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1 Introduction

As explained in TR25.903, the aim of a new UL DPCCH slot format for Continuous Connectivity would be to reduce the UL DPCCH overhead for a given reliability of the UL TPC symbols. This is achieved by reducing the ratio between the number of pilot symbols and the number of TPC symbols per slot, such that the transmitted pilot energy is better matched to the TPC energy. As this results in more TPC energy being transmitted per slot, it therefore enables the UL DPCCH transmit power to be reduced.

Two alternatives for the configuration of a new slot format are currently presented in TR25.903:

A. Switching between a Rel-99 slot format (e.g. 8 pilot bits + 2 TPC bits) and the new slot format (e.g. 4 pilot bits + 6 TPC bits) dynamically according to predefined rules based on whether other uplink channels are transmitted (e.g. using the Rel-99 slot format when E-DCH or HS-DPCCH are transmitted, and the new slot format when only DPCCH is transmitted).

B. Configuring the new slot format by the RNC in the same way as Rel-99 slot formats, regardless of whether other uplink channels are transmitted in any particular slots. 

This contribution provides some simulation results to compare the merits of these two approaches considering, as an example, reliability of CQI transmission.

Results are also presented using TPC energy to improve the channel estimate derived from the pilot bits.

2 Simulations

2.1 Simulation Assumptions

The basic simulation assumptions are as follows:

· 2GHz carrier frequency

· DPCCH SF = 256

· Non-SHO

· UL power control using PCA1 and a 1dB step size, with a 4% error rate on DL TPC commands

· Dual-antenna receive-diversity at Node B

· Uplink channel phase estimation averaged over 1 to 3 slots

· UL channel model: PA, PB or VA

· UE speed 3, 30 or 120km/h

We consider the case of HS-DPCCH being transmitted in parallel with the DPCCH, and examine the effect of changing the DPCCH slot format on the decoding of the HS-DPCCH. For the HS-DPCCH, we assume:

· βhs = βc 

· N_cqi_transmit = 1 (i.e. no repetition)

Under these conditions, the CQI error rate is measured, using two different types of channel estimation:

· Channel estimation using DPCCH pilot bits only

· TPC-aided channel estimation (using both pilot bits and TPC bits)

MLSE decoding is used. 

We consider the following DPCCH slot formats:

	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/

Frame
	Bits/

Slot
	Npilot
	NTPC
	NTFCI
	NFBI

	1
	15
	15
	256
	150
	10
	8
	2
	0
	0

	New 1
	15
	15
	256
	150
	10
	5
	5
	0
	0

	New 2
	15
	15
	256
	150
	10
	4
	6
	0
	0


2.2 Simulation Results
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Figure 1:  CQI performance in PA3, 1 slot channel estimation, with and without TPC-assistance

Figure 1 shows that CQI performance is degraded when the number of pilot bits is reduced. Note that when the channel estimate is averaged over just 1 slot, TPC assistance is not useful. This changes if the channel estimate can be averaged over a longer period, as shown in Figure 2.
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Figure 2: CQI performance in PA3, 3 slot channel estimation, with and without TPC-assistance

A similar effect is observed for the PB3 channel – Figure 3 and Figure 4, and for VA30 – Figure 5 and Figure 6.
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Figure 3: CQI performance in PB3, 1 slot channel estimation, with and without TPC-assistance
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Figure 4: CQI performance in PB3, 3 slot channel estimation, with and without TPC-assistance
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Figure 5: CQI performance in VA30, 1 slot channel estimation, with and without TPC-assistance
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Figure 6: CQI performance in VA30, 2 slot channel estimation, with and without TPC-assistance

In VA120, it is not beneficial to average the channel estimate over more than 1 slot, resulting in the performance curves shown in Figure 7.
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Figure 7: CQI performance in VA120, 1 slot channel estimation, with and without TPC-assistance

3 Observations and Conclusions

As shown in previous contributions (e.g. [1]), a new DPCCH slot format with a more suitable ratio of pilot energy to TPC energy can enable the DPCCH power can be reduced by around 2-3dB without any degradation in the TPC error rate. Larger reductions in DPCCH power could be achieved if the TPC error rate is allowed to degrade. 

