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1 Introduction

In the earlier RAN4 meetings there’s been a lot of discussion about minimum performance requirements for UE modulation accuracy. There’s work ongoing to extend exiting phase continuity requirements also for HSDPA and new figures of merit like Code power stability and new Code domain error definitions have been discussed. This contribution will continue that discussion and proposes one way forward in this topic.
2 Discussion

It’s generally recognized that existing UE modulation accuracy requirements (EVM and PCDE), that were initially created for R99 and served the purpose well with R99 UL channels, have become obsolete with HSDPA and especially with HSUPA. Composite measurement is secondary measures for UL signal quality as what really matters is a quality of modulated channels.
In the Rel-5 there’s work ongoing to specify phase continuity requirements for HSDPA transmissions, which together with EVM would guarantee sufficient uplink signal quality. As the number of uplink code channels in Rel-5 is in practice low (3) and the powers of the channels are in the same order this is seen a viable and least effort way forward. However, as the phase continuity requirements that have been discussed are absolute in nature (hard limit) and allow no exceptions there’s a risk that too stringent requirements will be set for the UE.
In the Rel-6 where the number of code channels will be high and the power difference between the code channels can be large the existing modulation accuracy requirements fail as stated earlier which is also shown in [3]. From the link performance point of view it’s important that

1) the UE transmits the code channels with right weighting

2) the SNR of transmitted codes is high enough i.e. CDE is low
Requirement for correct weighting would guarantee that the UE behaves as expected by the network. For system and NodeB it’s important that the ratio of the each code channel and DPCCH is within acceptable limits. The SNR requirement would guarantee that the signal quality of the transmitted codes is good enough. These two requirements together would guarantee that NodeB will be able to demodulate each code with good performance. 
The Uplink Code power stability for HSUPA is discussed in [4] and CDE that is basically same thing as code SNR is discussed in [3].
Another way to address the same problem would be to derive the Code domain SNR/Error requirements (CDE) from the existing composite signal EVM requirement that is 17.5% i.e. the "noise" caused by modulation inaccuracies must be 15dB below the composite signal power. In practice this would mean that if only one code is transmitted the SNR requirement would be 15dB assuming SF=1. If two codes are transmitted both at -3dB the SNR requirement would be 12dB and so on. As the signal quality measurement would be done for demodulated signal i.e. for symbols the Es/No (=Eb/No as BPSK modulation is used for each UL code) that is measured is naturally 10*log10(SF) higher.

On the next pages there are more examples that will clarify the idea in more detail:

1.) 12.2kbps voice + HS-DPCCH with Delta_hs=30 (Bc= 11/15, Bd= 15/15 and Bhs=30/15*11/15= 22/15) i.e. the code powers vs. the composite powers are -8.36, -5.67 and -2.34dB and the resulting SNR requirements are 6.8, 9.5, 12.8dB respectively.
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DPCCH 11 256 11.00 121.00 0.00 -8.36 6.8 30.9

DPDCH 15 64 15.00 225.00 2.69 -5.67 9.5 27.5

HS-DPCCH 30 256 22.00 484.00 6.02 -2.34 12.8 36.9

E-DPCCH 0 1 0.00 0.00 -143.52 -151.88 -136.7 -136.7

E-DPDCH1 0 1 0.00 0.00 -143.52 -151.88 -136.7 -136.7

E-DPDCH2 0 1 0.00 0.00 -143.52 -151.88 -136.7 -136.7

E-DPDCH3 0 1 0.00 0.00 -143.52 -151.88 -136.7 -136.7

E-DPDCH4 0 1 0.00 0.00 -143.52 -151.88 -136.7 -136.7


2.) EDCH FRC1 with diversity, 64kbps DPDCH and HS-DPCCH
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DPCCH 8 256 8.0 64.0 0.00 -13.7 1.4 25.5

