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1. Introduction

In the previous WG1 meeting there were already some papers available on peak to average ratio issues related to Enhanced uplink DCH study item [1],[2],[3], but they were not discussed due to lack of time.  This paper addresses also PAR for enhanced uplink DCH and the desired multiplexing structure.

2. PEAK TO AVERAGE RATIO ANALYSIS

2.1 Description of the cases for uplink multiplexing structure

Table 1 shows the possible cases for multiplexing following channels : DCH, EDCH, DPCCH, HSDPCCH and E-DPCCH. EDPCCH means generally L1 control needed for EDCH. Cases 1-4 are taken from [2]. Two new cases , 5 and 6 are added to the analysis in this paper. They describe the cases, where also HS-DPCCH is time multiplexed with some other channels, which was not addressed in the earlier cases.

Annex 1 shows generalized figures for all these 6 cases. They also show which physical code channels are needed for the lowest UE capability of supporting max 384kbit/s, highlighted in blue.

Table 1. The cases for uplink multiplexing structure. If something is time multiplexed with DCH, the physical channel is called DPDCH. If EDCH is on a separate code channel than DCH, the physical channel carrying EDCH (and possibly something else) is called E-DPDCH.

	Cases
	Description of the case
	Needed physical code channels

	Case 1
	All channels, EDCH, DCH, HSDPCCH, DPCCH and EDPCCH are code multiplexed
	DPCCH, DPDCH, E-DPDCH, HS-DPCCH, E-DPCCH

	Case 2
	EDCH and DCH on the same code channel (DPDCH). 

DPCCH, HSDPCCH and EDPCCH on separate code channels.
	DPCCH, DPDCH, HS-DPCCH, E-DPCCH

	Case 3
	EDCH, DCH and EDPCCH on the same code channel (DPDCH). 

DPCCH and HSDPCCH on separate code channels.
	DPCCH, DPDCH, HSDPCCH

	Case 4
	EDCH and EDPCCH on the same code channel (E-DPDCH). 

DCH, DPCCH and HSDPCCH on separate code channels.
	DPCCH, DPDCH, E-DPDCH, HS-DPCCH

	Case 5 
	EDCH, DCH, EDPCCH, and HSDPCCH on the same code channel (DPDCH). Only DPCCH on a separate code channel.
	DPCCH, DPDCH

	Case 6
	EDCH, HSDPCCH and EDPCCH on the same code channel (E-DPDCH). DPCCH and DCH on separate code channels
	DPCCH, DPDCH, E-DPDCH


2.2 Gain factors

Table 2 shows the gain factors used in cases 1-4 in [2].

Table 2. Gain factors for different code channels in cases 1-4 [2]. 

	DPCCH
	DPDCH
	E-DPDCH
	HS-DPCCH
	E-DPCCH
	Note

	 c
	SF
	 d
	SF
	 eu 
	SF
	 hs 
	SF 
	T
	SF
	

	3
	256
	6
	64
	15
	4
	6
	256
	6
	128
	This is used when EDPDCH contains 1 DPDCH @ SF=4

	6
	256
	12
	64
	15
	32
	12
	256
	12
	128
	This is used when EDPDCH contains 1 DPDCH @ SF=32.

	4
	256
	8
	64
	15
	4
	8
	256
	8
	128
	This is used when EDPDCH contains 2 DPDCHs @ SF=4 


Some comments on gain factors used for different code channels. It is currently specified in TS25.213, that the gain factors (c, used for DPCCH, and (d, used for DPDCH, are defined so that one of them is always equal to 1. On the other hand, the gain factor (hs , used for HS-DPCCH, is defined with the help of power offsets relative to DPCCH. The (hs value is derived from the power offset (ACK , (NACK and (CQI, signalled by higher layers. The possible quantised amplitude ratios for (ACK , (NACK and (CQI are 30/15, 24/15, 19/15, 15/15, 12/15,9/15, 8/15, 6/15 and 5/15. By applying power offset scheme for HS-DPCCH, it will allow DPCCH and DPDCH still to use the same dynamic range for  (c and (d, meaning that still one of them is equal to 1. This is since HS-DPCCH amplitude can be larger than 1. 

