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1
Introduction
In RAN2#97bis meeting, the following agreements regarding DRX were achieved [1]:
	Agreements on DRX

1.   The unit for drx-RetransmissionTimer, drx-ULRetransmissionTimer counting is same as the HARQ RTT time expiry that starts the retransmission time, i.e. depending on the TTI length of the TB that is under retransmission.

2.    Legacy DRX Cycle and drxShortCycleTimer are in number of subframes regardless of which TTI length is used. 

3.   Legacy onDurationTimer and drx-InactivityTimer counts number of PDCCH-subframes regardless of which TTI length is used. 
4.   Whether additional enhancements for sPDCCH monitoring are needed is FFS.   Whether additional timers for sPDCCH enhancements is need is FFS. 



There are still left FFS on whether additional enhancements for sPDCCH monitoring are needed. This contribution provides discussion on the left open issue and illustrates the feasibility of possible solutions realized in high layer to optimize the DRX mechanism for different TTIs.
2
Discussion
2.1
PDCCH/sPDDCH Monitoring
DRX is used to save power of monitoring PDCCH in legacy LTE, with the UE only monitoring PDCCH during DRX Active Time. Then for sTTI, the UE needs to monitor both PDCCH and sPDCCH during DRX Active Time if no optimization is applied. 
Observation 1: The UE should monitor both PDCCH and sPDCCH during Active Time, if sTTI is applied.
The UE needs monitor additional sPDCCH occasion in sTTI comparing with only monitoring PDCCH in legacy LTE, which consumes more power. The DRX procedure is illustrated in Figure 2.1-1.
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Figure 2.1-1 DRX procedure when sTTI is used

Observation 2: The UE should spend more power consumption on monitoring scheduling information in sTTI.
2.2
MAC/RRC signalling for DRX Optimization for sTTI
There are two possible options for DRX optimization for sTTI in RAN2:
1: sTTI monitoring indication mechanism
In this option, the specific sTTI occasion the UE should monitor can be signalled via RRC signalling or MAC CE. The signalling may be in format of bitmap. For example, for 2OS, the bitmap for one subframe can be 100100, and ‘1’ indicates that the UE should monitor the sPDCCH, while ‘0’ means the UE may not.
2: Timer/counter mechanism

In this option, one timer or counter may be defined and the maximum value can be configured by RRC signalling. At the beginning of the UE monitoring PDCCH, the timer or counter will be started simultaneously. The UE stops sPDCCH monitoring when the timer is expired or the counter reaches the maximum value.
As there may be the conflict between the traffic pattern and the DRX pattern, these two options are not flexible.
2.3 L1 signalling for DRX Optimization for sTTI
As mentioned in RAN1 LS [2], it was discussed in RAN1 that activation/deactivation method could be applied for power saving. In this method, sDCI2 including activation/deactivation indicates on which sTTI(s) the UE should perform the sPDCCH monitoring or not. Although how to activate/deactivate sPDCCH monitoring can be discussed further in RAN1 and there may be several options, it is helpful to show some straight forward options to help us understand the benefits of the method on power consumption. Therefore we list the following potential options.
Option 1: sPDCCH monitoring pattern changes every legacy TTI
In this option, the sPDCCH monitoring pattern of sTTI can be modified every legacy TTI. This is flexible and helpful especially when the downlink service burst is not regular. Figure 2.2-1 shows activation/deactivation method with sPDCCH monitoring pattern change.

[image: image2.emf]On Duration Opportunity for DRX On Duration

PDCCH

sPDCCH on

Opportunity for DRX

t

sPDCCH off

sPDCCH monitor pattern

sPDCCH monitor pattern


Figure 2.2-1 sPDCCH monitoring pattern changes every legacy TTI

Option 2: sPDCCH monitoring pattern keeps for N DRX cycles
In this option, the eNB will not send the sPDCCH monitoring pattern in every PDCCH occasion and the pattern keeps for N DRX cycles. Then DCI indication is saved compared with Option 1.
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Figure 2.2-2 sPDCCH monitoring pattern keeps for N DRX cycles

Option 3: sTTI DRX pattern unchanged in one subframe

In this option, the eNB sends one bit to indicate sPDCCH monitoring pattern in the sbuframe is all ‘0’ or all ‘1’ which is shown in Figure 2.2-3
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Figure 2.2-3 sPDCCH monitoring pattern unchanged in one subrame
In this option, only one bit is used in the DCI. If ‘0’ is indicated in the DCI, all the sTTI duration within the subframe will be sPDCCH off. Hence, the UE does not need monitor the sPDCCH. Otherwise, the UE will monitor the sPDCCH for the whole subframe. Since the pattern is included in sDCI2, L1 can control the UE monitoring sPDCCH more flexibly and timely than L2-based solutions.
2.4
MAC/RRC vs. L1 signalling for DRX Optimization for sTTI
Latency
Compared to MAC activation, L1 activation provides shorter control delay.Assuming average 10% retransmission for HARQ procedure, achieving 1-10-3 MAC control reliability require at most 3 HARQ transmission/retransmission, and the average delay can be calculated as 1*0.9+(1+8)*0.1*0.9+(1+8+8)*0.1*0.1*0.9=1.863 ms. With the worst case (i.e,. 3 HARQ transmission/retransmission) the delay is 17 ms. With a 100 Mbps burst arrival rate, 218 Kbytes buffer will be filled up within 17ms if there is no resource available for data transmission.  For a service of high latency requirement, the latency cannot be ignored.
Flexibility
For L1 signalling, especially in option 3, the UE can save power via skipping all of sPDCCH monitoring easily.Since the pattern is included in sDCI2, L1 can control the UE monitoring sPDCCH more flexibly and timely than L2-based solutions

Observation 3: L1-based solution can control the UE monitoring sPDCCH more flexibly and timely than L2-based solutions.
Based on the above illustration, we think L1 based method can be flexible and timely. RAN2 can send reply LS to RAN1 to progress them further study on the L1 based method. 
Proposal 1: it is beneficial to progress the DRX study if RAN2 sends reply LS to inform RAN1 that RAN2 has no optimization on sTTI DRX.
3
Conclusions

In this document, we provide considerations on the power saving of DRX in sTTI, and we have the following proposals:
Observation 1: The UE should monitor both PDCCH and sPDCCH during Active Time.
Observation 2: The UE should spend more power consumption on monitoring scheduling information in sTTI.
Observation 3: L1-based solution can control the UE monitoring sPDCCH more flexibly and timely than L2-based solutions.
Proposal 1: it is beneficial to progress the DRX study if RAN2 sends reply LS to inform RAN1 that RAN2 has no optimization on sTTI DRX.
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