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1. Introduction

A preliminary discussion took place at RAN1#26 concerning the introduction of QPSK-only UE capability combinations for HSDPA. This documents considers the advantages and disadvantages of introducing QPSK-only terminals from a UE engineering perspective, and proposes some limited changes to the existing FDD HSDPA UE capability combinations to address such a requirement.

2. UE QPSK / 16-QAM Implementation Aspects

2.1. UE Complexity Aspects

In determining the impact of 16-QAM on UE implementation complexity, the two primary aspects to consider are 

a) Baseband aspects such despreading, combining, turbo-decoding etc., and 

b) RF receiver front-end (RFE) aspects such as RF linearity, frequency-conversion phase noise, analog-digital conversion etc.

2.1.1 Baseband impacts
Assuming a RAKE architecture, the use of 16-QAM has no significant impact on channel estimation and RAKE combining. Log-likelihood ratio (LLR) parameter estimation
 (or equivalent) is required for 16-QAM [1], however, and is not nominally required for QPSK. Nevertheless, the simplest forms of direct QPSK soft decision extraction are vulnerable to changes in the HS-PDSCH power level and other-cell noise power observed between symbol re-transmissions in HSDPA – so in practice a simple QPSK terminal may also have issues. Further, several of the processing elements of 16-QAM LLR determination appear to be shareable with Channel Quality Indicator (CQI) processing [2], reducing 16-QAM specific processing load. 

Assuming the same inter-TTI distance, the primary changes in baseband computational load induced by 16-QAM occur in:

a) doubling of coded bit LLR (or equivalent) statistic estimation complexity, 

b) increased interleaver/de-interleaver processing and memory size, 

c) doubling of turbo-decoder processing. 

Nevertheless, for the same mean information bit rate (e.g. comparing a 5-code, QPSK-only, inter-TTI distance = 1 capability combination with a 5-code, QPSK+16-QAM, inter-TTI distance = 2 combination), the computational complexity per information bit appears to be approximately the same. This neglects, of course, any additional buffering required to support smaller inter-TTI distances (e.g. data queuing and multiplexing buffers etc.) which might be larger for such a QPSK-only receiver, but this is  implementation dependent.

Therefore the UE computational complexity appears determined largely by the mean information bit rate associated with the UE capability, with the use of 16-QAM being of secondary importance.

2.1.1. RF Receiver Front End (RFE)

Simulations results presented in RAN 4 [3] for the QPSK and 16-QAM fixed reference channel performance loss due to UE impairments associated with a practical implementation have not yet indicated changes required for 16-QAM operation, although RAN4 has not yet completed its work.

2.2. UE Testing

The test requirement in RAN4 is relatively independent of the modulation type and does not require 16-QAM specific test equipment as general test equipment is designed to support a number of different modulation formats.

Therefore the use of 16QAM does not present a burden in terms of test performance issues 

2.3. System Performance with 16-QAM

Initial analysis of HSDPA link and system simulation performance tended to stress low delay-spread conditions. However, the introduction [8]

 REF _Ref12944154 \r \h 
[9]

 REF _Ref12944156 \r \h 
[10] into RAN4’s HSDPA work of delay spread models more consistent with urban areas has re-emphasized Pedestrian-B and Vehicular-A performance.

Simulation results [5]

 REF _Ref12773187 \r \h 
[6] concerning the relative capacity of HSDPA deployments with and without 16-QAM show that – where the receiver population is restricted to conventional RAKE receivers – little, if any, benefit occurs from the inclusion of 16-QAM when the number of HSDPA-available OVSF codes is relatively unrestricted. Substantial benefit occurs largely for deployments where low delay spread channels (e.g. Pedestrian-A) occur relatively frequently, such as for indoor nomadic (WLAN-type pattern of usage) or rural outdoor deployments.
Therefore, the throughput is highly dependent on the network deployment scenario; if the network operator chooses not to support HSPDA for indoor deployment (Pedestrian-A) then the throughput increase provided by 16QAM will not be realized for RAKE receivers. Indeed, if HSDPA is perceived as a wide-area augmentation of UMTS service, complementary to other, less widely available, air interfaces – such as WLAN technologies – then the indoor deployment argument in favor of 16-QAM has very little merit.

