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1
Introduction 
As part of a system study on the utilization of very high data rates (3.5 Mbps to 11 Mbps) in the uplink of HSPA, a detailed link analysis [1], [2] using 16-QAM was performed. In that study we observed that the required pilot set point (Ecp/Nt) was significantly higher than the nominal Ecp/Nt required in low to high target data rates (16 kbps to 1,435.5 kbps) used in Release 6 best effort traffic simulations.
In this contribution we review the results in [2] and compare the pilot set-point requirement for different categories of data rates (low to high data rates and very high data rates) thereby justifying the need for an enhanced phase reference for very high data rates.  

Since the current power control scheme in HSUPA is not fast enough to achieve these instantaneously high pilot set-points, we consider 3 potential schemes that can help achieve an enhanced phase reference and list the advantages and disadvantages of each of these schemes.
2
Background
We could classify the data rates into two main categories:

· Low to High Data Rates 
· Transport block sizes ranging from 128 to 11,484 bits

· Target 4 H-ARQ transmissions
· 2ms TTI

· Target Data rates ranging from 16kbps to 1,435.5 kbps

· BPSK or QPSK Modulation

· Very High Data Rates

· Transport block sizes ranging from 7,000 to 20,000 bits

· Target 1 H-ARQ Transmission
· 2ms TTI

· Target Data rates ranging from 3,500 kbps to 10,000 kbps
· QPSK Modulation for data rates < 4,096 kbps

· 16-QAM Modulation for data rates > 4,096 kbps
Tables 1 and 2 list the required pilot set-point (average Ecp/Nt) for each of these 2 categories in different channel models.
Table 1: Pilot SINR set point for low to high data rates

	TBS

 (bits)
	Target rate 

(kb/s)
	Pilot SINR (dB)

	
	
	PA3
	PB3
	VA30
	VA120
	TU3

	128
	16
	-21.5705
	-20.5351
	-19.9872
	-18.6978
	-20.1647

	256
	32
	-22.0170
	-20.9359
	-20.3678
	-19.0591
	-20.5885

	512
	64
	-21.8248
	-20.8482
	-20.1684
	-18.8797
	-20.4250

	768
	96
	-22.0002
	-20.9971
	-20.4240
	-19.1245
	-20.6348

	1024
	128
	-21.4069
	-20.4627
	-19.8157
	-18.5187
	-20.1232

	2048
	256
	-21.1478
	-20.3554
	-19.7035
	-18.4152
	-19.9920

	3072
	384
	-21.3505
	-20.5340
	-19.8979
	-18.5902
	-20.1953

	4096
	512
	-21.0783
	-20.3726
	-19.7294
	-18.3617
	-20.0261

	5120
	640
	-21.4101
	-20.7293
	-20.0961
	-18.7956
	-20.4108

	6144
	768
	-21.2007
	-20.5746
	-19.9553
	-18.6629
	-20.2572

	7168
	896
	-21.3437
	-20.7171
	-20.1317
	-18.7502
	-20.4494

	8192
	1,024
	-21.1107
	-20.5772
	-19.9672
	-18.6608
	-20.3377

	11484
	1,435.5
	-21.1107
	-20.5772
	-19.9672
	-18.6608
	-20.567


Table 2: Pilot SINR set point for very high data rates
	TBS

 (bits)
	Target rate 

(kb/s)
	Pilot SINR (dB)

	
	
	PA3
	PB3
	TU3
	VA30

	7,000
	3,500
	-11.7
	-10
	-10
	-

	8,192
	4,096
	-7.8
	-9.2
	-9
	-

	9,000
	4,500
	-7
	-10.5
	-10.5
	-7.5

	10,000
	5,000
	-6.5
	-10.2
	-10
	-

	11,000
	5,500
	-5.5
	-9.7
	-12.6
	-4.6

	12,000
	6,000
	-
	-
	-5.7
	-

	13,000
	6,500
	-
	-
	-5
	-

	14,000
	7,000
	-4
	-9.6
	-4
	

	16,384
	8,192
	-2
	-
	-
	-

	18,000
	9,000
	0.8
	-
	-
	-

	20,000
	10,000
	0.3
	-
	-
	-


As observed in Table 1 and Table 2, the pilot set point (Ecp/Nt) differs significantly between the low to high data rates and the very high rates. The difference in set point can be as high as 21.4 dB. This motivates the need for an enhanced pilot reference when very high data rates are used. Note that the use of the enhanced phase reference should be looked at in conjunction with the potential impact to other procedures such as power control. 
In the following section, we list some potential schemes to achieve an enhanced pilot reference.

3
Potential Schemes to achieve enhanced pilot reference

3.1
Power Boosting of E-DPCCH 
Description:

· The E-DPCCH serves as the enhanced pilot reference for E-DPDCH demodulation. 
· When transmitting E-TFCI corresponding to very high data rates, the UE applies a power offset.
· Upon decoding the E-DPCCH, the Node-B accordingly decides to use the E-DPCCH as an enhanced pilot reference for E-DPDCH demodulation.
· The offset maybe set up at the UE via an RRC signaling message.
· The Information Field Mapping of the Absolute Grant Value (E-AGCH) Table would need to be modified to reflect the increased range of the absolute grant value (Traffic to DPCCH Pilot Ratio)
Advantages:
· No additional uplink PHY channel is needed to help establish an enhanced pilot reference.

