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1 Introduction

The Work Item on “Further EUL Enhancements” [1], which was approved during the RAN#62 has been addressed by the TSG RAN WG1 through RAN1#76, RAN1#76bis, and RAN1#77, where several agreements have been reached and summarized in [2] and [3]. Nonetheless, a topic that has been referred to as “Transmitting DL control channels for the secondary carrier on the primary carrier” is still under discussion.
In RAN1#76bis, this topic was brought up the first time [4], and it was concluded that the benefit of such a proposal shall be demonstrated through the use of simulations [5]. In RAN1#77 the topic was addressed again by presenting the same motivation including this time further considerations in terms of specification impacts (mainly related with RAN2) but without any simulation supporting the proposal [6]. For RAN1#78, it has been pointed out that “the benefit related to power control gains should be shown” [7], which will be considered towards taking a final decision on this proposal. 
This contribution is intended to cover some other aspects that also should be considered at the moment of taking a final decision, because moving the downlink control channels from the secondary carrier to primary carrier will bring side effects in terms of OVSF code tree utilization in both the primary and secondary carrier, RAN1 specifications updates, potential scenarios in which there are no benefits, as well as some other aspects to consider related with a new mapping for the channels that are intended to be moved. 
2 Setup Comparison of the Downlink Control Channels between DC-HSUPA and the new proposed configuration 
Enabling high user bitrates on multi-carrier uplink scenarios will rely on Dual Cell HSUPA, where each uplink carrier has to be paired with a downlink carrier. The configuration of the physical channels when DC-HSUPA is activated is shown in Figure 1. 
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Figure 1.  Physical channels in a Multi-carrier scenario where DC-HSUPA is active.

Any of the carriers can take the role of the primary/secondary, and in summary when DC-HSUPA is in use all the physical channels can be carried on both frequencies with exception of the HS-DPCCH which is only carried on the primary uplink frequency.

The document presented in [4], proposes that all the downlink control channels (i.e., F-DPCH, E-HICH, E-AGCH, and E-RGCH) that in the legacy DC-HSUPA rely on the secondary downlink frequency be reallocated into the primary carrier with the aim of obtaining a better power control on the secondary carrier. The proposed configuration for DC-HSUPA is depicted in Figure 2. 
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Figure 2.  Proposal of moving the downlink control channels from the secondary carrier to the primary carrier.

If the proposed configuration shown above is in use, the UL DPCCH of the primary uplink frequency would be the one controlling the power of both the F-DPCH used for sending TPC commands for the primary carrier and the F-DPCH used for the same purpose on the secondary carrier, which for enabling high user bit rates on the secondary carrier could bring a potential gain in terms of power control since the DPCCH on the primary carrier is expected to be transmitted more often than in the secondary carrier.
While there is a potential gain with the proposed modification to DC-HSUPA, it is important to mention that there are a number of side effects that arise as a consequence of transmitting all the downlink control channels on the primary carrier, which are briefly summarized in the following section. 

3 Side Effects of Moving the DL control channels from the Secondary Carrier to the Primary Carrier
In this section, issues related with power control, code utilization, specification impacts, and other aspects are addressed aiming at showing the possible implications of modifying DC-HSUPA by moving the downlink control channels from the secondary carrier to the primary carrier. 
3.1 Power Control Aspects
As mentioned before, with the proposed modification to DC-HSUPA, the DPCCH transmitted through the primary uplink frequency would be the channel responsible of controlling the power levels of both, the F-DPCH located by default on the primary carrier, as well as the one intended to be used by the secondary carrier.
From this proposal, it is possible to derive at least two generic situations. The first situation has to do with a scenario where in both uplink carriers, the UE has the need of receiving TPC commands at the same time as it is depicted in Figure 3. 
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Figure 3.  Downlink control channels of both primary and secondary carrier when power controlled from the primary carrier, UL DPCCH continuous transmission.

Each F-DPCH carries independent TPC commands concluded from the uncorrelated fading situation undergone on each of the carriers, however the power level of both F-DPCH channels is in turn power controlled by the TPC commands transmitted within a single UL DPCCH on the primary carrier. In this case, if the UL DPCCH is transmitted continuously or reasonably often to be present whenever there is a need for transmission on the secondary carrier, then there is potential gain since the downlink control channels would be following a common reference that is supposed to be properly power controlled.
However, a second situation may occur in which the UL DPCCH on the primary carrier is transmitted less often leading to the possibility of having a gap when there is a need for transmission on the secondary carrier as shown in Figure 4. 
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Figure 4.  Downlink control channels of both primary and secondary carrier when power controlled from the primary carrier, UL DPCCH DTX transmission.

