3GPP TSG RAN WG1 Meeting #55
R1-084226
Prague, Czech Republic, November 10 – 14, 2008

Source:
Panasonic
Title:
Uplink multiple access schemes for multiple component carriers
Agenda Item:
11.2

Document for:
Discussion and Decision

1. Introduction

Uplink multiple access schemes to support system bandwidth over 20MHz have been discussed in LTE-Advanced uplink [1]-[9]. In RAN#54bis, NxDFT-s-OFDM, Clustered DFT-s-OFDM and OFDM were discussed. In this contribution, we discuss further the uplink transmission schemes for the case of system bandwidth over 20MHz. Note that we use Nx(component carrier) as the generalized term of Nx DFT-s-OFDM because UL transmission scheme within a component carrier is under discussion. If Clustered DFT-s-OFDM or OFDM is supported within a component carrier, Nx(component carrier) means NxClustered DFT-s-OFDM or NxOFDM. 
2. Multicarrier transmission schemes

Three transmission schemes, Nx Component carrier, Clustered DFT-s-OFDM and OFDM, are explained in this section. 
(a) Nx Component carrier

A baseline transmitter structure for NxComponent carrier is shown in Fig.1, where SC-FDMA is assumed within a component carrier, i.e. NxDFT-s-OFDMA (within component carrier). Therefore, multiple DFT blocks are equipped, where the number of DFT blocks is identical to the number of component carriers. 

Note that if RB mapping or permutation across component carriers (i.e. option 3 in [10]) is supported in the UL transmission, the mapping block in Fig. 1 should support mapping across component carriers. 

In Fig. 1, though Rel.8 SC-FDMA structure is assumed within each component carrier, NxClustered DFT-s-OFDM or NxOFDM can be achieved by a similar structure. 

Advantage

· Supports multiple TBs (one TB per component carrier) which have the merit of efficient data transmission from link adaptation and HARQ perspective as discussed in [10]. 
· Possible to reuse the design of Rel.8 components in more efficient way.
Disadvantage
· Cubic Metric (CM) values are higher than Clustered DFT-s-OFDM. 
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Fig. 1 An example of transmitter structure for Nx Component carrier
(b) Clustered DFT-s-OFDMA
A baseline transmitter structure for Clustered DFT-s-OFDM is shown in Fig.2. One DFT precoding block covers the entire uplink transmission bandwidth, that is, larger DFT size is equipped compared to Rel.8 SC-FDMA. 
Advantage

· Low CM values.

Disadvantage
· The error of one large TB requires whole retransmission of large TB. HARQ efficiency is not so good. 
· Less reuse of Rel.8 design because of larger TB size compared to Rel.8. 
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Fig. 2 The transmitter structure for clustered DFT-s-OFDM 
(c) OFDM

A baseline transmitter structure for OFDM is shown in Fig.3. Compared to NxComponent carrier, DFT block is just omitted. Similar to NxComponent carrier, this structure can support multiple TBs (one TB per component carrier). 

Advantage

· Supports multiple TBs (one TB per component carrier) which have the merit of efficient data transmission from link adaptation and HARQ perspective as discussed in [10]. 

· Possible to reuse the design of Rel.8 components in more efficient way.

Disadvantage
· CM values are higher than the other options. 
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Fig. 3 The transmitter structure for OFDMA 

3.  Cubic Metric property 
We evaluate the Cubic Metric (CM) property of the uplink transmission schemes for a multiple component carriers.

In the evaluation, we assume the data transmission bandwidth is 90RB per component carrier. Note that the bandwidth of each component carrier does not affect the CM property [8]. Contiguous RB allocation is assumed for all cases. As Nx(component carrier), NxDFT-s-OFDMA is evaluated because SC-FDMA is more suitable for power limited UEs than clustered DFT-s-OFDMA or OFDMA due to its low CM property. Identical power spectrum density among component carriers is assumed although component carrier dependent TPC may be used. The modulation scheme is same in all component carriers and transmission bandwidth.
Evaluated CM values of each uplink transmission schemes are shown in Table 1. The results show the CM values of Clustered DFT-s-OFDM are lower than NxDFT-s-OFDMA by 0.3dB ~ 0.6dB, where the difference depends on the modulation order and the number of component carriers. The results also show the CM values of Clustered DFT-s-OFDM are lower than that of OFDMA by 0.4dB ~ 2.0dB. These differences of CM values decrease as the modulation order becomes higher and as the number of component carriers becomes larger. 
Since the CM difference between NxDFT-s-OFDMA and Clustered DFT-s-OFDM is not so large, the system throughput for these schemes would be similar. In addition, as we showed in [9], non-contiguous RB transmission within a component carrier can provide sufficient sector throughput and cell-edge user throughput especially for interference limited environments. In this case, the difference of system throughput due to the CM property would be negligible. 
Table 1. Evaluated CM values 

	
	Nx Component carrier
(scheme (a))
	Clustered DFT-s-OFDMA
	OFDMA

	Number of component carriers
	2
	3
	4
	5
	2
	3
	4
	5
	2~5

	QPSK
	2.55
	3.05
	3.30
	3.44
	1.94
	2.51
	2.81
	3.01
	4.01

	16QAM
	3.05
	3.37
	3.53
	3.63
	2.62
	2.99
	3.20
	3.33
	4.01

	64QAM
	3.14
	3.43
	3.58
	3.66
	2.75
	3.08
	3.28
	3.40
	4.01


4. Conclusion

In this contribution, we discuss three uplink transmission schemes for multiple component carriers. In terms of link adaptation and HARQ operation, NxComponent carrier or OFDMA would be preferable because these schemes allow to independently perform HARQ operation per component carrier. Additionally, there is more possibility to reuse Rel.8 components. Although the CM values of Clustered DFT-s-OFDM are lower than NxComponent carrier regardless the conditions, the CM difference is negligible. 
Therefore, our preference is NxComponent carrier as the uplink transmission scheme to support system bandwidth over 20MHz.
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