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Discussion and Decision
1 1. Introduction
In Release 8 of HSPA standardization dual carrier HSDPA was introduced. In the RAN Plenary meeting #43 [1], it was agreed to extend dual-cell operations to the uplink.  The following objectives for dual carrier HSUPA operations were agreed in the work item [1]:

· The dual carrier transmission only applies to HSUPA UL physical channels and DPCCH

· The carriers belong to the same Node-B and are on adjacent carriers

· Operation with at least 2 carriers configured simultaneously in downlink. In this case the duplex distance between uplink carrier n and downlink carrier n will respect single carrier rules
CPC was introduced in Release 7 to provide an “always connected” feel to the user, reducing the power consumption of the UE in CELL_DCH.  In Release 8 with DC-HSDPA, a method to reduce power consumption at the UE was also provided via L1 activation and de-activation of the secondary E-DCH serving cell by the Node B.  For DC-HSUPA mechanisms to reduce power consumptions at the UE in periods of low activity are also desirable.  Furthermore, as the power amplifier is likely to be common to both carriers in the UL, it might also be desirable to de-activate the secondary uplink carrier at cell-edge to maintain coverage.

2 
Discussion
2.1 Activation/deactivation of secondary carrier

The ability to activate or deactivate the secondary carrier, discussed in RAN2#65bis and during an email discussion, was deemed desirable by a number of companies.  However, some concerns were raised with respect to the activation/deactivation control residing in the serving Node B, resulting in the non-serving Node Bs not being aware whether the UE has the secondary carrier activated or deactivated.   Due to this limitation, it was proposed that the activation/deactivation is allowed if the active set (AS) is equal to 1 and other cases would be FFS. 
We believe that the dynamic activation/deactivation of the second carrier by the Node B can be beneficial for battery saving purposes in all cases, and not only when AS=1.  By disabling the secondary carrier, especially in power limited situation, the UE will significantly reduce power consumption (i.e. no DPCCH transmission and no need to monitor DL control channels) and increase coverage.  Moreover, the active set is often greater than 1 when the UE is located near or at cell edge, which corresponds to the scenario where fast activation/deactivation is most beneficial.  
If activation/deactivation of the secondary carrier is allowed with active set greater than 1, a number of possibilities can be considered for informing the non-serving Node Bs:

· Iub/Iur signalling;
· The secondary cells blindly detecting the deactivation of the secondary;

· The UE sending an acknowledgment to all non-serving RLS.
The serving Node B is aware of the UE buffer status and power headroom on both carriers, therefore the most effective way of activating/deactivating the secondary carrier is via serving Node B signalling. Given the benefits of dynamic activation and deactivation, we propose to:

Proposal 1:  Allow for fast dynamic activation/deactivation of the secondary UL carrier

Note that if the activation/deactivation is limited to the case where the active set is 1, then additional methods to indicate the size of the active set to the serving Node B must be introduced as the serving Node Bs may be unaware of the size of the UE active set.
If the Node B is not allowed to dynamically activate/deactivate the secondary UL carrier, the interaction between the DL and UL secondary carriers have to be carefully taken into account.  For instance, as part of DC-HSDPA, the Node B can dynamically deactivate the secondary carrier.  If the secondary downlink carrier is deactivated then the UE may no longer support the secondary UL operation.  In this situation the Node B should not be allowed to deactivate the secondary HS-DSCH cell, which would further reduce possible battery saving advantages.  Therefore, it is desirable to also deactivate the secondary UL carrier when the downlink HS-DSCH cell is deactivated.  

Proposal 2: 
If the secondary HS-DSCH cell is deactivated by L1 signalling, then the secondary uplink shall be also deactivated.
To facilitate the decision by the Node B, it might be desirable to introduce new mechanisms for the UE to assist the serving Node B in the decision to activate/deactivate the secondary carrier.  A simple approach would be to define a new triggering criterion for reporting SI when the UE is power limited or when the buffer status is below a given threshold. 
Note that if no Node B activation/deactivation is allowed, in order to implement L3 activation/deactivation mechanisms, this information would need to be routed to the RNC.

Proposal 3: 
Introduce new Scheduling Information triggers to assist the serving Node B in the decision to activate/deactivate the secondary carrier.  
2.2 DTX operation
If mechanisms for fast (L1) secondary carrier activation/deactivation are provided for DC-HSUPA, then using the existing CPC mechanism with the same parameters and a single state machine for both carriers might be appropriate (this is similar to what is currently done in DC-HSDPA).  
However, in the case where no (L1) secondary carrier activation/deactivation mechanisms are available for DC-HSUPA, then using the existing CPC mechanisms with the same parameters and a single DTX state machine for both carriers may not provide all the power reduction desired in low periods of data activity to provide battery savings.  Further, disabling the secondary carrier for coverage improvements would need to be taken care of via L3 activation/deactivation.
To reduce the power consumption at the UE, the following possibilities may be considered:
1. Use a larger UE_DTX_cycle_2 on the secondary carrier than the one configured on the primary UL carrier; the two carriers could use the same UE_DTX_cycle_1.  This approach is simple to implement if the UE_DTX_cycle_2 are multiples of one another.  Further, this approach does not suffer from the overhead associated to a carrier re-activation synchronization procedure that would likely be required for fast carrier activation/deactivation.
2. The UE could autonomously de-activate the secondary uplink carrier (stop transmitting the DPCCH) for example after a certain period of inactivity is reached, (e.g. similar to Inactivity Threshold for UE DTX cycle 2).    The Node Bs can blindly detect that the UE deactivated the secondary carrier by means of RL monitoring procedures on the secondary carrier.  The re-activation of the secondary carrier however should be controlled by the network. 

We propose to further improve the UE battery life by discussing additional mechanisms.
Proposal 4:  
Discuss additional means of improving UE battery life, by allowing use of a larger DTX cycle 2 on the secondary carrier or by allowing autonomous deactivation of secondary uplink carrier when a certain inactivity threshold is reached.  
3 Conclusions

This contribution addressed DTX and carrier activation and deactivation for DC-HSUPA.  We propose the following:

Proposal 1:  Allow for fast dynamic activation/deactivation of the secondary UL carrier

Proposal 2: 
If the secondary HS-DSCH cell is deactivated by L1 signalling, then the secondary uplink shall be also deactivated.
Proposal 3: 
Introduce new Scheduling Information triggers to assist the serving Node B in the decision to activate/deactivate the secondary carrier.  
Proposal 4:  
Discuss additional means of improving UE battery life, by allowing use of a larger DTX cycle 2 on the secondary carrier or by allowing autonomous deactivation of secondary uplink carrier when a certain inactivity threshold is reached.  
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