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1 Introduction

A new Work Item on “Further EUL Enhancements” was approved during the RAN#62 plenary meeting. The objective of the Work Item consists in specifying technical solutions for increasing the uplink capacity, coverage, and end user performance (e.g. latency, achievable rates, etc.) [1]. 

The main objective of the Work Item has been subdivided in detailed objectives, being “Introducing enhancements for enabling high user bitrates in single and multi-carrier uplink mixed-traffic scenarios” and more specifically the area related with “DTX/DRX enhancements (e.g. decouple DRX/DTX parameters between primary and secondary carriers, increase DTX cycles, increase DRX cycles, independent DTX parameterization)” is the one addressed by this contribution.

This paper brings up the motivation for decoupling the DTX/DRX parameters between primary and secondary carriers, being the pursued goal to reduce latency, power battery consumption at the UE, and the uplink interference on the secondary carrier.

2 Motivation behind decoupling DRX/DTX parameters between primary and secondary carriers

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.

Since many of the physical channels in DC-HSUPA may be active simultaneously (e.g., uplink power control runs independently for each of the carriers), to reduce the activity of some of them can bring benefits in terms of both uplink interference reduction and power battery savings. In this regard, to decouple the DTX/DRX parameters between primary and secondary carriers has been seen as a way of achieving the previously stated goals. 

2.1 Decoupling on the Secondary Carrier

The packet data traffic has been characterized to be highly bursty with short transmission durations, having unpredictable arrival/request of data transmission. Because of that from a performance perspective, to keep the UE in one state in which it can be able to rapidly react to the traffic needs is highly desirable. However, the fact of maintaining such a connection brings from a network perspective a cost in terms of uplink interference, while from the UE side the price to be paid has to do with power consumption.  

In this regard, the CPC (Continuous Packet Connectivity) feature was introduced in Release 7 for keeping the UEs which temporarily have no data to transmit in CELL_DCH without excessively compromising the cell throughput. The above is achieved by transmitting and receiving discontinuously according to a gating pattern that is only overlooked when there is data activity ongoing, which also results in power savings at the UE. 

The following sections describe the way of further extending the benefits already brought by CPC through decoupling the DRX/DTX parameters for secondary carriers intended to enable high user bit rates.
2.1.1 DTX on the Secondary Carrier

The discontinuous transmission (DTX) reduces the uplink interference by letting the DPCCH to be periodically transmitted according to an activity pattern dictated by a UE DTX cycle, which at the same time saves UE’s battery by not having to transmit the above mentioned uplink control channel in a continuous way.

For better adapting to the traffic conditions, the DPCCH gating also offers the possibility of switching between two different cycles, the UE DTX cycle 1 intended to deal with short inactivity periods, and the UE DTX cycle 2 aimed at treating with the longer ones.

Even when CPC lowers the cost of keeping inactive UEs in CELL DCH by significantly reducing their DPCCH activity, from an interference reduction perspective the best thing to be done consists in completely switch off the DPCCH activity when no data transmission is taking place [2].
The above especially applies to bursty traffic scenarios, whose unpredictable nature leads to deal with short, but also very long inactivity periods, and for that reason to have the capability of offering an always-on experience to the inactive packet data users without compromising at all the interference headroom in the cell becomes in a significant improvement to the EUL. 
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Nonetheless, in the single carrier case there are practical limitations related to loss of sync and power control operation that prevent to have an ideal gating. 

However, within the context of a secondary carrier the well-known restrictions preventing the ideal gating can be overcome by taking advantage of the available information that the UE has available on the primary carrier. That is, the sync can be kept through the primary carrier, while the power control issues that arise after long data interruptions can be alleviated by for example re-starting the data transmission by using power reference levels taken also from the primary carrier.

So, since for the secondary carrier it is feasible to achieve an ideal gating, in short what it is proposed is to add the option of “Infinity” as a configurable parameter for the UE S-DTX cycle 2.

2.1.2 DRX on the Secondary Carrier

The discontinuous reception (DRX) is intended to periodically switch off the receiver circuitry at the UE aiming at reducing its battery power consumption. In this regard, the DRX leads to a discontinuous monitoring of three downlink channels (i.e., HS-SCCH, E-AGCH, and E-RGCH) according to the configuration of the UE DRX cycle.

When referring to a dedicated secondary carrier intended to enabling high user bit rates, the HS-SCCH/HS-DSCH activity can be prioritized to take place on the primary carrier, and the same applies to the grants for the uplink data transmissions, which decreases the monitoring needs and opens the possibility of using longer DRX cycles for the secondary carrier.
So, in order to fully take advantage of what has been stated before, the DRX on the secondary carrier should have the possibility of being configured with the same set of values than the ones that can be used for the DTX. The above can be achieved by including an UE S-DRX cycle 2 along with an Inactivity Threshold for UE S-DRX cycle2, which are equivalent to the ones that are in operation today for the DTX.
Highlighting that option of infinity is also available in UE S-DRX cycle 2, since the primary carrier can take the main role of monitoring the downlink activity, and if needed, the primary carrier can instruct the secondary carrier to 'wake up'.

This way, in a scenario where a secondary uplink carrier intended to provide high user bit rates gets support for accomplishing some of its basic functionalities (e.g., sync, power control, granting) from the primary downlink carrier, significant power savings can be expected at the UE side by having most of the time switched off the receiver circuitry in charge of monitoring the activity concerning to the secondary downlink carrier. 
2.2 Summary of the DTX/DRX decoupling for Secondary Carriers 

The Table 1 summarizes the proposed DTX/DRX parameters to be decoupled on the secondary carriers:

Table 1. Summary of the DTX/DRX parameters to be decoupled on the secondary carriers
	Parameter
	Configurable Values

	UE S-DTX cycle 2
	{4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, Infinity} subframes for 2ms TTI

	Inactivity Threshold for UE S-DRX cycle 2
	{1, 4, 8, 16, 32, 64, 128, 256} E-DCH TTIs

	UE S-DRX cycle 2
	{4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, Infinity} subframes for 2ms TTI


Highlighting that the CPC related parameters not shown in Table 1, are kept untouched with respect to the current standard, and that are re-used by the secondary carrier as they are.

Proposal 1: Introduce the value of “Infinity” to the UE S-DTX cycle 2 of the secondary carriers.

Proposal 2: Introduce an UE S-DRX cycle 2 along with an Inactivity Threshold for UE S-DRX cycle2.

3 Conclusion

This contribution brings the motivation for decoupling the DTX/DRX parameters between primary and secondary carriers mainly aiming at fulfilling two purposes:

· To reduce latency by not having to activate/deactivate the uplink secondary carrier as function of the bursty traffic, since it will remain in an "always-on" state.
· To keep inactive packet data users in CELL DCH state without consuming any uplink radio resources.

· To further increase the battery power saving in the UE when dealing with no activity or long inactivity periods on the secondary downlink carrier.
The first two points by achieving an ideal gating on the secondary carrier by means of having available the “Infinity” option in the UE S-DTX cycle 2, and the third one by extending the time during which the circuitry at the receiver remains switched off by introducing for the secondary carrier an Inactivity Threshold for UE S-DRX cycle 2, as well as an UE S-DRX cycle 2 having the same set of options than the ones that can be found in the UE S-DTX cycle 2.

Proposal 1: Introduce the value of “Infinity” to the UE S-DTX cycle 2 of the secondary carriers.

Proposal 2: Introduce an UE S-DRX cycle 2 along with an Inactivity Threshold for UE S-DRX cycle2.
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