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1 Introduction
RAN1#55bis and RAN1#56 evaluated the performance of Dual Cell High-Speed Uplink Packet Access (DC-HSUPA) operation of two adjacent carriers ‎[1]
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 \* MERGEFORMAT ‎[2]
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 \* MERGEFORMAT ‎[3] and at RAN#43 a Work Item was initiated ‎[4]. This contribution discusses some design alternatives related to DC-HSUPA operation. 
2 Discussion
As a starting point we originate from [4] where it is stated that operation of DC-HSUPA should be specified for a scenario where at least two downlink carriers are configured. Thus the number of available (configured and activated) downlink carriers is always equal to or greater than the number of uplink carriers. In [4] it is further stated that the duplex distance between uplink carrier n and downlink carrier n will respect the single carrier rules. A consequence is that it is always possible to have paired operation.
When evaluating the alternatives presented below the following design criteria are seen as desired:

1. Minimal impact on the current specifications
2. Co-existence with legacy (SC-HSUPA) UEs
3. Extendibility to also support potential extensions in future releases (e.g. dual-band DC-HSUPA)
2.1 Physical layer channel allocation for DC-HSUPA
This section discusses allocations of the physical channels in DC-HSUPA operation. In the simplest form each of the two carriers could be associated with the same physical channels as in single-carrier operation. Because this is the most straightforward extension of the existing standard other alternative proposals should only be considered if they are associated with significant advantages. This section discusses the advantages and disadvantages with possible allocations of the physical channels in a DC-HSUPA scenario. In particular, focus is on identifying the potential gains that can be achieved by transmitting certain physical control channels on one pair of the downlink and uplink carriers. 
2.1.1 Downlink control channels
In DC-HSUPA operation control information related to the two uplink carriers needs to be transmitted in downlink. Such information includes the E-HICH, E-AGCH, E-RGCH, and (F-)DPCH. With respect to the allocation of physical downlink control channels there are two main alternatives; namely

· Duplicate the control channels for each uplink carrier, E-HICH, E-AGCH, E-RGCH, and (F-)DPCH, on its respective paired downlink carrier, or 

· Aggregate the control channels E-HICH, E-AGCH, E-RGCH, and (F-)DPCH for all uplink carriers to, e.g., the anchor downlink carrier. The multiplexing of control information associated with the respective uplink carrier can be performed via codes, time, or combinations thereof.
The second alternative - to transmit the control channels on a single downlink carrier - has previously been discussed in ‎[5]. As noted therein this approach could be useful since it can reduce the overhead, interference, and/or code consumption. To exemplify, once a code has been allocated to E-HICH/E-RGCH for a certain UE the same code can be shared by up to 19 additional single-carrier UEs. Similarly a code allocated to F-DPCH could be shared by up to 10 single-carrier UEs. However, when evaluating the potential efficiency gains that can be obtained by aggregating the downlink related control signaling one should consider that:
· E-HICH, E-AGCH, E-RGCH, and (F-)DPCH can be power controlled ‎[6]. Thus the total amount of power that needs to be devoted for transmitting control information will be approximately the same for the two alternatives (given the same quality level),
· In order for the potential performance gain from reduced code consumption to exist, all legacy UEs need to be allocated to the same carrier.
· If the active set of the secondary carriers for a particular UE has at least one element that is not part of the anchor active set, E-HICH/E-RGCH must be transmitted on transmitted on also the secondary carrier. Situations where UEs have different active sets associated with the two carriers could occur, e.g., in a heterogeneous network deployment where some of the NodeBs only support one of the carriers that are used for DC-HSUPA operation. 

Although the alternative where the control channels E-HICH, E-AGCH, E-RGCH, and (F-)DPCH are duplicated on each carrier in certain situations may be associated with slightly more overhead, one should consider the fact that: 

· It is a straightforward extension with minimal impact on the existing specifications (e.g., no need for new control channel design and less impact on RAN 4 work).
· The approach allows that the active set for the two carriers are different. This could be preferable in, e.g., heterogeneous networks where some of the NodeBs operate on both carriers while other only utilize one of them.
As no technical reasons are found why it should be beneficial to aggregate the control channels onto a single carrier it is proposed that the downlink control channels related to the EUL should be duplicated, i.e. 