· The UE can transition from very high data rates to very low data rates on a per 2m TTI basis, without the need to modify the power control algorithm i.e. inner and outer loops do not require any modification due to this option. This allows full flexibility to the HSUPA scheduler.
· Current Node-B receivers already demodulate E-DPCCH. There is no further need to introduce a de-spreading element due to this change as would be the case with the inclusion of a secondary pilot.
· There is no need to restrict very high data rates to non-soft handover users since both the serving and non-serving cell would rely on decoding the E-DPCCH.
Disadvantages/Restrictions:

· Pilot Reference Processing (such as Channel Estimation, Time and Frequency Tracking) may only be performed on E-DPCCH after the E-DPCCH has been decoded. This may slightly delay the overall processing of the very high data rate users. However, given that there will be very few users (most likely 1) scheduled with very high data rates in a 2ms TTI, this should not affect the processing of the other users who do not need to rely on E-DPCCH for the purpose of pilot reference.
· Note that to minimize the impact on the E-DPDCH processing time line, hard decoding of E-DPCCH could be used as an alternative to using the decoded and re-encoded E-DPCCH as a phase reference for E-DPDCH.

3.2

Power Boosting of DPCCH

Description:

· The DPCCH serves as the enhanced pilot reference by allowing the UE to apply a power offset to the DPCCH channel.
· When transmitting E-TFCI corresponding to very high data rates, the UE applies a fixed power offset with respect to the βc setting prior to transitioning to very high data rate. The UE keeps obeying power control commands from the Node-B.
· The offset maybe set up at the UE via an RRC signaling message.
· Since the range of Traffic to boosted DPCCH (9dB to 18 dB) falls well within the current Information Field Mapping of the Absolute Grant Value (E-AGCH) Table there is no need to modify this table. However, there will be scenarios wherein the low to high data rate users may have the same required Traffic to Pilot ratio as the very high data rate user i.e., there is a many to one mapping. In this case, the Node-B would need to remove this potential ambiguity.
Advantages:

· No additional uplink channel is needed to help establish an enhanced pilot reference.
· Current Node-B receivers already process DPCCH. There is no further need to introduce a de-spreading element due to this change as would be the case with the inclusion of a secondary pilot.

Disadvantages/Restrictions:

· This scheme is heavily dependent on the UE making use of the grant provided by the Node-B. This is a key requirement to allow the Node-B to adjust its outer loop set-point every 2ms TTI in accordance to the power offset applied to the DPCCH when very high data rates are transmitted.

· This scheme is not suitable for soft handover users. In other words, very high data rates would need to be restricted to non-soft handover users. This is because the non-serving cell is not aware of the grants made by the serving cell. As a result it will not be able to adjust its inner loop set point accordingly.
· Need to study further the sensitivity of the power control algorithm to incorrect set-point adjustments made by the Node-B, mainly due to UE not utilizing the grant allocated to it.

3.3 Introduction of a Secondary Pilot Channel
Description:

· A new pilot channel (secondary pilot channel) is transmitted on the uplink whenever the UE transmits very high data rates.
· The Node-B needs to detect the presence of the secondary pilot channel prior to using it as a pilot reference. This detection could also be done from the detection of the E-DPCCH. 
Advantages:

· An additional uplink channel is needed to help establish an enhanced pilot reference.

· The UE can transition from very high data rates to very low data rates on a per 2m TTI basis, without the need to modify the power control algorithm i.e. inner and outer loops continue to operate on the primary pilot channel (DPCCH). This allows full flexibility to the HSUPA scheduler.
· There is no need to restrict very high data rates to non-soft handover users since both the serving and non-serving cell would rely on detecting and using the secondary pilot channel for the purpose of pilot reference processing.

Disadvantages/Restrictions:

· The Node-B receiver needs to introduce a secondary pilot detector for each user.
· For the users for which secondary pilot is detected, i.e. very high data rate users (most likely 1 user per cell per 2ms TTI), the Node-B needs to process the secondary pilot channel for these users.
4
Conclusion

A justification to enhance the phase reference of the uplink for the purpose of transmission of very high data rates has been discussed. 

Furthermore, 3 potential phase reference enhancement schemes were discussed. Amongst these schemes, we find the scheme based on E-DPCCH power boosting the most promising for the following reasons:
· It plays the role of a boosted secondary pilot scheme (after de-coding the E-DPCCH channel) without the need to introduce an additional PHY channel on the uplink.
· The power control (inner and outer loop) algorithms remain unaltered.

· This scheme allows full flexibility to the HSUPA scheduler i.e. the scheduler can schedule a user to transition between low, high and very high data rates on a 2ms TTI basis.
· There is no need to restrict the size of the active set size of the very high data rate users.
5
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