The same kind of methodology should be used when analyzing PAR for Enhanced Uplink DCH. The dynamic range of power levels for DPDCH and DPCCH should not be changed, i.e. it should be still defined that (c and (d, for DPCCH and DPDCH are defined as earlier, so one of them is always equal to 1. If new code channels are introduced, their amplitudes should be defined with power offsets relative to existing channels. As an example, in table 2 , the gain settings have not been defined according to current specification methodology. In table 2 it has been defined that both (c < 1and (d < 1, while it has been defined to be  eu =1. 

The other comment is that the gain factors in table 2 have been defined so that the power level of DPCCH is quite high, and that power levels of DPDCH and E-DPDCH are not balanced in respect to their SFs, meaning that DPDCH level is too high relative to E-DPDCH, when taking into account the SF of DPDCH.  The effect of this is discussed further in the next chapter when PAR results are looked at. 
Table 3 shows the gain factors used in the new cases 5 and 6. Here the gain factor setting of current specification is used. The idea in gain factors in table 3 is that when E-DPDCH is present, it gets the same energy per bit as the DPDCH has. So here the power level of DPDCH is relatively lower compared to E-DPDCH than in cases in table 2. Also DPCCH is at lower level than in cases in table 2.

Used as a comparison, table 4 shows the gain factors for case 6, when similar similar power levels for different code channels and gain factor setting methodology is used as in [2]. 

Table 3. Gain factors for cases 5-6 with same energy per bit for each code channel and gain setting methodology from current specifications. Table shows x from x/15 for each gain factor.

	
	DPCCH
	DPDCH
	E-DPDCH
	HS-DPCCH
	E-DPCCH

	
	 c
	SF
	 d
	SF
	 eu 
	SF
	 hs
	SF
	T
	SF

	Case 5a
	All
	256
	15
	All
	-
	-
	-
	-
	-
	-

	Case 5b
	4
	256
	15
	4
	-
	-
	-
	-
	-
	-

	Case 5c
	10
	256
	15
	4
	-
	-
	-
	-
	-
	-

	Case 6a
	10
	256
	15
	64
	15*(16
	4
	-
	-
	-
	-

	Case 6b
	10
	256
	15
	64
	15*(2
	32
	-
	-
	-
	-


Table 4. Gain factors for cases 5-6 with similar power levels and gain setting methodology as used in  [2]. Table shows x from x/15 for each gain factor.

	
	DPCCH
	DPDCH
	E-DPDCH
	HS-DPCCH
	E-DPCCH

	
	 c
	SF
	 d
	SF
	 eu 
	SF
	 hs
	SF
	T
	SF

	Case 6c
	3
	256
	6
	64
	15
	4
	-
	-
	-
	-

	Case 6d
	6
	256
	12
	64
	15
	32
	-
	-
	-
	-

	Case 6e
	4
	256
	8
	64
	15
	4
	-
	-
	-
	-


2.3 Peak to average ratio results 

As we commented already in the previous WG1 meeting, an important issue to remember is that not all the UEs will support very high data rates like 2 Mbit/s.  There will be different UE capabilities also in the future. Thus the PAR studies should be done so, that different UE capability categories , or data rate ranges, are looked at separately. 

Tables 5-11 show PAR analysis for different UE capabilities, with step sizes of 1 DPDCH with SF=4 with BPSK, corresponding to around 384kbit/s steps. It is noted that higher UE capability should be always capable of supporting also the lower data rates. This means that the PAR analysis for UE capability N should be done based on the cases shown for UE capabilities 1-N. 

Results for multiplexing structure cases 1-4 are taken from [2], for which we have confirmed that we have got the same results with these parameters. The results for cases 5-6 are new, shown in this paper for the first time.

UE capability 1: supports data rates of up to around 384kbit/s (1 DPDCH with BPSK).