DPDCH 15 16 15.0 225.0 5.46 -8.2 6.9 18.9

HS-DPCCH 19 256 10.1 102.7 2.05 -11.6 3.5 27.6

E-DPCCH 19 256 10.1 102.7 2.05 -11.6 3.5 27.6

E-DPDCH1 42 4 22.4 501.8 8.94 -4.7 10.4 16.4

E-DPDCH2 42 4 22.4 501.8 8.94 -4.7 10.4 16.4

E-DPDCH3 0 1 0.0 0.0 -143.52 -157.2 -142.1 -142.1

E-DPDCH4 0 1 0.0 0.0 -143.52 -157.2 -142.1 -142.1


3.) EDCH FRC2 with diversity
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Delta Beta SF (LIN) (LIN) (dB) (dB) (dB) (dB)

DPCCH 15 256 15.0 225.0 0.00 -13.7 1.5 25.6

DPDCH 0 1 0.0 0.0 -143.52 -157.2 -142.0 -142.0

HS-DPCCH 0 1 0.0 0.0 -143.52 -157.2 -142.0 -142.0

E-DPCCH 24 256 24.0 576.0 4.08 -9.6 5.6 29.6

E-DPDCH1 (SF2) 47 2 47.0 2209.0 9.92 -3.7 11.4 14.4

E-DPDCH2 (SF2) 47 2 47.0 2209.0 9.92 -3.7 11.4 14.4

E-DPDCH3 0 1 0.0 0.0 -143.52 -157.2 -142.0 -142.0

E-DPDCH4 0 1 0.0 0.0 -143.52 -157.2 -142.0 -142.0


4.) EDCH FRC3 no-diversity
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Delta Beta SF (LIN) (LIN) (dB) (dB) (dB) (dB)

DPCCH 15 256 15.0 225.0 0.00 -17.0 -1.9 22.2

DPDCH 0 1 0.0 0.0 -143.52 -160.5 -145.4 -145.4

HS-DPCCH 0 1 0.0 0.0 -143.52 -160.5 -145.4 -145.4

E-DPCCH 19 256 19.0 361.0 2.05 -15.0 0.2 24.3

E-DPDCH1 (SF2) 60 2 60.0 3600.0 12.04 -5.0 10.2 13.2

E-DPDCH2 (SF2) 60 2 60.0 3600.0 12.04 -5.0 10.2 13.2

E-DPDCH3 42 4 42.0 1764.0 8.94 -8.1 7.1 13.1

E-DPDCH4 42 4 42.0 1764.0 8.94 -8.1 7.1 13.1


5.) EDCH and HSDPA max betas case
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DPCCH 15 256 15.0 225.0 0.00 -25.9 -10.7 13.4

DPDCH 0 1 0.0 0.0 -143.52 -169.4 -154.2 -154.2

HS-DPCCH 30 256 30.0 900.0 6.02 -19.8 -4.7 19.4

E-DPCCH 30 256 30.0 900.0 6.02 -19.8 -4.7 19.4

E-DPDCH1 (SF2) 168 2 168.0 28224.0 20.98 -4.9 10.3 13.3

E-DPDCH2 (SF2) 168 2 168.0 28224.0 20.98 -4.9 10.3 13.3

E-DPDCH3 119 4 119.0 14161.0 17.99 -7.9 7.3 13.3

E-DPDCH4 119 4 119.0 14161.0 17.99 -7.9 7.3 13.3


The analysis above shows that for channels with high SF it’s in theory possible to achieve very high Es/No, that are actually far higher than needed for good system performance. Therefore it would be useful to agree on a minimum Es/No requirement (CDE) for individual codes.

During the NodeB EDCH minimum demodulation performance work it was found out that maximum Ec/Io of ~3dB is required under AWGN conditions for FRC3 without RX diversity assuming ideal receiver and 70% Tput [5]. This should be seen as the worst case condition, as power control was not used in the simulations for multipath fading conditions and hence it would not be fair for UE if these would be used as a starting point as limitations in nodeB demodulation performance should not lead to unnecessary hard UE requirements. As shown in the following table, Ec/No of 3dB corresponds to -2 and -5.1 dB Ec/No per SF2 and SF4 codes which means that Es/No for E-DPDCH channels is ~1dB. Assuming that 10dB better signal quality is needed at the transmitting end the minimum ~11dB Es/No (CDE) requirement for UE transmitter should be sufficient to guarantee proper system performance for the Rel-6 UL.
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0.00 -17.01 -14.01 10.07

-143.52 -160.54 -157.54 -157.54

-143.52 -160.54 -157.54 -157.54

2.05 -14.96 -11.96 12.12

12.04 -4.97 -1.97 1.04

12.04 -4.97 -1.97 1.04

8.94 -8.07 -5.07 0.95

8.94 -8.07 -5.07 0.95

COMP Ec/No 3


Another issue that should be considered is that existing parameter ranges for betas allow up to 45dB code channel power difference (CCPR) and therefore some limitation is needed for CCPR range where the CDE requirement is valid. Looking at the examples above we can find out that in the FRC1 to FRC3 cases CCPR is less than 13dB and even for very extreme case shown in example 5 the CCPR is 21dB. Therefore limiting the applicability of Es/No (CDE) requirement for cases where CCPR is less of equal to 20dB should not cause any system performance degradations.
3 Conclusions

In this contribution it’s proposed that Code power stability and Code domain SNR/Error (CDE) requirement would be used as uplink signal quality metrics for the HSUPA transmissions. Based on the analysis in section 2 it would seem that -11dB maximum CDE requirement for CCPR range of 20dB should guarantee good WCDMA system performance It should also be analyzed if these two metrics could actually replace all of the existing UL signal quality metrics i.e. composite EVM, PCDE and phase continuity. We believe that these metrics would serve the purpose also in the future even if significant changes and evolution would happen in the WCDMA UL.
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														POWER		POWER

										AMPLITUDE		POWER		RELATIVE TO DPCCH		RELATIVE TO COMPOSITE		SNR REQ
SF=1		Es/No

				Delta		Beta		SF		(LIN)		(LIN)		(dB)		(dB)		(dB)		(dB)

		DPCCH				8		256		8.0		64.0		0.00		-13.7		1.4		25.5

		DPDCH				15		16		15.0		225.0		5.46		-8.2		6.9		18.9

		HS-DPCCH		19				256		10.1		102.7		2.05		-11.6		3.5		27.6

		E-DPCCH		19				256		10.1		102.7		2.05		-11.6		3.5		27.6

		E-DPDCH1		42				4		22.4		501.8		8.94		-4.7		10.4		16.4

		E-DPDCH2		42				4		22.4		501.8		8.94		-4.7		10.4		16.4

		E-DPDCH3		0				1		0.0		0.0		-143.52		-157.2		-142.1		-142.1

		E-DPDCH4		0				1		0.0		0.0		-143.52		-157.2		-142.1		-142.1

		SUM										1497.89				0.00

		EVM		0.175														-15.1
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														POWER		POWER

										AMPLITUDE		POWER		RELATIVE TO DPCCH		RELATIVE TO COMPOSITE		SNR REQ
SF=1		Es/No

				Delta		Beta		SF		(LIN)		(LIN)		(dB)		(dB)		(dB)		(dB)

		DPCCH				15		256		15.0		225.0		0.00		-13.7		1.5		25.6

		DPDCH				0		1		0.0		0.0		-143.52		-157.2		-142.0		-142.0

		HS-DPCCH		0				1		0.0		0.0		-143.52		-157.2		-142.0		-142.0

		E-DPCCH		24				256		24.0		576.0		4.08		-9.6		5.6		29.6

		E-DPDCH1 (SF2)		47				2		47.0		2209.0		9.92		-3.7		11.4		14.4

		E-DPDCH2 (SF2)		47				2		47.0		2209.0		9.92		-3.7		11.4		14.4

		E-DPDCH3		0				1		0.0		0.0		-143.52		-157.2		-142.0		-142.0

		E-DPDCH4		0				1		0.0		0.0		-143.52		-157.2		-142.0		-142.0

		SUM										5219.00				0.00

		EVM		0.175														-15.1
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		POWER		POWER		Ec/No		Es/No

		RELATIVE TO DPCCH		RELATIVE TO COMPOSITE		PER CODE		PER CODE

		(dB)		(dB)		(dB)		(dB)

