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1 Introduction
In this contribution the use of DRX together with sTTI is discussed. 
2 Discussion
2.1 RAN1 agreements
In the incoming LS [1] from RAN1 it states that RAN1 has not concluded on any additional L1 mechanism for potential power saving related to sPDCCH monitoring. RAN1 asks about RAN2 views on a L2 based power saving mechanism.
2.2 PDCCH and sPDCCH monitoring
The DRX cycle consists of on-duration subframes during which the UE is required to monitor the PDCCH and subframes during which the UE can sleep. During on-duration, if the UE finds a grant for it in PDCCH it stays active during the rest of the subframe. Otherwise, it skips monitoring the remaining subframe until the next PDCCH arrives.
Currently the DRX only considers PDCCH monitoring and updates are necessary to state the behavior for sPDCCH. Also necessary adjustment to fulfil the needs for possible use-cases together with short TTI should be considered when doing the analysis. It is proposed that RAN2 evaluates DRX and makes suitable adjustments for short TTI.
Proposal 1: Evaluate DRX and make relevant adjustments for short TTI.

Proposal 2: Send a reply LS to RAN1 saying that RAN2 is updating the L2 power saving mechanism for short TTI.

2.3 DRX updates due to short TTI

Services which require very low latency would not be configured with DRX, but short TTI could also be used for mobile broadband users. A main use case for short TTI for mobile broadband users is during the TCP ramp-up procedure. Short TTI grants are allocated during the TCP ramp-up and after some time the grants are switched to 1ms TTI to reduce control overhead. As the UE is still configured with both legacy TTI and short TTI after the switch, it is still required to continue monitoring sPDCCH along with receiving PDSCH. It seems unnecessary for the UE to listen to PDCCH, PDSCH and sPDCCH even though the scheduler will not use short TTI until the transfer is completed. Improvements to this use case should be considered when evaluating DRX for short TTI. 
Observation 1: A UE is required to continue monitoring sPDCCH after a switch to 1ms TTI even though the scheduler is not expected to use short TTI for a long time. 
2.3.1 Behaviour of DRX together with short TTI
When short TTI is introduced the current DRX framework should be used as a baseline and necessary adjustments for short TTI can be made. When the UE is in onDuration the UE monitors both sPDCCH and PDCCH allowing the eNB to decide whether to schedule using either sPDCCH or normal PDCCH.

If the eNB decides to schedule the UE on sPDCCH the eNB is likely to continue scheduling the UE on sPDCCH, so the UE should monitor sPDCCH if the UE has recently been scheduled on sPDCCH.

However, at some point during the transmission of a burst, slow start ends and it is better to schedule using normal PDCCH due to control overhead (as identified during the Study Item-phase). The eNB should then be allowed to switch to normal PDCCH, so it would be beneficial if the UE monitors also the normal PDCCH even if the UE so far (in this burst) has been scheduled with sPDCCH. But, since slow start has ended there is no point that the UE monitors sPDCCH anymore during this burst. Or in other words, just because the UE is scheduled using PDCCH it should not force the UE to monitor sPDCCH.

To summarize:

· When in onDuration, the UE monitors both sPDCCH and PDCCH.

· As an enhancement it could be considered that the UE only monitors N number of sPDCCHs in onDuration

· When scheduled on sPDCCH, the UE should continue monitoring sPDCCH, but also monitor the legacy PDCCH.

· When scheduled on legacy PDCCH, the UE should continue monitoring PDCCH, but not be forced to monitor sPDCCH.

