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1 Introduction

A new Work Item (WI) 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 WI 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.

Concretely, the possibility of increasing the length of the DRX cycle towards obtaining additional battery power savings at the UE, and a better alignment with respect to the DTX cycles has been discussed during RAN1#76 [2]. This contribution recalls the benefits of increasing the DRX cycle, and addresses some of the issues that may arise if it gets extended. 

2 Motivation behind increasing the DRX cycle 
When the DRX operation takes place, the network limits the number of subframes where the UE has to monitor the HS-SCCH, E-AGCH, and E-RGCH with the aim of reducing the UE battery consumption. In this regard, the monitoring periodicity of the DRX operation can be configured by any of the values shown in Table 1. 
Table 1. UE DRX cycle according to TS 25.331 

	Parameter
	Configurable Values

	UE DRX cycle
	{4, 5, 8, 10, 16, 20} subframes for 2ms TTI


It is important to say that the downlink DRX operation is only possible when the uplink DTX operation is activated, and that are there are some other downlink channels (e.g. E-HICH and F-DPCH) that are not subject to the discontinuous reception because of their corresponding dependencies with the uplink activity. Therefore, in order to obtain a full profitability of the CPC feature, the network should configure UE DTX cycle and UE DRX cycle to match each other.
Nevertheless, for the uplink DTX operation there are more possible configurable values available since the DTX can be split in two cycles as illustrated in Table 2. 

Table 2. UE DTX cycles according to TS 25.331
	Parameter
	Configurable Values

	UE DTX cycle 1
	{1, 4, 5, 8, 10, 16, 20} subframes for 2ms

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


From Table 1 and 2, it can be seen that the DTX and DRX cycles can be kept in alignment to a certain extent, because beyond 20 subframes, the monitoring activity rate with respect to the UE DTX cycle is progressively higher and higher.

So, in order to enhance CPC in terms of alignment between the uplink DTX and downlink DRX, and given that additional UE power battery savings have been foreseen, it is proposed to introduce an Inactivity Threshold for UE DRX cycle 2, along with a UE DRX cycle 2 in order to extent the set of configurable values of the UE DRX cycles..   
Table 3. DRX parameters to be included for extending the UE DRX cycle 

	Parameter
	Configurable Values

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

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


By introducing the parameters contained in Table 3, in short it is expected to obtain the following benefits: A) to increase the battery savings at the UE, B) to achieve a better alignment between the DTX and DRX cycles, and C) to better adapt the receiver circuitry operation to the modern traffic needs.

2.1 Aspects to consider when increasing the DRX cycle
2.1.1 Mobility measurements
During the CELL_DCH state the UE shall measure identified intra/inter frequency cells and search for new intra/inter frequency cells, which takes into consideration whether the DL DRX is active or not.

In this regard, when the DL DRX is active, the identification of a new cell is performed as follows:
· If DL_DRX_Active = 1 and the UE DRX cycle < 10 subframes, the UE shall be able to identify and decode the SFN of a new detectable cell belonging to the monitored set within Tidentify intra = 800ms. 

· If DL_DRX_Active = 1 and the UE DRX cycle ≥ 10 subframes, the UE shall be able to identify and decode the SFN of a new detectable cell belonging to the monitored set within Tidentify intra = 1.5s.
From the requirements shown before, it can be seen that the configurable values of the existing UE DRX cycle are split in two categories in terms of timing for cell identification, and that is up RAN4 to decide if the new proposed values contained in the UE DRX cycle 2 that go beyond 20 subframes can still be accommodated within the second category (no upper limit given) or if requirement needs to be extended.

2.1.2 Cell_FACH State

It is fair to say that the DRX cycle in Cell_FACH state has a maximum value of 320ms, and therefore a lower battery usage can also be achieved by switching a user into Cell_FACH state.

But on the other hand, a trade-off between latency vs battery saving, vs signalling when deciding if the UE switches from Cell_FACH to Cell_DCH and vice versa, or if it stays in Cell_DCH for a longer time should be also taken into consideration.  .   
For example in order to avoid switching between connected mode states, LTE has available DRX cycles longer than 20 subframes.

Proposal 1: Introduce an UE DRX cycle 2 along with an Inactivity Threshold for UE DRX cycle2.

Proposal 2: Extend the length of the UE DRX cycle 2 at least up to 80 subframes.

3 Conclusion

This contribution proposes to introduce an UE DRX cycle 2 along with an Inactivity Threshold for UE DRX cycle2 aiming at fulfilling the following purposes:
· Increase the power battery savings at the UE.
· Extend the alignment between the DTX and DRX cycles.
· Adapt better the receiver circuitry turn on/off operation to the modern traffic needs.

Proposal 1: Introduce an UE DRX cycle 2 along with an Inactivity Threshold for UE DRX cycle2.
Proposal 2: Extend the length of the UE DRX cycle 2 at least up to 80 subframes.
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