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1
Introduction

In ‎[1], we discussed the possible gains of gating the F-DPCH during the periods where no UL DPCCH signaling was received. The possible capacity gain is a function of the power spent on F-DPCH. This paper discusses the amount of power spent on F-DPCH in a loaded cell and if this power consumption is high enough to be subject for reduction.
Furthermore, if too little power is spent on the F-DPCH the result is a high UL TPC error rate when the uplink transmission is active. This is not beneficial for UL VoIP capacity and this paper show simulations on the UL VoIP capacity as a function of UL TPC error rate.
The proposal to gate F-DPCH whenever UL DPCCH is gated is captured in the included text proposal for TR 25.903.
2
F-DPCH power consumption
2.1
General

We can expect that the power spent on the F-DPCH is a function of the CIR target for the F-DPCH and the total carrier power used in the cell. Basically the assumption is that the amount of power spent on the F-DPCH increases when the CIR target increases, as well as when the load, i.e. the total carrier power, in the cell increases. 

But the questions to answer are: 

· How much power is spent on F-DPCH in a loaded cell? 

· Is the average F-DPCH power consumption in the loaded cell so high it is worth the effort to reduce it, and how much DL capacity can be gained?

This section presents a method to determine the F-DPCH power consumption in a loaded cell by link and system simulations, and presents the possible VoIP capacity gain by gating of the F-DPCH.
2.2
Initial CIR target for F-DPCH

Since the power consumption is strongly dependent on the initial CIR target, a suitable CIR target for the A-DPCH and the F-DPCH needed to be determined using link simulations.  Result of link simulations can be found in the literature, see for instance [3].

These results indicated that as much as 5 dB lower CIR target could be used for the F-DPCH compared to the A-DPCH. However, UL DPCCH gating and losses from not filling up each F-DPCH with 10 users probably reduce the gain with F-DPCH. Hence, in these calculations we also assume that maybe F-DPCH needs a 2 dB implementation margin, leading to an initial CIR target for F-DPCH 3dB lower than for the A-DPCH. The CIR targets used are presented below in Table 1. 
2.3
System simulations
The simulated radio network consists of 12 three-sector sites (36 cells) with 2.0 km site-to-site distance deployed in an ordinary hexagonal layout. Wrap-around is used to prevent border effects. Standard models for distance attenuation (29+35*log(d) where d is distance [m]), shadow fading (lognormal with standard deviation of 8 dB) and, multi-path fading (3GPP Typical Urban) are used.

A comprehensive WCDMA/HSDPA system model is used. The physical layer models, comprising quality models, measurement models (e.g. CQI and intra-frequency Ec/No) and power control models, have slot-level time resolution. The HSDPA link adaptation is based on reported CQI and the instantaneous available transmit power. Hybrid ARQ with 6 parallel processes and Chase combining are included. An RLC protocol configured in unacknowledged mode is modeled in detail. Code multiplex up to four users is allowed.

The speech codec is AMR12.2 and the speech activity is 50% (on and off periods are distributed exponentially). Headers are compressed using RoHC (for VoIP) and we assume a constant state where the remaining header size is 3 bytes throughout the simulation. The scheduler is QoS-aware and determines priority based on delay (after a packet hasarrived at the buffer). The total time for scheduling and HARQ retransmissions is maximum 100ms.
Some simulation parameters are given in Table 1. 

Table 1: DL VoIP system simulation parameters

	Parameter
	Value
	comments

	UMTS BS Nominal TX power [dBm]
	43 (20W)
	

	HSPA DL orthogonal overhead channels (CPICH, E-HICH, BCCH etc)
	19% (3.8W)
	

	SCH power
	1% (0.2W)
	

	Path loss Model: COST 231
	-29-35*log10(d)
	

