the same outage in the same cell radius and carry 14 same numbers of SS and TPC. Figure 2(b) shows that only 10% of DPCH(s) transmit power is required for PLCCH. Hence 90% of power reduction is achieved.
Example 2: 5% outage probability (Nfreq reuse=1)
In another scenario when outage probability is 5%, the DPCH(s) can support up to 6 users with Node B transmit power at 37.5 dBm. Under the same condition, the transmit power of 33.5 dBm is required for PLCCH to carry 14 users SS and TPC in a single time slot. Hence 4dB power reduction and 5 codes are freed up.
Example 3: 4 users (Nfreq reuse=1)
Figure 2(b) shows that it only requires 70% of the transmit power of DPCCH(s) for PLCCH to achieve the same outage with 4 users in the cell. Hence 30% of power is reduced and 3 code resources are saved. Though in the cases of 3 users in the cell, the required power of PLCCH is larger than that of the DPCHs, PLCCH can still free up two code resources for HS-DSCH. 
3.2 Frequency Reuse Factor = 3

Figure 3(a) shows that the required transmit power of both PLCCH and DPCH(s) are less than those in Nfreq reuse=1. In addition, the outage probability is closed to zero due to the reduction of inter-cell interference. 
Example 4: 14 users (Nfreq reuse=3)

It shows that 34 dBm and 31 dBm is required for  DPCHs and PLCCH to carry 14 users’ SS and TPC respectively.  Figure 3(b) shows 3dB or 50% power reduction can be achieved by using PLCCH.

Example 5: 4 users (Nfreq reuse=3)

Figure 3(b) shows that it only requires 80% of the transmit power of DPCCH(s) for PLCCH to achieve the same outage with 8 users in the cell. Hence 20% of power is reduced and 7 code resources are saved. 
Example 6: Number of users is less than 7 (Nfreq reuse=3)

In this case, the required transmit power of PLCCH is larger than that of DPCHs. Nevertheless, the PLCCH can free up one to six code resources except the case with single user in the cell.  
	Frequency Reuse = 1
	Frequency Reuse = 3
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Figure 2 (a)
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Figure 3 (a)

	[image: image4.png]PLCCH To DPCH Power Ratio (%)

380

300

250

200

150

100

50

6 ] 10
User Number (with Tkm cell and N=1)

16




Figure 2 (b)
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Figure 3 (b)
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Figure 2 (c)
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Figure 3 (c)

	Figure 2: Simulation results for frequency reuse factor=1.  (a) Average transmit power of PLCH and DPCH(s). (b) Required Tx power ratio of PLCCH and DPCH(s). (c) Outage Probability. 
	Figure 3: Simulation results for frequency reuse factor=3.  (a) Average transmit power of PLCH and DPCH(s). (b) Required Tx power ratio of PLCCH and DPCH(s). (c) Outage Probability.


4 Conclusion
In this document, it demonstrates how the PLCCH can carry users’ SS and TPC information. In addition, we show that the efficiency of code utilisation with PLCCH is much better than using the DPCH(s) for each user.  Furthermore, simulation results show that the required transmit power of Node B can be reduced by employing the PLCCH to carry the SS/TPC information particularly. The power reduction in deployment with Nfreq reuse=1 is larger than that of Nfreq reuse=3. It shows that both code and power resource can be reduced by adopting a common channel to carry the SS and TPC.
5 References

[1]
R1-041403, “Optimisation of DL Code Utilisation for 1.28 Mcps TDD HSDPA”, 3GPP RAN WG1#39, IPWireless, Yokohama, Japan, 15-19 November 2004.
_1168693752.vsd