Proposal 1: The E-HICH, E-AGCH, E-RGCH, and (F-)DPCH should be transmitted on each individual downlink carrier.
2.1.2 Uplink control channels
Similarly as the channels transmitted in downlink, the control information transmitted in uplink could either be transmitted on each of the two carriers or jointly encoded and transmitted on a single carrier only. As DPCCH is needed for scheduling and channel estimation it should be transmitted on each active uplink carrier. To enable that different transport formats are used on each carrier also the E-DPCCH should be transmitted on each individual uplink carrier.
The HS-DPCCH shall, however, be transmitted on one of the two uplink carriers; even if a user operates in DC-HSUPA mode. This is in alignment with Rel-8 where an asymmetric scenario with two downlink and one uplink carrier was considered. Considering additional complexity, we see no need for introducing a separate HS-DPCCH format when two uplink carriers are transmitted. Possible extensions using the same principle have also been discussed in ‎[5] and ‎[7] for the case where 3-4 downlink carriers are active simultaneously.
Proposal 2: DPCCH and E-DPCCH should be transmitted on each individual uplink carrier.
Proposal 3: HS-DPCCH should be transmitted on the anchor uplink carrier only.
Proposal 4: The anchor downlink and anchor uplink carriers should be paired.
2.2 Activation and deactivation of secondary carrier
Because activated uplink carriers are associated with several control channels the possibility to dynamically deactivate (reactivate) the secondary uplink carrier could be beneficial; e.g. as a means to preserve uplink coverage ‎[1] and increase battery life-time (by reconfiguring the RF chain to only listen to 5 MHz). 
In principle the network (NodeB and/or RNC) or the UE can be responsible for determining whether a secondary carrier should be activated (deactivated). Unlike for the downlink though, where the NodeB is aware of both the available transmit power and the buffer status of the UEs this information is now distributed amongst the UEs. However, only the NodeB is aware of current traffic demand (number of available codes for control signaling transmitted over the downlink, noise rise, etc.) and to some extent, also the NodeB is aware of the UE’s buffer and power status (via the happy bit and the UE Power Headroom available in the Scheduling Information). Since distributed control, where the UEs can decide if and when they should deactivate (reactivate) their secondary uplink carrier, could result in larger interference variations and that multiple UEs transmitting on both carriers although this is not beneficial from a system point of view, it could be desirable to let the serving NodeB be responsible for deactivation and reactivation of secondary carriers.
Activation (deactivation) of secondary carriers could be signaled to UEs by means of HS-SCCH orders transmitted by the serving cell. In case of activation of a secondary carrier the initial power level used by UE on the secondary carrier could be based on the power level used on the anchor carrier. When the anchor serving cell transmits an HS-SCCH order to a UE in soft handover, non-serving cells needs to be informed. The procedure for this should be agreed with other working groups. 

Proposal 5: The network should control activation and deactivation of secondary uplink carriers. The UE could be notified by means of HS-SCCH orders transmitted on the anchor carrier.

For uplink transmission DTX/DRX could be useful as a means to reduce interference and in order to improve UE battery life-time. In principle the DTX/DRX mechanism can either be applied jointly to all carriers (as for DC-HSDPA in Rel-8) or individually on each other of the carriers. In order to be able to reduce the interference levels associated with control signaling in situations where a UE are configured on two carriers but only has a grant on one of them it would be preferable to specify the DTX/DRX per carrier. Note that this per carrier DTX/DRX mechanism may require that additional DTX/DRX HS-SCCH orders are introduced. 

2.3 Power control aspects
As noted previously in section ‎2.1, a UE can experience different interference levels on the different carriers. Thus, it would be beneficial to rely on different power control loops for each of the two carriers. A second advantage with using different power control loops for the individual carriers is that this approach would allow that the existing power control procedures are reused. A third advantage with this approach is that it is likely to simplify the coexistence between DC and legacy SC UEs (this would also minimize the RAN4 work).

We finally note that in situations where the UE is power limited (i.e. the sum of the serving grants is larger than maximum UE transmit power) or buffer limited (i.e. the available data can be transmitted using the serving grant on one of the individual carriers), the transmit power and/or available data must be shared across the carriers. The procedures for the case when grants on two carriers can not be exploited should be specified and the chosen approach should be coordinated with RAN2 and RAN4.
2.4 Active set definition
One important difference between downlink and uplink is the handling of active set. This was discussed in e.g. ‎[5]. For DC-HSDPA, the active set is based on the single-carrier active set on the anchor carrier but the same definition is not necessarily applicable for DC-HSUPA. For instance, consider a heterogeneous network where some of the NodeBs uses only the secondary carrier and the active set for each UE is based only on the anchor carrier. In that case, severe inter-cell interference problems and reduced uplink coverage may occur.

So far, no technical reasons are found why the concept of active set should be refined. Therefore, it is proposed to assume independent carrier-specific active sets with the constraint that the anchor and secondary serving cells belong to the same NodeB. Apart from increased uplink coverage and improved inter-cell interference control, the introduction of different non-serving cells means that the UE can make use of existing mobility procedures and measurements events on each respective carrier. Consequently, the impact on the standard is minimal as also noted in ‎[8], where it is also proposed that the active sets are carrier-specific with the constraint that anchor and secondary serving cells belong to the same NodeB. Finally we note that the definition of active set is inter-related with the structure of the control channels discussed in section ‎2.1. 
3 Conclusions

In this contribution different design principles related to DC-HSUPA have been discussed. First, proposals for how the control channels can be structured and how the deactivation (reactivation) of secondary cells could be handled were presented. Regarding these matters, for a UE configured in DC-HSUPA mode, the proposals were 
· Proposal 1: The E-HICH, E-AGCH, E-RGCH, and (F-)DPCH should be transmitted on each individual downlink carrier.
· Proposal 2: E-DPCCH and DPCCH should be transmitted on each individual uplink carrier.
· Proposal 3: HS-DPCCH should be transmitted on the anchor uplink carrier only.
· Proposal 4: The anchor downlink and uplink carriers should be paired.
· Proposal 5: The network should control activation and deactivation of secondary carriers. The UE should be notified by means of HS-SCCH orders transmitted on the anchor carrier.
These proposals would require minimal changes to the existing standard. Hence other alternatives should mainly be considered if they can be shown to have significant technical benefits.
Aside from these proposals the power control procedures and actives set definition for DC-HSUPA were also briefly discussed. With respect to both these issues it was highlighted that the work in RAN1 and RAN2 will be dependent. More specifically, the UE power control (RAN1) and E-TFC selection (RAN2) will be dependent when the UE is power or buffer limited, and furthermore the allocations of the physical control channels (RAN1) and the definition of the active set (RAN2) depend on each other.
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