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1 Introduction
In [1,2], an extensive design proposal was made for an 8C-HSDPA solution which would avoid increasing the amount of control signalling linearly with the number of carriers. By treating carriers in pairs, exactly the same HS-DPCCH and HS-SCCH design could be reused as in 4C-HSDPA, without doubling the number of HS-DPCCHs required (as would be the case if the downlink carriers were all treated individually). If desired, even greater efficiency savings could be achieved by designing a new format of HS-SCCH.  This also avoids having to increase the number of codes or the SF of the HS-DPCCH, which reduces the coverage for 8C-HSDPA operation.
This proposal would also help to address the control signalling overhead disparity between LTE and multi-carrier HSDPA for a given total bandwidth. This disparity arises from the fact that the LTE carrier bandwidth is 20 MHz, and LTE has a very efficient signalling design for frequency-domain resource allocation. 

In this contribution we provide some further analysis of the carrier pairing solution in terms of the downlink data performance.  

2 Downlink data performance with carrier pairing
According to the proposed carrier pairing in [1], a transport block is mapped across both the carriers in a pair, with the MCS being set appropriately for the combined pair of carriers. This is analagous to the way in which MCS selection is done in LTE, where a single MCS is chosen for each downlink transmission even up to 20MHz. 
Some questions were raised at RAN1#64 regarding the efficiency of such a scheme compared to being able to select the MCS independently for each carrier. As a general observation, we would comment that although selection of a single MCS prevents optimisation of the MCS for each individual carrier, the fact that joint channel coding would be used enables coding gain to be achieved by means of the frequency diversity provided by the two carriers. Therefore we would not expect there to be any throughput loss arising from the use of a single MCS, and indeed this was also the conclusion for LTE Release 8 when the possibility of sub-band MCS was considered. 

In order to provide some evaluation of this, Figure 1 shows the CDF of SINR for two independent adjacent 5MHz carriers, and also the SINR CDF for the two carriers combined as a single 10MHz entity on the assumption of joint channel coding and interleaving. 
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Figure 1: SINR CDFs for two adjacent 5MHz carriers
It can be seen that there is no significant difference between the joint SINR CDF and the SINR CDFs of the individual carriers. 
The average spectral efficiencies of these carriers are shown in Table 1:
	
	Average spectral efficiency (bps/Hz)

	Carrier 1
	1.89

	Carrier 2
	1.78

	Joint carriers
	1.84


We observe that the spectral efficiency of the jointly-coded pair of carriers is very close to the average of the two carriers, which confirms the expected observation that there would be no throughput loss from carrier pairing. 
3 Conclusion
In this contribution we provide some analysis of the effect of carrier pairing on downlink spectral efficiency. We conclude that downlink throughput would not be adversely affected, while there could be significant savings in control signalling overhead to address the disparity with LTE for multi-carrier aggregation.  Furthermore the coverage of 8C-HSDPA can be made equal to that of 4C-HSDPA since there would be no change in the HS-DPCCH format.
We therefore recommend that the working assumption, “not to adopt carrier pairing”, be revisited, either in Rel-11 or a later release. 

4 References

[1]
R1-110785, “Design Principles for 8C-HSDPA”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell 
[2]
R1-110786, “HS-DPCCH design for 8C-HSDPA”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell









