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1 Introduction
The RAN#45 plenary meeting approved a new RAN1 work item termed as “1.28Mcps TDD Multi-carrier HSUPA” [1]. The following consensuses were reached on RAN1 #61bis meeting:

· For HS-SCCH or E-AGCH monitoring, the activation and deactivation status of DRX is always identical for all the carriers. The DRX (de)activation order carried by HS-SCCH is effective for all carriers.
· Parameter UE_DRX_Enabled should be maintained per UE.
· Parameter E_AGCH_DRX_Active also should be maintained per UE.
· Parameters of DRX pattern should be shared by all carriers of MC-HSUPA.
This contribution gives some analysis on properties (battery saving vs complexity) of common and carrier-specific DRX state machines.
2 The trigger of DRX in MC-HSUPA
In SC-HSUPA, Discontinuous downlink reception of E-AGCH should be deal as following:
When E_AGCH_DRX_Active is FALSE and E-AGCH DRX information is configured, UE shall monitor E-AGCHs continuously.
When E_AGCH_DRX_Active is FALSE and the E-AGCH DRX information is not configured, UE shall monitor E-AGCHs according to rules defined in the subclause 5.11.3.
When E_AGCH_DRX_Active is TRUE and TEBS is larger than zero, the UE shall monitor the E-AGCHs continuously.
When E_AGCH_DRX_Active is TRUE and TEBS is equal to zero, the UE is required to monitor the E-AGCHs in the UE’s E-AGCH set continuously until the subframe when the timer E_AGCH_Inactivity_Monitor_Threshold is expired. The UE shall start to monitor the E-AGCH subframes in the E-AGCH reception pattern from the next subframe when the timer is expired. 
The purpose of introduce control channel DRX in SC-HSUPA is that discontinuous downlink control channel reception can reduce the UE Receiver power consumption when UE has no UL data to transmission. In MC-HSUPA, the same criteria should be succeeded. 

Proposal 1: In MC-HSUPA, only when E_AGCH_DRX_Active is TRUE and TEBS is equal to zero, the UE is required to monitor the E-AGCHs in the UE’s E-AGCH set continuously until the subframe when the timer E_AGCH_Inactivity_Monitor_Threshold is expired. The UE shall start to monitor the E-AGCH subframes in the E-AGCH reception pattern from the next subframe when the timer is expired.

3 Complexity of MC-HUSPA DRX
In MC-HSDPA/MC-HSUPA, all DL carriers share the same digital baseband and RF chain, and three kinds of DRX mechanisms in MC-HSUPA could be introduced:

1) DRX maintained per UE
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Figure 2. UE level DRX in MC-HSDPA/MC-HSUPA

If DRX pattern is maintained on a per UE level, UE only needs to be active to receive control channels in the receive occasions. Other time, UE DL receiver can fall to asleep for energy saving purpose. 
2) all control channels in DRX mode maintain the same DRX pattern
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Figure 3. All control channels in DRX mode maintain the same DRX pattern. 

In figure 3, different control channel can be configured to operate in either DRX mode or non-DRX mode. All control channel in DRX mode should use the same DRX pattern which is configured by network on a per UE level. Control channels not in DRX mode should listen to the control channels in a continuous manner. 
No matter which option is chosen, when UE need to receive DL control channel, both the DL RF and baseband should be in operation. The difference among option 1), 2) is the number of carriers for control channel decoding. Compared with the power consumption of RF, the power consumption of baseband decoding is relatively small. So, we advise the control channel DRX status in MC-HSUPA should be maintained per UE.
4 DRX state align of UE level and carrier level DRX
Whether carrier level DRX or UE level DRX is implement in MC-HSUPA, NW and UE should align their DRX state, otherwise the schedule efficiency may be reduced. 
If the control channel DRX is maintained per UE, only when TEBS=0 shall UE and NodeB start the DRX Monitor Timer. The TEBS information is transmitted in SI which has the protection of CRC. So, it is easy for UE and NodeB to align their DRX state. 
If carrier level DRX operation is implement when TEBS>0, the trigger of control channel DRX of each carrier is the E-AGCH scheduling interval is larger than a predefined threshold. Because there is no confirmation for E-AGCH schedule, NW and UE is hard to align their DRX state when TEBS>0. The DRX state align problem of carrier level DRX is shown as following:
· NodeB schedules UE with one E-AGCH, but UE detect the E-AGCH with wrong CRC:

· UE will accumulate the schedule interval since the last correctly received E-AGCH. If the schedule interval is lager than a predefined threshold,even the TEBS>0, the control channel on this carrier will enter DRX state automatilly.
· NodeB cannot estimation each carrier’s DRX states at UE side. If the DRX timer of one carrier is expired and this carrier is in DRX state at UE side, while the DRX timer at NodeB side is not expired and NodeB schedule UE on this carrier continuously, the schedule efficiency will be reduced.
Proposal 2: the control channel DRX status in MC-HSUPA should be maintained per UE.
5 Proposal
Proposal 1: In MC-HSUPA, only when E_AGCH_DRX_Active is TRUE and TEBS is equal to zero, the UE is required to monitor the E-AGCHs in the UE’s E-AGCH set continuously until the subframe when the timer E_AGCH_Inactivity_Monitor_Threshold is expired. The UE shall start to monitor the E-AGCH subframes in the E-AGCH reception pattern from the next subframe when the timer is expired.

Proposal 2: the control channel DRX status in MC-HSUPA should be maintained per UE.
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