From the simulation results presented above we observe:

1. If a new DPCCH slot format with fewer pilot bits is used during HS-DPCCH transmissions, there is a degradation in HS-DPCCH performance  for CQI (typically around 2dB). This degradation is larger for a new slot format with 5 pilot bits than for a new slot format with 4 pilot bits. 

2. The degradation in HS-DPCCH performance can be reduced slightly by using TPC-aided channel estimation, but only if the channel is sufficiently static for the channel estimate to be averaged over a few slots. When the coherence time of the channel is shorter, so that the channel estimate has to be derived from only 1 slot, use of TPC-aiding for the channel estimation further degrades the HS-DPCCH performance. 

Although we do not present results here for E-DCH performance, it should be noted that the CRC-protected E‑DPCCH is available to aid channel estimation for the E-DPDCH. 

In the light of these observations, we propose the following: 

· A new slot format is configured by RRC signalling in the same way as Rel-99 slot formats;

· The new slot format uses 5 pilot bits and 5 TPC bits;

· In DPCCH slots that overlap an HS-DPCCH transmission, the slot format switches dynamically to format 1 (8 pilots + 2 TPC) in order to protect the performance of the HS-DPCCH (which is critical for HS-DSCH performance). 

· Note that the Serving Node B knows exactly when to expect transmissions on the HS-DPCCH, so with this proposal there is no need for blind detection of the change of DPCCH slot format.

· In other DPCCH slots, including those where E-DCH is transmitted (unless HS-DPCCH is also transmitted), the new slot format continues to be used. (As the Node B does not have full knowledge of when E-DCH will be transmitted, keeping the slot format the same avoids any need for blind detection of the DPCCH slot format at the Node B). 

· In slots where E-DCH is transmitted, the UE can apply a DPCCH power offset if more pilot energy is needed. As the E-DPDCH transmission power will typically be considerably greater than the HS-DPCCH transmission power, the relative impact of increasing the DPCCH power would be smaller in this case. 

A corresponding text proposal for TR25.903 follows. 

4 Text proposal for TR25.903

-- Start of text proposal --

4.1.2.1
Simulation Results on UL TPC error rate

The performance results here show the UL DPCCH Eb/N0 required to achieve a given UL TPC error rate for some different DPCCH slot formats. These would be applicable for the case where only the UL DPCCH is present.

The simulation assumptions are as follows:

· 2GHz carrier frequency

· DPCCH SF = 256

· Non-SHO

· UL power control using PCA1 and a 1dB step size, with a 4% error rate on DL TPC commands

· DL power control using DPC_MODE= 0 is assumed 

· Dual-antenna receive-diversity at Node B

· Uplink channel phase estimation averaged over either 1 or 3 slots

· UL channel model: PA, PB or VA

· UE speed 3 or 120km/h
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Figure 4.1.2.1-1: UL TPC error rate  for PB3 with 3-slot channel estimate
[image: image32.png]——8pilat, 2 TPC
——6pilot, 4 TPC

———5pilat, 5 TPC
———4pilot, 6 TPC
~—— 2pilot, B TPC




[image: image16.png]Error rate

Pa3conslots3

EbiNo / dB




Figure 4.1.2.1-2: UL TPC error rate for PA3 with 3-slot channel estimate
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Figure 4.1.2.1-3: UL TPC error rate for VA120 with 1-slot channel estimate

The simulation results presented above for PA, PB and VA channels at UE speeds from 3km/h to 120km/h show that the Eb/N0 required for the UL DPCCH can be reduced for a given TPC error rate by changing the ratio of pilot to TPC bits per slot.  The gains are typically in the region 2-3dB.

