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1 Introduction
In order to improve the peak rate and throughput of a single carrier HSPA UE, SU MIMO and MU MIMO are introduced. For a single carrier UE supporting SU MIMO, under some scenarios NodeB can send the HS-PDSCH dual streams to the UE to increase its peak rate and throughput. For a single carrier UE supporting MU MIMO, NodeB can make it share the same uplink or/and downlink resource with the other UEs when the correlations between their wireless channels are low enough, thus increasing its peak rate and throughput.

In order to further increase the peak rate and throughput of a UE, multi-carrier HSPA is introduced. For a multi-carrier HSPA UE, it can send the E-DCH TB on each configured carrier in the same TTI and receive the HS-DSCH TB on each configured carrier in the same TTI, thus its peak rate and throughput in both uplink and downlink can be increased greatly. But SU MIMO and MU MIMO have not yet been introduced into multi-carrier HSPA, thus a multi-carrier HSPA UE can’t support SU MIMO and MU MIMO.
SU MIMO and MU MIMO are suggested to be introduced into multi-carrier HSPA. In the following sections, the advantages of and the considerations on introducing SU MIMO in multi-carrier HSPA are analyzed firstly and then the advantage of and the considerations on introducing MU MIMO in multi-carrier HSPA are analyzed.

2 SU MIMO in multi-carrier HSPA
For a multi-carrier HSPA UE, the wireless channels on the different carriers of its own are independent from each other. The probability that the UE obtains the dual-stream HS-PDSCH transmission on the i-th carrier of its own is denoted as 
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. The probability that the UE obtain the dual-stream HS-PDSCH transmission on any carrier of its own is equal to 
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. Therefore, if SU MIMO is introduced into multi-carrier HSPA, the UE can obtain the dual-steam HS-PDSCH transmission with a bigger probability of 
[image: image3.wmf]å

=

i

i

P

P

. From the above analysis, the following proposal is suggested.

Proposal 1: SU MIMO is introduced into multi-carrier HSPA.
When SU MIMO is introduced into multi-carrier HSPA, the following questions shall be considered.

(1) Uplink physical channels and standalone midamble channel of a UE are used to estimate its wireless channel in SU MIMO in single-carrier HSPA. When SU MIMO is introduced into multi-carrier HSPA, how to estimate the wireless channel of a UE? Still with the uplink physical channels and standalone midamble channel?

(2) Relationship between HS-PDSCH and HS-SCCH allocating the single stream or dual stream resource: they are on the same carrier or on the different carrier?

(3) Relationship between HS-SCCH and paired HS-SICH: they are on the same carrier or on the different carriers?

(4) Timing relationship between HS-PDSCH, the associated HS-SCCH and associated HS-SICH: they have the same timing relationship as that for multi-carrier HSPA?

(5) Whether or not the new HS-SCCH type is introduced for applying SU MIMO in multi-carrier HSPA? 

3 MU MIMO into multi-carrier HSPA
On each carrier of the cell, when the wireless channel correlation between two UEs is low enough, these two UEs can share the same uplink or/and downlink physical resource. If MU MIMO can be applied in multi-carrier HSPA UE, the following benefits can be gained.

(1) For a multi-carrier UE, the wireless channels on the different carriers of its own are independent from each other. The probability that it can share the same resource with the other UEs on the i-th configured carrier is denoted as 
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. The probability that it can share the same resource with the other UEs on any carrier is denoted as 
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. Therefore, when it can support MU-MIMO on each configured carrier, it can share the same resource with the other UEs with a bigger probability. Thus its peak rate and throughput can be increased.

(2) Compared with the scenarios where a multi-carrier UE supports NO MU MIMO or supports MU MMO on only one carrier, the scenario where a multi-carrier HSPA UE supporting MU MIMO on each configured can have more UEs share the same resource and thus increasing the frequency spectrum efficiency.
Based on the above analysis, the following proposal is suggested.

Proposal 2: MU MIMO is introduced into multi-carrier HSPA.
When MU MIMO is introduced into multi-carrier HSPA, the following questions shall be considered.
(1) Uplink physical channels and standalone midamble channel of a UE are used to estimate its wireless channel in MU MIMO in single-carrier HSPA. When MU MIMO is introduced into multi-carrier HSPA, how to estimate the wireless channel of a UE? Still with the uplink physical channels and standalone midamble channel?

(2) Relationship between HS-PDSCH and HS-SCCH allocating the MU MIMO resource: they are same the carrier or on the different carrier?

(3) Relationship between HS-SCCH and paired HS-SICH: they are on the same carrier or on the different carrier?
(4) Timing relationship between HS-PDSCH, the associated HS-SCCH and associated HS-SICH: they have the same timing relationship as that for the existing multi-carrier HSDPA?
(5) Whether or not the new HS-SCCH type is introduced for applying MU MIMO in the multi-carrier HSPA?

(6) Relationship between E-PUCH and E-AGCH allocating the MU MIMO resource: they are same the carrier or on the different carrier?

(7) Relationship between E-AGCH and associated E-HICH : they are on the same carrier or on the different carrier?
(8) Timing relationship between E-PUCH, the associated E-AGCH and associated E-HICH: they have the same timing relationship as that for the existing multi-carrier HSUPA?

(9) Whether or not the new E-AGCH type is introduced for applying MU MIMO in the multi-carrier HSPA?
4 Conclusion
Introduction of SU MIMO and MU MIMO into multi-carrier HSPA is suggested in the contribution. The benefits of and the considerations on introducing SU MIMO and MU MIMO into multi-carrier HSPA are analyzed. The following proposals are suggested.
Proposal 1: SU MIMO is introduced into multi-carrier HSPA.

Proposal 2: MU MIMO is introduced into multi-carrier HSPA.
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