Table 5. PAR analysis for UE capability supporting max 384kbit/s.
	Cases
	Data rate 


	SFs for data


	Modulations 
	99.9% PAR [dB]

	Case 1
	  32k EDCH + voice
	32 and 64
	BPSK + BPSK
	4.81

	Case 1
	384k EDCH + voice
	4 and 64
	BPSK + BPSK
	4.3

	Case 2
	  32k total
	32
	BPSK
	3.91

	Case 2
	384k total
	4
	BPSK
	3.6

	Case 3
	  32k total
	32
	BPSK
	3.12

	Case 3
	384k total
	4
	BPSK
	3.06

	Case 4
	  32k EDCH+ voice
	32 and 64
	BPSK + BPSK
	3.91

	Case 4
	384k EDCH + voice
	4 and 64
	BPSK + BPSK
	3.62

	Case 5a
	384k total 
	4
	BPSK
	3.1

	Case 6a
	384k EDCH + voice
	4 and 64
	BPSK + BPSK
	3.1

	Case 6b
	  32k EDCH + voice
	32 and 64
	BPSK + BPSK
	3.2

	Case 6c
	384k EDCH + voice
	4 and 64
	BPSK + BPSK
	3.1

	Case 6d
	  32k EDCH + voice
	32 and 64
	BPSK + BPSK
	3.2


UE capability 2: Supports data rates of up to around 768kbit/s (2 DPDCHs with BPSK).

Table 6. Further PAR analysis for UE capability supporting max 768 kbit/s.

	Cases
	Data rate 


	SFs for data


	Modulations 
	99.9% PAR [dB]

	Case 1
	768k EDCH+ voice
	 4 and 64
	2*BPSK + BPSK
	5.07

	Case 2
	768k total
	4
	2 * BPSK
	4.67

	Case 3
	768k total
	4
	2* BPSK
	4.15

	Case 4
	768k EDCH+ voice
	4 and 64
	2*BPSK + BPSK
	4.67

	Case 5b
	768k total
	4
	2* BPSK
	3.5

	Case 5c
	768k total
	4
	2 * BPSK
	3.3

	Case 6a
	768k EDCH+ voice
	4 and 64
	2*BPSK + BPSK
	3.6

	Case 6e
	768k EDCH+ voice
	4 and 64
	2*BPSK + BPSK
	4.2


UE capability 3: Supports data rates of up to around 3*384 = 1.2 Mbit/s (3 DPDCHs with BPSK). 

Table 7. Further PAR analysis for UE capability supporting max 1.2 Mbit/s.
	Cases
	Data rate 


	SFs for data
	Modulations 
	99.9% PAR [dB]

	Case 5b
	1.2 M total
	4
	3 * BPSK
	5.1

	Case 5c
	1.2 M total
	4
	8PSK
	3.2

	Case 6a
	1.2 M EDCH + voice
	4 and 64
	8PSK + BPSK
	3.4


UE capability 4: Supports data rates of up to around 4*384 = 1.5 Mbit/s (4 DPDCHs with BPSK). 

Table 8. Further PAR analysis for UE capability supporting max 1.5 Mbit/s.

	Cases
	Data rate 


	SFs for data
	Modulations
	99.9% PAR [dB]

	Case 5b
	1.5 M total
	4
	4 * BPSK 
	 5.2

	Case 5c
	1.5 M total
	4
	4 * BPSK
	 5.1

	Case 6a
	1.5 M EDCH + voice
	4 and 64
	4 * BPSK + BPSK
	 5.2


UE capability 5: Supports data rates of up to around 5*384 = 2 Mbit/s (5 DPDCHs with BPSK). 

Table 9. Further PAR analysis for UE capability supporting max 2 Mbit/s.

	Cases
	Data rate 


	SFs for data
	Modulations
	99.9% PAR [dB]

	Case 5b
	2 M total
	4
	5 * BPSK 
	 5.18


UE capability 6: Supports data rates of up to around 6*384 = 2.3 Mbit/s (6 DPDCHs with BPSK). 

Table 10. Further PAR analysis for UE capability supporting max 2.3 Mbit/s.

	Cases
	Data rate 

EDCH or total  
	SFs for data
	Modulations
	99.9% PAR [dB]

	Case 5b
	2.3 M total
	4
	6 * BPSK 
	5.8

	Case 5c
	2.3 M total
	4
	6 * BPSK 
	6.0

	Case 6a
	2.3 M EDCH + voice
	4 and 64
	6 * BPSK + BPSK
	6.1

	Case 6a
	2.3 M EDCH + voice
	4 and 64
	2 * 8PSK + BPSK
	5.2


UE capability 7: Supports data rates of up to around 9*384 = 3.5 Mbit/s (3 DPDCHs with 8PSK)

Table 11. Further PAR analysis for UE capability supporting max 3.5 Mbit/s.

