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1
Introduction

A new SID of Study on Downlink Enhancement for UMTS was agreed at RAN#65 [1]. One of the objectives is to enhance DL control channel performance. Aiming at this objective, an algorithm of soft combining DL TPC commands was proposed in [2]. In this solution, the DL TPC commands are repeated in a number of consecutive slots so that the UE can combine the received TPC commands which in turn results in less transmitting power on the downlink F-DPCH channel. Given that the obtained system gain by applying the proposed algorithm is proportional to the number of users that have DL TPC commands to be transmitted on F-DPCH channel, in order to have a good understanding on the achievable gain, the number of such users in a cell needs to be discussed.   
In this contribution, the maximum number of simultaneous non-CPC users in a cell which need TPC commands to be transmitted on DL control channel is discussed through analytical calculations.   
2
Calculations on the number of users in a cell 

This section calculates the number of simultaneous uplink users which need DL TPC commands to be transmitted on the F-DPCH channel. In order to get an upper bound on this number, it is assumed that all users are continuously transmitting DPCCH signals and there are no traffic on other uplink channels. Note that assuming continuous DPCCH transmission implies that CPC users are excluded from the calculations. The reason for excluding CPC users is because DL TPC commands are not needed to be transmitted when a CPC user is in the DTX period, while when a CPC user is transmitting DPCCH, then the CPC user has no                         difference to the users assumed in this paper. 
In the following calculations, it is also assumed that the power and interference are the only limiting resources in the uplink. The calculation is done from an individual cell perspective; the impact of other cells on the cell under consideration is modeled by parameter of inter-to-intra cell interference ratio. 

In theory, the number of users that can be supported in the uplink is highly dependent on the interference headroom and the interference that a user will add to the system. The interference headroom in the uplink is usually called noise rise and is related with the total received power and the thermal noise power as follow:
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Where RoT is defined as rise-over-thermal (RoT), 
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be the total number of simultaneous users in the uplink and the received power from each user is 
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where 
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 stands for the received power from other cells. Let
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represents the inter-to-intra cell interference as 
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By combining equations (1) to (3), the number of users 
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can be derived as:
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Since users are only transmitting uplink DPCCH, if defining the uplink DPCCH CIR as
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, and assuming 
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is large enough such that
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, then the CIR can be approximated as:
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The self-interference has been neglected from above calculation given that the power on the DPCCH channel is usually very small. 
From equations (4) and (5), the number of users in the cell can be written as:
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In Table 1, the number of users from equation (6) are calculated for a given RoT and DPCCH CIR 
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. The inter-to-intra cell interference ratio
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is assumed to be 0.65 in the calculations, which is commonly used for theoretical or semi-analytic calculations, for example it is used in [3] and [4]. The chosen values of DPCCH CIR in the table are also quite common used in the previous 3GPP studies. In [4], the UL DPCCH CIR target was set to be -22dB for the system-level performance simulations. Given that above calculation has not taken into account the traffics on the other uplink channels (e.g., data channels DPDCH/E-DPDCH and control channels E-DPCCH/HS-DPCCH) and a typical RoT value in reality is about 6~10dB, the maximum number of simultaneous non-CPC users on the uplink in a realistic cell shall be around 80~100. The absolute maximum number of users calculated in the table is 120, which is obtained from a RoT value of 20dB and a low DPCCH CIR value of -23dB. In reality, a RoT of 20dB implies a very heavy loaded system (the system may not even be stable), and a higher DPCCH CIR value than -23dB is usually required in such system. 
Table 1 Number of non-CPC users in a cell
	
	DPCCH CIR, 
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 [dB]

	
	-21
	-22
	-23

	RoT

[dB]
	6
	57
	72
	90

	
	7
	61
	77
	97

	
	8
	64
	80
	102

	
	9
	67
	84
	105

	
	10
	69
	86
	109

	
	15
	74
	93
	117

	
	20
	75
	95
	120


The number of users presented in Table 1 is further illustrated in Figure 1 below. 
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Figure 1 Number of non-CPC users in a cell.

In the Annex, the result from previous CPC study in [4] was added, in which the case of “continuous DPCCH” (marked with red color) could be a reference to the result provided in this paper. Note that the users simulated in [4] have VoIP data transmission and have not considered inter-cell interference.   
Proposal: Consider that the maximum number of simultaneous non-CPC users which could be benefit from any new proposed DL TPC algorithm is around 80~100 in a realistic cell. 
3
Conclusion
In this contribution, the number of simultaneous non-CPC users in a cell for a given system load and CIR requirement is discussed through analytical calculations.  
Proposal: Consider that the maximum number of simultaneous non-CPC users which could be benefit from any new proposed DL TPC algorithm is around 80~100 in a realistic cell. 
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5    Annex 

Table 4.2.2.4.4-1: Summary of the VoIP capacity results with Uplink DPCCH Gating
	
	
	Capacity criteria: 5% FER over 10 s
	Capacity criteria: Noise rise 6 dB

	TTI
	Average number of transmissions
	Continuous DPCCH
	Gated DPCCH
	Gating Gain
	Continuous DPCCH
	Gated DPCCH
	Gating Gain

	2 ms
	~3
	82 users
	123 users
	50%
	75 users
	106 users
	41%

	10 ms*
	1.25
	65 users
	115 users
	77%
	61 users
	93 users
	52%

	
	1.67
	80 users
	120 users
	50%
	73 users
	103 users
	41%

	    * 10 ms TTI results using bundling of 2 VoIP frames in a single TTI
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