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Introduction

In this document we provide results relative to the PAR of possible UL structure considered as part of the study item on enhanced uplink. We discuss these results and their impact on the system operation and we conclude with few remarks relative to the integration of a new physical channel structure in the uplink.
Notation: TPR = DPCH or E-DPCH power ratio relative to the DPCCH in dB
Release-5 structure

In this section we consider the integration of the enhanced transport channel and associated control signaling in the Release-5 structure. The 99.9% PAR for various configurations is shown in table 1.
· Assumes 10 ms transmission interval
· E-DCH is mapped to one or more DPCH codes using BPSK
· E-TFI is multiplexed with the TFCI
· E-TFS control signaling  punctured  or multiplexed with the TFCI
Table 1: 99.9% PAR [dB]

	
	1 code

DPCH

SF=64

TPR=0 dB
	2 code

DPCH

SF=4

TPR=7 dB
	4 code

DPCH

SF=4

TPR=7 dB
	6 code

DPCH

SF=4

TPR=7 dB

	No HS-DPCCH
	3.10
	4.75
	5.40
	6.25

	HS-DPCCH        TPR = 3dB
	3.75
	4.65
	6.00
	6.65


Release-5 structure + REQCH

In this section we consider the integration of the enhanced transport channel and associated control signaling in the Release-5 structure with the exception of the E-TFS control signaling which is mapped to a new physical channel named REQCH. The 99.9% PAR for various configurations is shown in table 2.
· Assumes 10 ms transmission interval for all channels
· E-DCH is mapped to one or more DPCH codes using BPSK

· E-TFI is multiplexed with the TFCI
· E-TFS control signaling mapped to REQCH using I64,1 and TPR=-3 dB
Table 2: 99.9% PAR [dB]

	
	1 code

DPCH

SF=64

TPR=0 dB
	2 code

DPCH

SF=4

TPR=7 dB
	4 code

DPCH

SF=4

TPR=7 dB
	6 code

DPCH

SF=4

TPR=7 dB

	No HS-DPCCH
	4.55
	4.25
	5.55
	6.35

	With HS-DPCCH
	4.30
	4.90
	6.05
	6.70


Short TTI structure

In this section we consider the mapping of the enhanced transport channel and associated control signaling to a new physical channel structure (in addition to the Release-5 structure) which is based on a shorter TTI value, for example 2 ms TTI. The channelization code mapping of the Release-5 is changed in order to accommodate the new physical channel structure. The 99.9% PAR for various configurations is shown in table 3.
· DPCCH on Q256,0
· Single code DPCH on ISF, SF/8 TPR=0 dB
· HS-DPCCH on Q256,16, TPR=-3 dB

· 2 ms transmission interval for the E-channels
· E-TFS control signaling mapped to REQCH  using I64,1, TPR=-3 dB

· E-TFI mapped to the ETFICH using Q64,2, TPR=-3 dB

· E-DCH is mapped to one or more E-DPCH using QPSK & SF=4 and/or SF=2, TPR=10/13 dB
· Additional pilot channel for enhanced E-DPCH reception,  SPICH using Q256,32, TPR=5 dB
Table 3: 99.9% PAR [dB]

	
	No E‑DPCH
	No E‑DPCH REQCH
	SF=4 E‑DPCH
	SF=2 E‑DPCH
	SF=4 + SF=2 E‑DPCH

	w/o SPICH TPREDPCH=10 dB
	4.75
	5.30
	5.50
	5.20
	6.25

	With SPICH TPREDPCH=10 dB
	n.a.
	n.a.
	6.15
	5.95
	6.40

	Mixed* TPREDPCH=15 dB
	4.75
	5.30
	4.45
	4.25
	5.65


* mixed: the last column includes SPICH, other columns do not
Discussion

As discussed in other papers, the short TTI structure is of interest, in particular with respect to the reduced delay and potential for finer interference control possibly resulting in improved QoS and system performance.

However and as shown earlier, the introduction of a separate multiplexing structure is required to support a shorter transmission interval. This results in non negligible (in the order of 2 dB)  increase in the PAR when operating at the lower transmission rates (i.e. single code). When considering the highest transmission rates (multi-code) the increase in PAR associated with the shorter TTI structure is relatively small.
The increase in PAR for the lower rates does not directly result in performance loss (the required Eb/Nt remains the same); on the other hand it directly impacts the link budget of the cell. Given the desirability of backward compatibility with existing deployments, the shorter TTI structure is not a good solution when considering operation at the edge of the cell. In addition, experience has shown that the power requirement for the transmission of control information to and from the edge of cell may be significant. 
When considering operation within a cell (i.e. not at the edge of a cell) the legacy link budget will be sufficient to absorb the increase in PAR associated with the short TTI structure; the link budget margin will also allow the UE to operate with the higher rates. 

We also note that the introduction of an additional pilot channel does not significantly affect the PAR when operating at the higher rates (multi-code), while the increase is more significant at lower rate. Consequently from the PAR perspective it is beneficial if the additional pilot is transmitted only in conjunction with the highest rates.
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Figure 1: PAR comparison as a function of TPR
Conclusion

· Changing Release-5 UL multiplexing structure results in increased PAR when operating at the lowest rates.

· The PAR difference is reduced as the number of DPCH, respectively EDPCH, codes increases

· Introduction of an additional pilot for the highest EDPCH rates does not significantly impact PAR

· Should an alternate physical channel structure be introduced, it should be possible to map the E-DCH to both the DPCH and EDPCH in order to ensure deployment backward compatibility with Release-5 and earlier

· In particular mapping the E-DCH on the DPCH (respectively multiplexing the E-TFI with the TFCI) while operating at the edge of the cell is desirable.

· Being able to re-configure the E-DCH to be mapped on the EDPCH as the UE gets closer to the cell center (and the opposite) is desirable and possible if an alternate physical channel structure shows QoS and/or performance benefits.
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