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1 Introduction
In this contribution, we examine the impacts of the two downlink related multicarrier work items (“Combination of DC-HSDPA with MIMO” and “Support for different bands for Dual-Cell HSDPA”).

2 MAC architecture

The current MAC-ehs architecture supports transmission on multiple HS-DSCHs and MIMO operation (i.e. transmission on several streams), as shown in Figure 1 (Figure 6.1.5-1 in 25.308) and Figure 2 (Figure 6.2.4-1 in 25.308). Further there is (obviously) no restrictions on the supported bands 25.321.
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Based on this, we conclude that no changes to the MAC architecture are needed to support Dual Cell and MIMO or Dual Band operation. 
The agreed work items also encourage RAN2 to provide solutions, which are possible to extend to support more than 2 and less than or equal to 4 carriers. However, if the assumption still is that there is one HS-DSCH per carrier, there are no architectural changes needed for future compatibility either.
Proposal 1: No changes are needed on the MAC architecture
3 Indication of HARQ process

As the Rel-8 Dual cell operation is achieved by providing HS-SCCH on both primary and secondary cells, it can be expected that the dual cell operation with MIMO will be realized by providing HS-SCCH Type 3 on both primary and secondary cell. In this case, there may be up to 2 HARQ processes per cell, and in total up to 4 active HARQ processes per TTI. 
4 Reordering window size

During Rel-7, when the support for MIMO was introduced, the need to increase MAC-ehs reordering window size was discussed based on e.g. [1], but it was concluded that the current maximum reordering window size of 32 is sufficient when at most 2 MAC-ehs PDUs are transmitted per TTI.

For Combined Dual Cell and MIMO operation, based on assumptions from Section 3, there may be up to 4 active HARQ processes per TTI. Assuming that the UE processing requirements are not modified, up to 24 HARQ processes can be used during one RTT. This leads up to 24 TSNs being consumed per one HARQ RTT, meaning that a continuous operation can be barely maintained with window size of 32, but a single retransmission may lead to a window stalling.

[image: image3]
Figure 1: Example of TSN window stalling
Thus it seems that mechanisms to increase the reordering need to specified for Dual Cell operation with MIMO. 
Furthermore, the work item proposal explicitly mentions that RAN2 should consider future proof solutions when designing the solutions for dual cell operation and MIMO. If more than 2 carriers are considered, the TSN shortage is even more severe and can lead to a situation where even continuous operation is not possible. 

Considering the possibility of TSN stalling for dual cell operation with MIMO with just a single retransmission and possible future extensions into account, we propose to extend the reordering depth for dual cell operation with MIMO.
Proposal 2: The reordering depth is increased for Dual Cell operation with MIMO

Some potential alternatives are listed below

1. The TSN size can be expanded. This alternative is straightforward and allows most flexible reordering between different sources of MAC-ehs PDUs, but has two drawbacks. First, it requires a new PDU format. This (depending on the exact solution) may lead to a significant implementation cost. Second, it increases the MAC header size. The current header is octect aligned, and introducing a new format is likely to increase the MAC overhead by at least one octet per MAC-ehs PDU.

2. The current TSN is unchanged, but some additional information is used to determine the correct reordering sequence. For example, both cells may signal the same TSN value, but the order of the data from different cells is always fixed so that the MAC-ehs PDU received on primary cell is always reordered before MAC-ehs PDU received on secondary cell. 

3. It may be possible for the UE to determine the order MAC-ehs PDUs were transmitted from the history of the HARQ process. For example, consider a situation in which two MAC-ehs PDUs containing the same TSN are received in subsequent TTIs. The MAC-ehs PDU in first TTI is received after successfully decoding the initial transmission, while the MAC-ehs PDU in second TTI required successfully combining 4 retransmissions. Based on the number of transmissions combined, it is possible to determine the actual time of the first transmission. Note that with this mechanism it is not possible to immediately deliver the received MAC-ehs PDU to higher layers as there be subsequent TTIs with MAC-ehs PDUs, which need to be delivered first. To avoid this, the delivery of received MAC-ehs PDUs need to be delayed.
It seems that all listed alternatives may lead to additional complexity for dual cell operation with MIMO. Without more careful analysis of different options, it is not feasible to determine which alternative is simplest to implement, but in any case, our preference would be to avoid the significant implementation cost of a new MAC protocol..

5 Conclusion
In this contribution, we have analyzed the impact of Dual Cell operation with MIMO, Dual band operation, and possible future extensions for downlink multicarrier operation, Based on the discussion above, we propose
Proposal 1: No changes are needed on the MAC architecture
In addition to the MAC architecture, we have analyzed the impact of the dual cell operation with MIMO, and possible future extensions for downlink multicarrier operation. For Dual cell operation with MIMO we conclude that the current reordering window size is too small to handle peak data rates as even a single retransmission can lead to a TSN window stalling, The situation is even worse for future extensions, so we propose
Proposal 2: The reordering depth is increased for Dual Cell operation with MIMO
The exact method for increasing reordering depth requires further study, but our preference would be to avoid specifying a new MAC protocol for this purpose
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