	Cases
	Data rate 

EDCH or total  
	Data rate

DCH
	Modulations
	99.9% PAR [dB]

	Case 5c
	2.3 M total
	4
	3 * 8PSK 
	6.0

	Case 6a
	2.3 M EDCH + voice
	4 and 64
	3 * 8PSK + BPSK 
	6.0


2.4 Analysis of the results

Data rates 0- 384kbit/s: 

Table 5 shows that cases 3, 5 and 6 minimise PAR, and result in PAR of around 3 dB. 

In this data rate range there is not much effect in case 6, what kind of gain factor settings are used . This can be seen when comparing cases 6c,d to 6a,b; they seem to give the same PAR result.

Data rates between 384 - 768 kbit/s:  

Table 6 shows that cases 5 and 6 minimise PAR in this bit rate area, and result in PAR of around 3.5 dB. 

In this data rate range it can be seen that  the gain factor setting has quite clear effect on PAR. This can be seen when comparing case 6a to 6e. Case 6a results in PAR of around 3.6 dB. While case 6e results in PAR 4.2 dB. The reason for this is that in case 6e there are several code channels with relatively high power level , using gain factor values from [2]. In case 6a the power level of DPCCH and DPDCH are much smaller relative to E-DPDCH. PAR is always minimized if the number of high power code channels is kept low. It is also noted that the overhead percentage reserved for control signaling in case 6e is clearly larger than in case 6a.
Data rates between 768 k - 1.2 Mbit/s: 
Table 7 shows that cases 5 and 6 minimise PAR in this bit rate area, if 8PSK is utilized, and result in PAR of around 3.5 dB. 
Data rates between 1.2-1.5 Mbit/s: 

Table 8 shows that PAR is around 5 dB with cases 5 and 6.
3. CONCLUSIONS

In this paper it was highlighted that PAR should be discussed separately for different UE capabilities, the lowest UE capability being around 384k maximum data rate.

Based on the results above it is suggested that multiplexing scheme is selected based on either case 5 or case 6.:

· case 5: either time multiplexing is used for everything else than for DPCCH

· case 6: or that if code multiplexing is used between DCH and EDCH, then both HSDPCCH and EDPCCH is time multiplexed with EDCH.

In addition to this it is proposed that the performance of 8PSK is studied for the data rate range 768k-1.2Mbit/s. 8PSK would allow the PAR to be below 3.5 dB for the UE capability of 1.2M. With 3 DPDCH channels and BPSK, the PAR would be at least 5 dB. Similar studies for minimizing the PAR are suggested for higher UE capability ranges.

It is also proposed that the gain factor setting methodology of the current specification is adopted for further studies of PAR, since it will ensure that the same dynamic range can be utilized between DPDCH and DPCCH, and it will minimize both the overhead and PAR. Also PAR analysis should be done so that DPCCH and DPDCH have realistic levels, i.e. that DPCCH and DPDCH have low enough levels compared to E-DPDCH, as a function of SFs. 
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ANNEX 1: Multiplexing options. It is shown in blue what code channels are needed in the minimum case when UE is supporting max 384kbit/s.
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Case 1: All channels code multiplexed. Note, any DPDCH can contain either DCH or EDCH, since there  is no minimum SF or number of code channels agreed for DCH yet, when used simultaneously with EDCH.
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Case 2: EDCH and DCH on the same code channel, DPCCH, HSDPCCH and EDPCCH on separate code channels. 
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Case 3: EDCH, DCH and EDPCCH on the same code channel, HSDPCCH and DPCCH on a separate code channel.
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Case 4: EDCH and EDPCCH on the same code channel, otherwise code multiplexing.
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Case 5: Time multiplexing. EDCH, DCH, EDPCCH and HSDPCCH on the same code channel, only DPCCH on a separate code channel.
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Case 6: EDCH, HSDPCCH and EDPCCH on the same code channel. DPCCH and DCH on separate code channels
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