	Shadowing standard deviation [dB]
	8
	

	HS-SCCH power
	0.8W per channel, fixed
	

	Propagation Channel
	3GPP Typical Urban
	

	Number of cells
	36
	

	Cell layout
	3-Cell Clover Leaf
	

	Inter-site Distance [m]
	2000
	

	Frequency
	2 GHz
	

	DL BLER target
	10%
	

	HSDPA codes for VoIP
	8
	

	Code multiplex
	Up to 4
	

	DL scheduler
	fcn(CQI)*fcn(delay)
	

	Packet discard at delay threshold
	Yes
	

	A/F-DPCH CIR
	A-DPCH: -25 dB
F-DPCH: -28 dB, -30 dB
	

	Max UL HARQ attempts
	3
	

	Max DL delay threshold
	100 ms
	

	Voice call mean length
	30 seconds
	

	Voice on/off mean length
	2 seconds
	

	RLC SDU size
	320 bits
	

	UE speed
	3 kmph
	

	VoIP packet arrival interval 
	20 ms
	

	Voice activity
	50%
	

	Satisfied user single link
	Max 1% PLR @ 95%
	


The DL VoIP system simulations were performed to estimate DPCH power consumption for three cases:

· first case is A-DPCH, 
· second is ideal F-DPCH (no implementation margin, 5 dB lower CIR than for A-DPCH), and 
· third F-DPCH with an implementation margin of approximately ~2 dB (3 dB lower CIR than for A-DPCH). 
The results are shown below. 
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Figure 1: Left: CDF of base station power. Right: 90th percentile and mean power consumption for DPCH in the system simulation
From Figure 1 it can be concluded that:
· Approximately 20% of the packets are sent when the base station is using almost maximum power (~20 W). 
· In a system simulation, the distribution of active users is random leading to that there is just a few cells that actually at every moment are fully loaded and thus are using 20W as the total carrier power. 
· These are the cells that limit capacity. In these cells, at this particular moment when using a total carrier power of 20W, the simulations show that F-DPCH with an implementation margin uses approximately 0.04 W per user. 
· It can be noted that the mean value for the A/F-DPCH power consumption in the system simulation is about half the 90th percentile.
When doing analytical estimations of the potential capacity gain of F-DPCH gating (or reduction of F-DPCH power at inactivity), the DPCH power consumption to consider is the 90th percentile (0.04 W/user) since it is most probably the power used in these cells that actually limit system capacity.

2.4
Capacity gain with F-DPCH gating
From the analysis above it can be concluded that in a heavily loaded cell, the F-DPCHs consumes about 3 W (70 users * 0.04 W). This is approximately the same as the amount of power spent on the HS-SCCHs when doing code multiplexing of 4 (0.8 W * 4 = 3.2 W). Hence, the DL VoIP capacity gain of reducing the current F-DPCH power to a certain fraction should approximately equal the gain of reducing the HS-SCCH overhead to the same fraction. But it should be noted that F-DPCH is crucial for the operation of the system and cannot be totally removed or sent with such low power that the TPC error rate goes beyond 10% (see sub-clause 3).  

In [1] results on the gain with F-DPCH gating were shown. These results were obtained using an analytical calculation based on the pole equations rather than from a system simulation. The input parameters to this calculation were that the F-DPCH used a CIR target of -28 dB. In the analytical calculations the average F-DPCH power per user, however, became 0.046 W/user when the cell was loaded to capacity (i.e. slightly higher value than obtained from the system simulations described above). Figure 2 shows the possible capacity gain obtained in these analytical calculations. See ‎[1] for further details.
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Figure 2: Relative DL VoIP capacity gain as a function of the DPCCH transmission gap at inactivity