3. UE Capability Categories

An initial proposal for a set of QPSK-only capability categories was made at RAN1#26 [4]. That proposal specified a 600kbps QPSK-only UE capability, but:

a) This maximum throughput is only twice that of the 384 Kbps rate specified in RAN4 and therefore may not represent a significant increase in system throughput performance,

b) As pointed out in [7] – this requirement seems consistent with a Release-’99 (i.e. DSCH) capability, and may be under-specified for HSDPA deployment time frames. The maximum throughput with the DSCH is 1.92 Mbps.

c) Concern has also being raised that the number of UE capability categories should be minimized.

d) CDMA technologies competitive to UMTS Release-5 (such as 1xEV-DV and 1xEV-DO) will support QPSK/16-QAM

Therefore, addition of QPSK-only capabilities should used more to provide a flexible route to initial HSDPA deployment. Accordingly, Table 1 proposes the addition of two QPSK-only capability categories to the existing HSDPA FDD HSDPA capability categories. Note that – in order to prevent further growth in the number of capabilities, and to preserve a monotonic increase the data-rate handled by each category – the current 1.2Mbps QPSK-16-QAM categories are deleted and replaced with QPSK-only categories.

These QPSK-only categories are intended as “transition” (“market entry”) categories designed to allow early QPSK implementation while still placing emphasis on future growth of the HSDPA service through full-blown 16-QAM deployments.

	Revised

HS-DSCH
category
	Current

HS-DSCH

category
	Max. Avg. Bit Rate

(Mbps)
	Modulation

support
	Max.

number of HS-DSCH codes received
	Min. inter-TTI interval
	Maximum number of bits of an HS-DSCH transport block received within
an HS-DSCH TTI
	Total number of soft channel bits


	Category 1
	-
	0.9
	QPSK
	5
	2
	3650
	14400

	Category 2
	-
	1.8
	QPSK
	5
	1
	3650
	28800

	Category 3
	Category 3
	1.8
	QPSK/16-QAM
	5
	2
	7300
	28800

	Category 4
	Category 4
	1.8
	QPSK/16-QAM
	5
	2
	7300
	38400

	Category 5
	Category 5
	3.6
	QPSK/16-QAM
	5
	1
	7300
	57600

	Category 6
	Category 6
	3.6
	QPSK/16-QAM
	5
	1
	7300
	67200

	Category 7
	Category 7
	7.2
	QPSK/16-QAM
	10
	1
	14600
	115200

	Category 8
	Category 8
	7.2
	QPSK/16-QAM
	10
	1
	14600
	134400

	Category 9
	Category 9
	10.2
	QPSK/16-QAM
	15
	1
	20432
	172800

	Category 10
	Category 10
	14.4
	QPSK/16-QAM
	15
	1
	28776
	172800


Table 1 - Revised FDD HSDPA UE Capability Categories

4. Conclusions

That there is no fundamental obstacle to supporting dual modulation formats seems underlined by the continuing deployment of EDGE terminals offering both 8-PSK and GMSK. Further, CDMA technologies competitive to UMTS Release-5 (such as 1xEV-DV and 1xEV-DO) will support QPSK/16-QAM. This would indicate there is no significant technology barrier to incorporating 16QAM, especially when deployment of HSDPA-capable devices is still some time away.

An assessment of the added complexity of baseband and receiver front-end engineering required to support 16-QAM indicates a modest increase in complexity per information bit. Further, the necessary development engineering to deliver 16-QAM capability does not appear to be significantly greater than that required for QPSK-only HSDPA terminals. Rather, UE complexity is determined by the maximum mean information bit rate supported by the UE’s capability combination.

As indicated previously by Motorola, however, the system capacity enhancement offered by 16-QAM when using conventional RAKE receivers is not significant when the multipath channel model is restricted to delay-spreads typical of urban settings. Rather, increases in capacity occur in situations where usage patterns result in low delay-spread channels such as is the case with Pedestrian-A.

Consequently, if market demands so dictate, the rapid introduction of HSDPA-capable terminals may benefit from defining a special set of QPSK-only capabilities, as indicated in Table 1.

This proposal is designed to introduce HSDPA QPSK-only categories without increasing the total number of UE categories, while providing a scalar increase in throughput performance, and future-proofing the HS-DSCH against the adoption of improved receiver architectures in the medium- and long-term.

5. Recommendations

RAN1 should consider adopting an “transition” set of QPSK-only capabilities for HSDPA, as defined in Table 1.
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� Sometimes referred to as “pilot-data ratio estimation”.