		0.00		-17.01		-14.01		10.07

		-143.52		-160.54		-157.54		-157.54

		-143.52		-160.54		-157.54		-157.54

		2.05		-14.96		-11.96		12.12

		12.04		-4.97		-1.97		1.04

		12.04		-4.97		-1.97		1.04

		8.94		-8.07		-5.07		0.95

		8.94		-8.07		-5.07		0.95

				COMP Ec/No		3



mpetters:
Worst case AWGN, single antenna
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														POWER		POWER

										AMPLITUDE		POWER		RELATIVE TO DPCCH		RELATIVE TO COMPOSITE		SNR REQ
SF=1		Es/No

				Delta		Beta		SF		(LIN)		(LIN)		(dB)		(dB)		(dB)		(dB)

		DPCCH				11		256		11.00		121.00		0.00		-8.36		6.8		30.9

		DPDCH				15		64		15.00		225.00		2.69		-5.67		9.5		27.5

		HS-DPCCH		30				256		22.00		484.00		6.02		-2.34		12.8		36.9

		E-DPCCH		0				1		0.00		0.00		-143.52		-151.88		-136.7		-136.7

		E-DPDCH1		0				1		0.00		0.00		-143.52		-151.88		-136.7		-136.7

		E-DPDCH2		0				1		0.00		0.00		-143.52		-151.88		-136.7		-136.7

		E-DPDCH3		0				1		0.00		0.00		-143.52		-151.88		-136.7		-136.7

		E-DPDCH4		0				1		0.00		0.00		-143.52		-151.88		-136.7		-136.7

		SUM										830.00				-0.00

		EVM		0.175														-15.1
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														POWER		POWER

										AMPLITUDE		POWER		RELATIVE TO DPCCH		RELATIVE TO COMPOSITE		SNR REQ
SF=1		Es/No

				Delta		Beta		SF		(LIN)		(LIN)		(dB)		(dB)		(dB)		(dB)

		DPCCH				15		256		15.0		225.0		0.00		-25.9		-10.7		13.4

		DPDCH				0		1		0.0		0.0		-143.52		-169.4		-154.2		-154.2

		HS-DPCCH		30				256		30.0		900.0		6.02		-19.8		-4.7		19.4

		E-DPCCH		30				256		30.0		900.0		6.02		-19.8		-4.7		19.4

		E-DPDCH1 (SF2)		168				2		168.0		28224.0		20.98		-4.9		10.3		13.3

		E-DPDCH2 (SF2)		168				2		168.0		28224.0		20.98		-4.9		10.3		13.3

		E-DPDCH3		119				4		119.0		14161.0		17.99		-7.9		7.3		13.3

		E-DPDCH4		119				4		119.0		14161.0		17.99		-7.9		7.3		13.3

		SUM										86795.00				0.00

		EVM		0.175														-15.1
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														POWER		POWER

										AMPLITUDE		POWER		RELATIVE TO DPCCH		RELATIVE TO COMPOSITE		SNR REQ
SF=1		Es/No

				Delta		Beta		SF		(LIN)		(LIN)		(dB)		(dB)		(dB)		(dB)

		DPCCH				15		256		15.0		225.0		0.00		-17.0		-1.9		22.2

		DPDCH				0		1		0.0		0.0		-143.52		-160.5		-145.4		-145.4

		HS-DPCCH		0				1		0.0		0.0		-143.52		-160.5		-145.4		-145.4

		E-DPCCH		19				256		19.0		361.0		2.05		-15.0		0.2		24.3

		E-DPDCH1 (SF2)		60				2		60.0		3600.0		12.04		-5.0		10.2		13.2

		E-DPDCH2 (SF2)		60				2		60.0		3600.0		12.04		-5.0		10.2		13.2

		E-DPDCH3		42				4		42.0		1764.0		8.94		-8.1		7.1		13.1

		E-DPDCH4		42				4		42.0		1764.0		8.94		-8.1		7.1		13.1

		SUM										11314.00				-0.00

		EVM		0.175														-15.1
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