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Introduction

To support 16QAM in the uplink, the need for a pilot transmission with higher power has been discussed at RAN1#47.  Several options have been mentioned, i.e.

· DPCCH power offset dependent on E-TFCI corresponding to high E-DCH data rates

· E-DPCCH power offset dependent on E-TFCI corresponding to high E-DCH data rates

· Additional pilot channel transmitted together with high E-DCH data rates

· No additional pilot power used, thus choosing a non-optimum operating point

In this contribution, we discuss the need for additional pilot power and aspects that should be considered when introducing pilot power boosting.

Operating point with DPCCH power adjustment 
It has been shown in R1-070414 that a relatively large pilot power boosting of up to 21.8 dB may be required with respect to a nominal DPCCH power setting of Ec/Nt of –21 dB in a Pedestrian A channel. Our simulation results in Figure 1 and 2 confirm this observation. However, Figure 1 shows that the operating point is quite insensitive with respect to the gain settings ratio. Figure 2 shows the DPCCH power setting corresponding to SIRtarget. 

From these simulation results, we observe the following:

1) For all data rates considered, there exist DPCCH power settings and gain factors for E-DPDCH such that transmission with 16QAM is possible.

2) For the high data rates considered, the optimum TPR is roughly identical at 10 dB, which may be dependent on the actual receiver structure though.

3) When reducing the DPCCH power by 10 dB relative to the power at the optimum TPR, the losses incurred are less than 2 dB.
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Figure 1:  Required Ec/Nt for 16QAM transmission as a function of TPR
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Figure 2:  DPCCH power setting corresponding to the required Ec/Nt in Figure 1

Considerations for Power Boosting

When using pilot power boosting for 16QAM EDCH transmission, the following aspects should be considered:

1) Processing Latency in the NodeB in case of E-DPCCH boosting

The timing budget for NodeB and UE has been extensively discussed at RAN1#40 in Phoenix and the compromise achieved at that time involves the minimum processing time in the NodeB that companies were willing to accept.

When introducing E-DPCCH power boosting in support of 16QAM, additional processing steps are required in the NodeB. In particular, the following processing is envisioned:


Step 1: Channel estimation based on DPCCH pilot

Step 2: Decoding of E-DPCCH based on channel estimates from Step 1

Step 3: Re-encoding of E-DPCCH to be used as additional pilot symbols

Step 4: Refined channel estimation with pilot symbols from DPCCH and E-DPCCH

Step 5: Demodulation and decoding of E-DPDCH


It is acknowledged that for the purpose of obtaining additional pilot symbols from E-DPCCH, hard decoding per symbol may be sufficient. However, E-DPCCH power boosting introduces Step 3 and 4 as additional processing steps in a potentially time-critical design.


2) Channel estimation performance

When boosting the pilot power during the E-DPDCH transmission, additional pilot power may be available only for a short data burst (2 ms). Channel estimation performance for short pilot duration is worse than that for longer pilot duration with DPCCH. In particular, for low mobility UEs that may benefit from 16QAM, the channel estimation filter length based on DPCCH pilot can be designed relatively long, while the boosted pilot may be available only for 2 ms. Therefore, DPCCH based channel estimation inherently has some advantage over channel estimation based on a power boosted pilot.

3) Range and value for power boosting

When boosting the DPCCH power, the boost would need to cover at least a range of up to 1 dB -  nominal DPCCH power setting Ec/Nt in dB without power boosting. A similar range is required when boosting E-DPCCH power.  From Figure 2, the required pilot power varies substantially with the E-DCH data rate, while we have observed that there is less dependency on the channel scenario. Therefore it is suggested that an actual value for power boosting is derived in the UE implicitely from the data rate (E-TFCI).  

Conclusions

It is possible to support 16QAM E-DCH transmission even without pilot power boosting, which incurs some losses but may still be acceptable for UEs in good channel conditions and in lightly loaded cells. 

Pilot power boosting yields better performance, especially in cases where the UE is configured with very high data rates of up to 10 Mbit/s. Therefore it is suggested to introduce an optional pilot power boosting that is derived in the UE implicitely based on the E-TFCI.  
Appendix: Simulation Assumptions

Table 1: Basic Simulation Parameters
	Parameter
	Value

	TTI
	2ms

	Modulation
	16QAM

	Spreading Factors
	SF2 + SF4

	Target Number of Transmissions
	1

	Residual BLER
	1%

	Number of Rx Antennas
	2

	DPCCH Slot Format
	8 Pilot, 2 TPC

	Channel Estimation
	Realistic

	Channel Model
	PA3

	Receiver Type
	Rake Receiver 





Table 2: 16-QAM MCS Table

	Transport Block Size (bits)
	Code Rate
	Instantaneous Data Rate (kbps)

	9000
	0.391
	4,500

	10000
	0.434
	5,000

	11000
	0.477
	5,500

	14000
	0.607
	7,000

	16384
	0.711
	8,192

	18000
	0.781
	9,000

	20000
	0.869
	10,000


