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1 Introduction 
In [1], a WID was proposed and discussed in RAN#45 with regard to four carriers HSDPA (4C-HSDPA). Even though the WID was not approved but a way forward [2] was approved, with the following conclusion excerpted from the meeting minutes,
The way forward is endorsed by RAN plenary and RAN1 is allowed to treat this topic in the next meetings. The Work Items will be revised in the next RAN plenary meeting.
One of the WI objectives is as below, an excerpt from [1],
· Specify 3-4 cell HSDPA operation in combination with MIMO for the following scenarios:
……
d. Identification of which limited number of combinations (including which combinations of numbers of downlink carriers per band in the dual-band case and which carriers use MIMO) that should be targeted is part of the work item.

As indicated in the WID [1], RAN WG1 has studied the performance, feasibility and complexity aspects of more than 2 carriers HSDPA during RAN1#55bis and RAN1#56, and summarized the findings in [3]. In this contribution, we discuss a flexible MIMO configuration proposed to be considered and supported in the 4C-HSDPA feature.
2 Discussion
In the WID [1], it doesn’t specify the maximum number of HSDPA carriers that MIMO operation is combined with. There are two options,
· Option 1: MIMO combined with up to two HSDPA carriers [4]
· Option 2: MIMO combined with up to four HSDPA carriers

In this contribution, we only discuss the option 1 - MIMO combined with up to two HSDPA carriers.
2.1 MIMO configurations in case of adjacent carriers
In Figure 1 we enumerate the MIMO configurations in three and four adjacent carriers. Each configuration is given a number, e.g. configuration (2b). The three-carrier case is illustrated in Figure 1(a) while the four-carrier in Figure 1(b). Basically, there would be cases of, 
(0) no MIMO configured, e.g. configuration (0a); 
(1) MIMO configured in any one carrier, e.g. configuration (1a)~(1d); 
(2) MIMO configured in any two carriers, e.g. configuration (2a)~(2f). 
In Release-8 DC-HSDPA, the configuration of MIMO is commonly applied to both carriers. However, this has been pointed out as an issue [5] and thus suggested a per-carrier basis configuration [5] [6]. The flexibility of MIMO configurations as illustrated in Figure 1 would bring benefit to HSPA operators for, e.g., the flexibility of network optimization, the better utilization of frequency resource. We suggest that this kind of flexible MIMO configurations should be considered and supported in the 4C-HSDPA feature for the adjacent carriers aggregated case.
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	(a) MIMO configurations in three adjacent carriers
	(b) MIMO configurations in four adjacent carriers


Figure 1: MIMO configurations in 3-4 adjacent carriers
2.2 MIMO configurations in case of non-adjacent carriers
The MIMO configurations in three and four non-adjacent carriers are enumerated in Figure 2. The three-carrier case is illustrated in Figure 2(a). For the four-carrier case, there are two possible ways of band combination. One is the 1:3 carrier separation, that is, in one band there is one carrier and three carriers in another band. This case is illustrated in Figure 2(b). Another is the 2:2 carrier separation, which case is illustrated in Figure 2(c). In our view, this kind of flexible MIMO configurations should be considered and supported in the 4C-HSDPA feature for the non-adjacent carriers aggregated case.
Proposal 1
The flexible MIMO configurations should be supported in the 4C-HSDPA feature.
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(a) MIMO configurations in three non-adjacent carriers
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(b) MIMO configurations in four non-adjacent carriers (1:3 separation)
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(c) MIMO configurations in four non-adjacent carriers (2:2 separation)
Figure 2: MIMO configurations in 3-4 non-adjacent carriers
2.3 Considerations to support flexible MIMO configurations

In order to support the flexibility of MIMO configurations, the following aspects should be considered in L1 or higher layers.
· Way to activate/ de-activate carriers. HS-SCCH order could be used to activate/ de-activate carriers. Two options to activate/ de-activate the carriers using HS-SCCH order. One is to activate/ de-activate all the multiple carriers just by one HS-SCCH order the same way as Release-8 DC-HSDPA. It’s an ON/ OFF switch. Another is to activate/ de-activate one or more secondary carriers using HS-SCCH order. The information on which carrier(s) to be activated/ de-activated should also be conveyed by the HS-SCCH order. New design of HS-SCCH order would be required. We have the proposal,
Proposal 2
The way to activate/ de-activate the secondary carriers should be studied and standardized.

· Way to start MIMO operation. In Release-9 combination of DC-HSDPA with MIMO feature, the MIMO operation in the secondary carrier is the same as that in the primary carrier. It would be required to change this behavior to that the MIMO operation is controlled per-carrier based. When the secondary carrier in which the MIMO is configured is activated, the MIMO operation will not be started unless an explicit indication from the network is received by the UE. The way to carry the explicit indication would be something like the HS-SCCH order, or using the RRC message. The latter one would cause longer latency than the former one. We have the proposal,
Proposal 3
The way to start MIMO operation should be studied and standardized.

· Way to encode the MIMO configurations in each carrier. With the encoded scheme, UE knows in which carrier(s) the MIMO operation should be started or not. This information would be conveyed via RRC message. This would impact the RRC protocol. 
· Way to identify each of the multiple carriers. It is for convenience of activation/ de-activation of one or more certain carriers and the interpretation of encoding of the MIMO configuration. We have the proposal,

Proposal 4
The way to encode the MIMO configuration in the network should be studied and standardized.

3 Conclusion 
The flexible MIMO configurations was presented for 3-4 carriers HSDPA, including cases of both adjacent and non-adjacent carriers. This kind of flexible MIMO configurations should be considered and supported in the 4C-HSDPA feature for both the adjacent and non-adjacent carriers aggregated case. Some considerations were also presented to support the flexible MIMO configurations. Further detailed investigation is required to carry forward the work. We have the following proposals,
Proposal 1:
The flexible MIMO configurations should be supported in the 4C-HSDPA feature.
Proposal 2:
The way to activate/ de-activate the secondary carriers should be studied and standardized.

Proposal 3:
The way to start MIMO operation should be studied and standardized.

Proposal 4:
The way to encode the MIMO configuration in the network should be studied and standardized.
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