3
Impact of UL TPC errors
If not enough power is spent on F-DPCH, the result will be an increased UL TPC error rate (UL TPC = the TPC commands controlling the uplink transmit power, sent in the downlink). To investigate the importance of the UL TPC commands a number of system simulations were run with 4%, 10%, 15% and 20% UL TPC error rates. The UL DPCCH gating concept is applied and the simulation parameters used are the same as in ‎[4]. Note: the main reason for the large capacity numbers is the lack of the HS-DPCCH overhead in the E-DCH simulations.
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Figure 3: Left: Satisfied VoIP users as a function of the TPC error rate. Right: Delay plots
Not surprisingly, an increased UL TPC error rate increases the amount of transmissions, the delay and packet loss rate. For VoIP we here assume that we have a delay budget of 75 ms to spend in the uplink and we have a maximum of 5 transmissions per packet. Using these limits, the system capacity is severely impacted if the UL TPC error rate goes over 10%. Hence, it is important to guarantee low UL TPC error rates on the F-DPCH.
4
Discussion and Conclusions

When applying UL DPCCH gating, it is possible that the power control of the F-DPCH is affected negatively. It is also apparent that a well working power control for F-DPCH is needed to guarantee high capacity VoIP. To ensure low UL TPC error rates maybe there is a need to have larger margins for the power setting of the F-DPCH in the UL DPCCH gating case compared to the ungated case.

However, when applying UL DPCCH gating, the VoIP capacity of the system will most likely be limited by the DL. This calls for some measures of reducing power overhead in the downlink in a loaded system. One possibility is then to either gate or just reduce power for the F-DPCH during periods of UL DPCCH gating. This is captured in the following text proposal, which is proposed to be included in TR 25.903.

5
Text proposal

-- Start of text proposal --
4.2.1.1
General Principle

The optimal solution for reducing DPCCH overhead of packet data users is turning off the DPCCH transmission when no data or HS-DPCCH is being transmitted. With such an ideal solution the idle packet data users would not consume any uplink air interface resources and the network resource allocation would set the limit on how many idle users could be kept in the CELL_DCH state. Due to practical reasons there may be a limit on the length of the DPCCH gating period as during long inactivity the Node B could not any more know whether the uplink synchronisation is lost or if there just is a very long inactivity period.

The basic principle in short is that if there is neither E-DCH nor HS-DPCCH transmission, the UE automatically stops the continuous DPCCH transmission and applies a known DPCCH activity (DPCCH on/off) pattern. When an E-DCH or HS-DPCCH transmission takes place also the DPCCH is transmitted regardless of the activity pattern.

I.e. during the E-DCH and HS-DPCCH inactivity the UE would activate a known DPCCH transmission pattern that would be e.g. a few DPCCH slots transmitted every few radio frames and no DPCCH transmission during other times. If E-DCH or HS-DPCCH is transmitted the DPCCH would be transmitted normally regardless of the pattern. Depending on the length of the DPCCH transmission gap, a DPCCH power control preamble of few slots may be needed before E-DCH/HS-DPCCH transmission may start. Reception of the downlink HS-SCCH/HS-PDSCH would be active and possible at all times. F-DPCH would be gated whenever UL DPCCH is gated.
-- Text omitted --
4.2.3
Benefits of the concept

· Less air interface capacity consumption per UE due to reduced UL DPCCH and F-DPCH noise contribution and therefore also increased UE battery life time compared to REL-6.*

· Compared to REL-6: Increased number of temporarily inactive users that can stay in CELL_DCH and that can therefore get active in a very short time avoiding frequent transitions to CELL_FACH.*

· Concept is intended to address also VoIP users between packet transmissions.

*: Better than for “SIR_target reduction” the more UL DPCCH is gated.

4.2.4
Open issues of the concept

· Impact on inner loop power control in UL & DL.

· How often/when will UL DPCCH and F-DPCH be sent for inactive users (how are the activity patterns designed?) in order to maintain power control stability and synchronisation status.

· How is reactivation started and the UL DPCCH and F-DPCH power set after each UL DPCCH gating gap? Longer power ramping needed?

· Modifying the CQI reporting for HSDPA from Release 6 could enable higher gains for Uplink DPCCH Gating.

· DL & UL have to be inactive at the same time during UL DPCCH gating.

· Impact on power balancing mechanism. (Note: This is not an issue if TPC based power control is not applied to F-DPCH/DPCCH.)
-- End of text proposal --
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