For the second situation depicted above there is a lack of power control when at the secondary uplink frequency the UE had the need of transmitting, because instants before the UL DPCCH was not transmitted on the primary carrier (To remember that even when it is possible to use the last TPC command applied before the gap, as soon as the channel gets uncorrelated such a solution results to be random choice which can be 180° out of phase). Therefore, in such a situation to have all the downlink control channels on the primary carrier won’t bring any benefit at all. Moreover, since the F-DPCH for the secondary carrier is not power controlled anymore by the UL DPCCH transmitted on the secondary carrier, then the UL DPCCH that is partially being transmitted on the secondary carrier won’t be used even when it is there.  
3.2 Code Utilization Aspects
When the F-DPCH, E-AGCH, E-RGCH, and the E-HICH originally transmitted on the secondary carrier are moved to the primary carrier, the OVSF tree of the secondary carrier which is expected to be used for enabling high bit rates only (i.e., HS users) will have wasted or unutilized codes under the ramification of the first SF 16, since the secondary will not carry downlink control channels anymore. 
On the other hand, there are at least two obvious impacts to highlight in terms of code utilization on the primary carrier, one related to the reduction of the available HS codes, and the second one with a reduction of codes intended to be used by the R99 UEs. For comparison purposes, an example of a code tree typically used by the legacy DC-HSUPA is shown in Figure 5, while a variation of the same code tree is shown in Figure 6 after moving all the downlink control channels from the secondary carrier to the primary carrier. 
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Figure 5.  Example of Code Tree typically used on the primary carrier of DC-HSUPA.
The OVSF code tree shown in Figure 5 considers the use of 15 HS-PDSCH, with a HS-SCCH set consisting of two channels (the maximum possible number for a HS-SCCH set is 4 channels), where the rest of the branches under the first SF 16 ramification are occupied by downlink control channels belonging to that carrier.
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Figure 6.  Example of a Code Tree used on the Primary Carrier of DC-HSUPA when all the downlink control channels of the secondary carrier are moved to the primary carrier.

On the other hand, Figure 6 shows that at most 14 HS-PDSCH can be used when you move the downlink control channels originally belonging to the secondary carrier to the primary carrier because some branches under the ramification of the second SF 16 are now used by the downlink control channels utilized for the needed interactions with the secondary carrier. 
3.3 RAN1 Specification Impacts

In a paper presented in RAN1 #77 only potential RAN2 and RAN3 specification impacts were presented, however the following sections of the TS 25.214 have been identified to have an impact:
· Under Section 4.3 DPDCH/DPCCH/F-DPCH synchronization, Subsection 4.3.1.2 Downlink Synchronization Primitives

· Under Section 5.2 Downlink power control, Subsection 5.2.1.1 DPCCH/DPDCH/F-DPCH.
· Under Section 5.2 Downlink power control, Subsection 5.2.11 HS-PDSCH.

· Section 6B E-DCH related procedures.
3.4 Other Aspects

By the time DC-HSUPA was designed, it was decided not to have the HS-DPCCH on the secondary uplink frequency and because of that an especial mapping was created, where for DC-HSUPA with no MIMO, a single HS-DPCCH is transmitted on the primary uplink frequency which carries two CQI values and two HARQ acknowledgements corresponding to the primary and secondary carrier respectively.

So, taking the above legacy example as a reference, now that it has been proposed to move the downlink control channels from the secondary uplink frequency to the primary uplink frequency, probably the proper way to follow that proposal is by creating new mappings, in which for example the E-HICHs could be merged into a single channel. However, this requires further studies in order to achieve an accurate mapping design, which at this stage of the Work Item results to be complicated in terms of time. 

Proposal 1: Keep the legacy DC-HSUPA configuration of the Downlink Control Channels.
4 Conclusion

This contribution analyzes the implications of moving the downlink control channels from the secondary uplink frequency to the primary uplink frequency, where in principle it has been pointed out that there is a potential gain in terms of power control when the UL DPCCH on the primary carrier is continuously transmitted or at least transmitted frequently enough to match the uncoordinated transmission needs of both the primary and the secondary carrier.

Nevertheless, in the analysis made through this paper it has been also pointed out that there are side effects that arise as a consequence of moving all the DL control channels from the secondary to the primary carrier, which are briefly summarized next:

· Power Control Aspects: There are scenarios in which the DPCCH gaps on the primary carrier may coincide with the transmission needs on the secondary carrier, which will lead to a lack of power control with no gain from the proposed solution.
· Code Utilization Aspects: The OVSF tree of the primary carrier will be affected in terms of a reduction of HS and R99 users, while the OVFS tree on the secondary carrier will lead to have unused codes under the branches of first SF 16.

· Specification Impacts: Not only RAN2, and RAN3 are impacted, since for the RAN1 specs there will be a need of reformulating some of the statements because the text elements referring to the DL control channels are currently frequency specific.

· Other Aspects: Examples of moving control channels from one carrier to another one already exist in the legacy DC-HSUPA (e.g., a single HS-DPCCH is transmitted from the primary carrier, which internally carriers control information for both the primary and the secondary by making use of a special mapping). So, instead of a raw reallocation a similar approach should be applied for this new proposal in order to optimize the resources, however a further investigation has to be performed in order to identify a proper matching for the channels intended to be moved which at this stage of the WI results to be complicated.
So, after taking into account the pros and cons brought by the proposal of moving the downlink control channels from the secondary to the primary carrier, we have concluded that given the considerable number of side effects, at this stage of the WI it is more appropriate to keep legacy configuration.

Proposal 1: Keep the legacy DC-HSUPA configuration of the Downlink Control Channels.
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