Considering the TPC error rate, a slot format with 4 pilot bits and 6 TPC bits seems to give robust performance regardless of the averaging period of the channel estimate. 
4.1.2.2
Simulation results on other UL channels
The basic simulation assumptions here are as follows:

· 2GHz carrier frequency

· DPCCH SF = 256

· Non-SHO

· UL power control using PCA1 and a 1dB step size, with a 4% error rate on DL TPC commands

· Dual-antenna receive-diversity at Node B

· Uplink channel phase estimation averaged over 1 to 3 slots

· UL channel model: PA, PB or VA

· UE speed 3, 30 or 120km/h

The case of HS-DPCCH being transmitted in parallel with the DPCCH is considered, to examine the effect of changing the DPCCH slot format on the decoding of the HS-DPCCH. For the HS-DPCCH, the following assumptions are used:

· βhs = βc 
· N_cqi_transmit = 1 (i.e. no repetition)
Under these conditions, the CQI is error rate is measured, using two different types of channel estimation:

· Channel estimation using DPCCH pilot bits only

· TPC-aided channel estimation (using both pilot bits and TPC bits)

MLSE decoding is used. 

The following DPCCH slot formats are evaluated:

	Slot Format #I
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/

Frame
	Bits/

Slot
	Npilot
	NTPC
	NTFCI
	NFBI

	1
	15
	15
	256
	150
	10
	8
	2
	0
	0

	New 1
	15
	15
	256
	150
	10
	5
	5
	0
	0

	New 2
	15
	15
	256
	150
	10
	4
	6
	0
	0
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Figure X1:  CQI performance in PA3, 1 slot channel estimation, with and without TPC-assistance
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Figure X2: CQI performance in PA3, 3 slot channel estimation, with and without TPC-assistance
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Figure X3: CQI performance in PB3, 1 slot channel estimation, with and without TPC-assistance
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Figure X4: CQI performance in PB3, 3 slot channel estimation, with and without TPC-assistance
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Figure X5: CQI performance in VA30, 1 slot channel estimation, with and without TPC-assistance
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Figure X6: CQI performance in VA30, 2 slot channel estimation, with and without TPC-assistance
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Figure X7: CQI performance in VA120, 1 slot channel estimation, with and without TPC-assistance

4.1.2.3
Observations 

From the simulation results presented above, it is observed that:
1. If a new DPCCH slot format with fewer pilot bits is used during HS-DPCCH transmissions, there is a degradation in HS-DPCCH performance for CQI (typically around 2dB). This degradation is larger for a new slot format with 5 pilot bits than for a new slot format with 4 pilot bits. 

2. The degradation in HS-DPCCH performance can be reduced slightly by using TPC-aided channel estimation, but only if the channel is sufficiently static for the channel estimate to be averaged over a few slots. When the coherence time of the channel is shorter, so that the channel estimate has to be derived from only 1 slot, use of TPC-aiding for the channel estimation further degrades the HS-DPCCH performance. 

In the light of these observations, the following behaviour could be useful: 

· A new slot format is configured by RRC signalling in the same way as Rel-99 slot formats;

· The new slot format uses 5 pilot bits and 5 TPC bits;

· In DPCCH slots that overlap an HS-DPCCH transmission, the slot format switches dynamically to format 1 (8 pilots + 2 TPC) in order to protect the performance of the HS-DPCCH (which is critical for HS-DSCH performance). 

· Note that the Serving Node B knows exactly when to expect transmissions on the HS-DPCCH, so with this proposal there is no need for blind detection of the change of DPCCH slot format.

· In other DPCCH slots, including those where E-DCH is transmitted (unless HS-DPCCH is also transmitted), the new slot format continues to be used. (As the Node B does not have full knowledge of when E-DCH will be transmitted, keeping the slot format the same avoids any need for blind detection of the DPCCH slot format at the Node B). 

· In slots where E-DCH is transmitted, the UE can apply a DPCCH power offset if more pilot energy is needed. As the E-DPDCH transmission power will typically be considerably greater than the HS-DPCCH transmission power, the relative impact of increasing the DPCCH power would be smaller in this case.  

4.1.2.4
Power control delay

-- End of text proposal --
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