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1
Introduction

During RAN#62, a Work Item on Further EUL enhancements was agreed. One of the objectives listed under the WID [1] is to introduce enhancements for enabling high user bitrates in single and multi-carrier uplink mixed-traffic scenarios. Three main areas are identified:-
a) DTX/DRX enhancements (e.g. decouple DRX/DTX parameters between primary and secondary carriers, increase DTX cycles, increase DRX cycles, independent DTX parameterization)

b) Improved granting: Improved granting for secondary carriers and TDM operation
c) Improved power control after long DTX gap on secondary uplink frequency, if performance issues due to long data interruption are found.
In this contribution, we propose some enhancements related to item a). 
2
DTX/DRX Enhancements
2.1
DTX Enhancements in DC-HSUPA
One of the methods to enable high rate operation is to reduce the interference caused on the uplink due to pilot only transmission from inactive users. Even with DTX configured, the users are required to transmit periodic bursts of pilot. When in DTX cycle 1, the UE is required to transmit pilot bursts every UE_DTX_Cycle_1 subframes during data inactivity. Upon expiration of an inactivity threshold for DTX cycle 2, the UE is required to transmit pilot bursts every UE_DTX_Cycle_2 subframes.  The value ranges for DTX cycles 1 and 2 are captured in Table 1 below.
Table 1: UE DTX cycle 1 and 2 value ranges

	Parameter
	Unit
	Value Range

	UE DTX cycle 1
	Subframes
	2ms TTI: 1, 4, 5, 8, 10, 16, 20, 10ms TTI: 1, 5, 10, 20

	UE DTX cycle 2
	Subframes
	2ms TTI: 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 10ms TTI: 5, 10, 20, 40, 80, 160


Longer values of DTX cycle 2 could be introduced to help reduce the interference from periodic pilot bursts thereby enabling higher rates. Similar arguments also hold for enabling higher rates on secondary uplink in DC-HSUPA.
Proposal 1: Introduce longer values for DTX cycle 2 for single and multi-carrier EUL operation
In Rel-9, the DTX operation in DC-HSUPA is independent for each carrier. This means that the DTX state machine including DTX cycles, MAC DTX cycle, DTX inactivity timers etc. are maintained separately per carrier. However, both carriers can only be configured with one and the same set of DTX parameter values. The DTX parameter values signalled on the primary carrier get copied over to the secondary carrier. In mixed traffic scenarios, it may be desirable to have high rate operation on the secondary uplink carrier through the use of longer DTX cycles, but at the same time minimize delays in data transmission on the primary carrier. Thus, it would be beneficial to allow the DTX parameter values to be independently configured for the two uplink carriers in DC-HSUPA.

Proposal 2: Allow independent DTX parameter values to be signalled for the primary and secondary uplink carrier in DC-HSUPA
2.2
DRX Enhancements in DB-HSDPA
In Rel-8, it was decided that the DRX mode would be common for both carriers in DC-HSDPA operation. There did not appear to be tangible benefits for entertaining different DRX states for DC-HSDPA operation. Since the UE has a single receive chain for DC-HSDPA (see [3]), specifying different DRX cycles for the two carriers would not have resulted in any additional battery savings. 

This decision was carried forward in Rel.9 for dual-band DC-HSDPA. However, the UE has two receive chains in the case of Dual-Band operation (see [4]). Therefore, shutting down the second receive chain would yield appreciable battery savings when data is not being received.
In the current CPC procedures, the UE enters DRX state upon expiry of the Inactivity_Threshold_for_UE_DRX_cycle timer and no data has been received during that time. In DC-HSDPA operation, both carriers would enter DRX state and employ identical DRX cycles. In [5], a DRX based deactivation scheme was proposed in order to obtain battery savings for dual-band HSDPA operation. The proposed scheme there is outlined below for dual-band DC-HSDPA but can be easily generalized for dual-band MC-HSDPA:-

· The secondary carrier is de-activated as soon as the UE enters DRX state. Therefore, the UE would follow the DRX cycle only on the primary carrier, whilst the secondary carrier is turned off. Figure 1 illustrates this operation. Note that, in the case of MC-HSDPA, all the secondary carriers in the second band (band not containing the primary carrier) are de-activated.
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Figure 1: Block diagram depicting the DRX based deactivation of a secondary carrier. It is assumed that the secondary carrier is situated in a different band
· Upon reception of data on the primary carrier (or on any of the carriers in the same band in the case of MC-HSDPA), the UE exits DRX mode and re-starts the Inactivity_Threshold_for_UE_DRX_cycle timer. 

· The secondary carrier would also be activated upon data reception unless it has been explicitly de-activated by an HS-SCCH order. In the case of MC-HSDPA, all the carriers on the second band are activated except the ones that have been explicitly de-activated by an HS-SCCH order. 

· The activation time for the secondary carrier is considered to be similar to the activation time experienced by the UE upon reception of an HS-SCCH order. 

· The NodeB could begin scheduling data on the secondary carrier after a pre-specified activation time. Alternatively, the NodeB could wait for the reception of CQI reports on the secondary carrier to schedule transmissions on that carrier.

Whilst not necessarily enabling higher rates, the above scheme is an enhancement to DRX operation in dual-band DC and MC-HSDPA which helps with UE battery savings. For further analysis of battery savings from the proposed scheme as well as interaction with HS-SCCH orders, CQI reports, call-flow analysis and error events, we refer the reader to [5]. 

Proposal 3: Discuss the merits of the scheme presented for timer based de-activation of secondary band carrier in Dual-Band HSDPA operation
3
Conclusion

In this contribution, we have discussed some enhancements to DTX/DRX operation to enable higher rates and provide further battery savings. The following has been proposed:-
Proposal 1: Introduce longer values for DTX cycle 2 for single and multi-carrier EUL operation

Proposal 2: Allow independent DTX parameter values to be signalled for the primary and secondary uplink carrier in DC-HSUPA
Proposal 3: Discuss the merits of the scheme presented for timer based de-activation of secondary band carrier in Dual-Band HSDPA operation
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