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1 Introduction
RAN1#55bis and RAN1#56 evaluated the performance of Dual-Cell (DC) HSDPA with support for MIMO operation and in RAN#43 the related work items were formed ‎[1]. This contribution outlines some related design principles.
2 Discussion
This section discusses design alternatives related to DC-HSDPA and outlines a few principles. As described in ‎[1] where the work item is defined, focus in Rel-9 is restricted to the case where the two carriers are adjacent and belong to the same NodeB. In Error! Reference source not found. it is also noted that the definition of the signaling solutions shall take the work item in DC-HSUPA into account, but the use of DC-HSDPA with support for MIMO shall not be dependent on the use of DC-HSUPA. Thus this contribution focuses on proposals that are feasible in contexts where both one and two uplink carriers are available.
2.1 Active set definition

In ‎[1] it is stated that the downlink carriers are adjacent and belong to the same NodeB. As this is identical as for the DC-HSDPA Rel-8, and increased data rates and mobility are independent (as noted in ‎[2]) there is no technical reasons for modifying the definition of the active set as compared to Rel-8. This issue is further discussed in [3].

2.2 Channel structure
For each downlink carrier, one HS-DSCH transport channel configured for MIMO can be used. This is similar as for Rel-8 DC-HSDPA without MIMO. Note that each individual HS-DSCH could comply with existing specifications for SC-HSDPA MIMO. Thus minimal impact on the existing standard is ensured. The required data rates can be mapped to new UE categories similarly as in Rel-8.
Each downlink carrier should furthermore transmit an HS-SCCH set. Similarly as for DC-HSDPA (Rel-8) this would be beneficial because it allows separate scheduling between the different carriers. For the case of DC-HSDPA with MIMO, it is straightforward to use the existing specifications for SC-HSDPA with MIMO (see HS-SCCH type 3 in ‎[3]) to code the individual HS-SCCH sets.

As discussed in ‎[4] it could be beneficial if each downlink carrier with an associated (DC-HSUPA) uplink carrier carries the E-HICH/E-RGCH, E-AGCH, and (F-)DPCH.

The needed modifications to the uplink feedback channel HS-DPCCH are discussed in section ‎2.6.

2.3 Scheduling mode

With respect to using a joint or independent scheduling mode for the DC-HSDPA with MIMO no performance benefits with using an independent scheduling mode (compared to a joint scheduling mode) have been observed. Unless such reasons are identified a joint scheduling mode (similarly as for Rel-8) should be considered.

2.4 Power control
To minimize the impact on the existing specifications it would be beneficial if the (F-)DPCH and DPCCH are handled as specified by the existing procedures. In the case of multiple uplink carriers, each pair of uplink-downlink carriers can be handled independently.
2.5 Activation of secondary carrier and DTX/DRX

As for Rel-8 deactivation of secondary carriers and DTX/DRX are primarily beneficial as a means to reduce battery consumption; e.g. when the UE does not have any data scheduled. For a certain UE, the inactivity pattern associated with the two carriers is highly correlated (similar line of reasoning is valid for the case of 3-4 carriers); in particular when a joint scheduling mode is used. This is an effect of that if there does not exist any data to transmit on one of the downlink carriers the probability that there is data to transfer on the other carrier(s) is very small. Hence, the design for activation (deactivation) of secondary carriers and DTX/DRX should be based on definitions introduced in Rel-8.
2.6 Feedback channel design
In this section the structure of the HS-DPCCH for DC-HSDPA with MIMO is discussed. Both the case where there is a single uplink carrier available and the case where two uplink carriers are available are discussed. 

For an asymmetric scenario the HS-DPCCH feedback information related to the two carriers needs to be carried on a single uplink carrier. Different design alternatives for HS-DPCCH has previously been outlined in e.g. ‎[5] although focus there was on multi (3,4) cell operation (possibly in combination with MIMO). For what concerns DC-HSDPA with support for MIMO, it is necessary to consider the feedback information from four flows and for the considered scenario there exist two main alternatives for HS-DPCCH(s) design. These options are:
Option 1: 
Transmit the feedback information for all downlink carriers using a single channelization code (see Figure 1). Note that since up to four flows of ACK/NACKs need to be transmitted using 10 bits, a new code book is required.
Option 2: 
Transmit the feedback information for each downlink carrier using separate channelization codes, respectively (see Figure 2). In this case two channelization codes are used in total.
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Figure 1: HS-DPCCH design using one channelization code for DC-HSDPA MIMO.

[image: image2]
Figure 2: HS-DPCCH design using two channelization codes for DC-HSDPA MIMO
The link-level performance of these two design options is evaluated by means of simulation experiments in ‎[6] and there it is shown that option 1 requires less UE transmit power than option 2 (at equal performance). For a system evaluation, the difference between the two alternatives would likely be even larger and this gain would be a result of both the link-level gains reported in ‎[6] and the fact that UEs in option 2 transmit the CQI/PCI information twice as often (resulting in higher interference levels triggering other UEs to increase their transmit power, etc.). One potential drawback with option 1 is that the CQI/PCI information may be associated with higher delay; in fact this will grow proportionally with the number of carriers that are time-multiplexed. 
In situations where DC-HSDPA with MIMO is used in combination with two uplink carriers one could in addition to the two options outlined above also transmit the HS-DPCCH of each downlink carrier on its respective uplink carrier. As for option 2 (described above) the main advantage with this approach is that it could be based on the existing standard. However, as for option 2 this would require that a larger portion of the UE transmit power is dedicated to control signaling. Hence it is proposed to RAN1 that a single HS-DPCCH is used also when the two uplink carriers are available. As we discuss further in ‎[6] this approach would also be beneficial with respect to the UE transmit power required for ACK/NACK transmission. 
3 Conclusions

In this contribution possible design alternatives associated with DC-HSDPA with support for MIMO have been discussed. Based on this discussion it is proposed to RAN1 to discuss the following proposals:
· Design choices for DC-HSDPA MIMO should be in line with the specifications for SC-HSDPA MIMO and Rel-8 DC-HSDPA to as large extent as possible.

· It is proposed that feedback information is transmitted using a single HS-DPCCH channelization code and that PCI/CQI information are time-multiplexed so that the existing sub-frame structure can be kept.
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