Proposal 3: Agree on the desired behavior for DRX together with short TTI described above.
2.3.2 DRX timers
Below the current DRX timers are analysed.
drx-InactivityTimer: Probably does not need scaling since it already provides a granularity of down to one subframe.
shortDRX-cycle: The current lowest values of shortDRX-cycle are 2, 5, 8 and 10 ms. The minimum value of 2 ms is designed for 1 ms TTI operation. Depending on the solution chosen the timer would need new values or a new timer for an ultra-short DRX would need to be introduced. 
onDurationTimer: The onDurationTimer granularity is PDCCH subframes. Depending on the solution chosen the timer would need new values or a new timer for an ultra-short DRX would be introduced with a symbol level granularity. 
longDRX-cycle: The current starting range is 10, 20, 32 and 40 ms. Long DRX-cycle would probably not be affected by short TTI, so no changes are required to longDRX-cycle. 
drx-RetransmissionTimer:  Defines the length of an additional ‘on’ period when a downlink retransmission is expected. This would prevent the UE from missing a retransmission after entering the DRX mode. It is started when the HARQ RTT Timer expires and problems with decoding the downlink transmission have been detected. The impact on this timer can be analyzed when a DRX solution has been chosen.  

drx-ULRetransmissionTimer:  Defines the length of an additional ‘on’ period when an uplink retransmission can take place. It is started when the UL HARQ RTT Timer expires and an uplink retransmission has been requested. The impact on this timer can be analyzed when a DRX solution has been chosen.
Proposal 4: Depending on the option chosen for DRX, consider relevant changes to the DRX timers.
3 Summary
RAN2 is kindly asked to discuss the following proposal and observations:
Proposal 1: Evaluate DRX and make relevant adjustments for short TTI.

Proposal 2: Send a reply LS to RAN1 saying that RAN2 is updating the L2 power saving mechanism for short TTI.
Observation 1: A UE is required to continue monitoring sPDCCH after a switch to 1ms TTI even though the scheduler is not expected to use short TTI for a long time. 
Proposal 3: Agree on the desired behavior for DRX together with short TTI described above.
Proposal 4: Depending on the option chosen for DRX, consider relevant changes to the DRX timers.
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5 Appendix

Below some possible solutions for DRX together with short TTI are shown. 
5.1.1 A new ultra-short DRX controls sPDCCH monitoring, legacy DRX controls PDCCH monitoring.

One possibility could be to use an ultra-short TTI DRX configuration which can be configured in addition to the legacy DRX pattern via RRC and be activated/deactivated via a MAC CE. The ultra-short TTI DRX configuration could be activated after the switch from short TTI to 1ms TTI and could contain an on/off pattern like legacy DRX, but with a granularity of symbol level TTI as shown in figure 1 below. The ultra-short TTI DRX would support the UE to skip reading some sPDCCH based on the configuration. It would be used when the on-duration or inactivity timer is running, during which time the UE normally monitors PDCCH.  
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5.1.2 Use the current short DRX to control both PDCCH and sPDCCH monitoring

Another possibility would be to let the current DRX cycles control both PDCCH and sPDCCH monitoring. It means that when monitoring of sPDCCH is turned off, the monitoring of PDCCH is also turned off. Thus, this DRX extension would not enable scheduling data on 1ms TTI after switching from sTTI to 1ms TTI scheduling. That is not the desired behaviour and such a solution should not be chosen. As mentioned in section 2.3, after the TCP slowstart the eNB will schedule a MBB UE from sTTI to 1ms TTI to reduce control overhead. If the current DRX cycles would control both PDCCH and sPDCCH monitoring, switching off the sPDCCH monitoring will induce the switching off of PDCCH monitoring. Thus, this will remove the possibility for the eNB to schedule 1ms TTI. 

To be able to achieve power saving by switching off sPDCCH monitoring and to schedule data on 1ms TTI at the same time, the DRX extension for sTTI should only control sPDCCH monitoring and not impact PDCCH monitoring.

5.1.3 Use the current short DRX to control sPDCCH monitoring

A third possibility is to let the current short DRX control only sPDCCH monitoring when short TTI is configured. PDCCH would always be monitored when the short DRX is active. Symbol level granularity of the shortDRX-cycle would need to be introduced. The difference compared to the first option above is that the possibility to have both short and long DRX cycles for PDCCH monitoring is removed. 
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