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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 DTX/DRX operation. In this contribution, we attempt to resolve the open issues pertaining to DTX operation on the secondary uplink carrier as well as DRX operation for primary and secondary carriers in single and dual band operation.
[bookmark: _Ref189046994]2	DTX/DRX Enhancements
2.1	DTX Enhancements in DC-HSUPA
It was agreed in the previous RAN1 meeting that the DTX cycle length and inactivity thresholds would be configured independently for the two carriers. Further, in order to facilitate TDM operation with minimal interference, longer DTX cycles are to be considered.
Based on data obtained from field measurement results in various operator networks, it is considered that the following values 	DTX cycles for the secondary carrier would be beneficial both in terms of battery life and the reduction of uplink interference. 
Table 1: Extended DTX Cycle 2 parameters for the secondary carrier
	Parameter
	Configurable values in subframes

	Extended DTX cycle 2 values for the secondary carrier
	2ms TTI: 320, 640, 1280
10ms TTI: 320



It should be noted that such large DTX cycle 2 values are to be considered only if it is considered that Sync A procedure is not necessary when the secondary carriers comes out of DTX. Current specifications indicate that when the secondary carrier is activated through an order, the Sync A procedure is followed with the initial power set to a value offset from that of the primary carrier. If Sync A procedure is to be followed each time the secondary carrier emerges out of DTX, then it is considered that any gains that may be obtained by extension of the DTX may be lost.
Additionally, when long DTX cycles are configured, it can be expected that the power control loop is no longer stable. Therefore, power control inefficiencies need to be resolved by the use of preambles or other mechanisms when DTX bursts occur. Otherwise, the link efficiency impact due to the loss of adequate power control may be severe [6].
Proposal 1: Adopt the extended DTX cycle 2 parameters in Table 1, if Sync A procedure is not required and if power control issues are adequately addressed.

2.2      DRX Enhancements 
2.2.1     DRX Enhancements in Secondary carriers
At the previous RAN1 meeting, proposals were presented for improving DRX performance for secondary carriers both in the same band [7] and in dual band operation. 
In dual band operation, the UE has two receive chains and 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 [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:
· The secondary carriers are de-activated as soon as the UE enters DRX state. Therefore, the UE would follow the DRX cycle only on the primary carrier. 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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[bookmark: _Ref378863806]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.
The above scheme is an enhancement to DRX operation in dual-band DC and MC-HSDPA which helps with UE battery savings. Further analysis of battery savings as well as interaction with HS-SCCH orders, CQI reports, call-flow analysis and error events can be found in [5]. 
In addition to dual band operation, autonomous deactivation of the secondary carrier could also be useful for the secondary carriers in multi carrier HSDPA. When there is no data activity on the downlink, deactivation of the secondary carrier would help the UE in not having to monitor the HS-SCCH, AGCH and other control channels which would also have battery life benefits. Therefore, the scheme presented above should also be extended to multicarrier operation in the same band.
Proposal 2: Adopt timer based de-activation of secondary carriers in single and dual-Band HSDPA

2.2.2     DRX Enhancements in a Single Carrier
Enhancements to DRX operation were also proposed for single carrier operation [8]. The benefit of extending the DRX scheme to be aligned with the DTX cycles is the additional battery savings that can be obtained by not turning on the receiver when there is no downlink or uplink activity or in bursty traffic conditions. The concerns raised about this scheme were that there would be SRB traffic ongoing which might incur delays and any battery life benefits would be limited because the UE could be moved to CELL_FACH or CELL_PCH. 
Figure 2 shows the logs of SRB traffic for pedestrian and vehicular traffic from different networks.


Figure 2: Empirical CDFs of the time difference between SRB traffic in a Pedestrian channel scenario
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Figure 3: Empirical CDFs of the time difference between SRB traffic in a Vehicular channel scenario 
It can be seen from Figures 2 and 3 that a substantial portion of the messages (over 90% in pedestrian and around 60% in vehicular channel conditions) arrive after a 200ms time interval. Therefore, the existing maximum DRX cycle of 40ms seems excessively restrictive. If this were to be increased, there would certainly be additional battery life benefits that could be obtained. 
It should also be noted that typically downlink messages are triggered by uplink events or uplink traffic. Therefore, the UE would come out of CPC in most cases for the data transmission on the downlink. Due to this, it is considered that increasing the DRX cycle on the downlink poses minimal risk to SRB messaging.
The impact on battery life requires consideration of the duration of time that the UE would be in CELL_DCH state. Based on field data obtained from different networks, the configuration of the transition timer (from CELL_DCH to CELL_FACH or CELL_PCH) ranged from 2s to 14s. In all networks sampled, the time taken to transition to a different state was of the order of multiples of seconds. Therefore, any battery life savings that can be obtained while still in CELL_DCH state would certainly be beneficial to the UE’s battery life. 
The values for the DRX cycle 2 proposed in [8] also seem to fit the messaging profile shown in the figures above. The table presented in [8] is reproduced below.
Table 3: Summary of the DRX parameters to be included as enhancements for the single and primary carriers
	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



The maximum DRX cycle 2 that can be configured is 160ms which is quite less than the average time difference for messages. Therefore, it is proposed that Table 3 is adopted for enhancing DRX for single carrier operation.
Proposal 3: Adopt DRX cycle 2 and an inactivity threshold for cycle 2 operation and the corresponding values shown in Table 3 for single carrier.

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:
[bookmark: _In-sequence_SDU_delivery]Proposal 1: Adopt the extended DTX cycle 2 parameters in Table 1, if Sync A procedure is not required and if power control issues are adequately addressed.
Proposal 2: Adopt timer based de-activation of secondary carriers in single and dual-Band HSDPA
Proposal 3: Adopt DRX cycle 2 and an inactivity threshold for cycle 2 operation and the corresponding values shown in Table 3 for single carrier.
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