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1
Introduction
In RAN2#97 meeting, the following agreements were achieved [1]:
	-  Common DRX configuration per MAC entity is applied.  Enhancements for sTTI sPDCCH monitoring can be considered.  


And RAN1 has sent a LS in R1-1703579 [2] as follows:

	RAN1 has discussed the sPDCCH monitoring for sTTI operation and potential UE power saving if the UE turns on/off sPDCCH monitoring. RAN1 discussed possible additional L1 control signalling and has not yet made any conclusion on the support for an additional L1 mechanism.

RAN1 would like to inform RAN2 to take the above into consideration and would like to request RAN2 to provide feedback on any RAN2 views on the L2 based mechanism related to UE power saving related to sTTI.


In this document, DRX mechanism for different TTIs is discussed.
2
Discussion
2.1
PDCCH/sPDCCH monitoring
When sTTI is used, there are multiple PDCCH/sPDCCH occasions during one subframe. RAN1 has achieved the following agreements [3]:

	· If the UE is indicating the capability of decoding PDSCH and sPDSCH assigned with C-RNTI/SPS C-RNTI in the same subframe for a given carrier

· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH/EPDCCH for PDSCH and PDCCH/sPDCCH for sPDSCH in the same subframe for a given carrier, the UE should decode the PDSCH in addition to sPDSCH

· UE shall provide HARQ-ACK feedback for both PDSCH and sPDSCH

· No special consideration is specified for overlapping of sPDSCH and PDSCH

· Otherwise
· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH/EPDCCH for PDSCH and PDCCH/sPDCCH for sPDSCH in the same subframe for a given carrier, the UE should decode the sPDSCH and is not required to decode PDSCH

· UE shall provide HARQ-ACK feedback for both PDSCH and sPDSCH


No matter whether the DRX has the capability of decoding PDSCH and sPDSCH in the same subframe, the UE needs to monitor both PDCCH and sPDCCH to detect valid DL assignments.
DRX is used to save power of monitoring PDCCH in legacy LTE, and the UE monitoring PDCCH during DRX Active Time to obtain scheduling information. For sTTI, the UE needs to monitor both PDCCH and sPDCCH during DRX Active Time. 
Proposal 1: The UE should monitor both PDCCH and sPDCCH during Active Time.

The UE needs monitor additional sPDCCH occasion comparing with only monitoring PDCCH in legacy LTE, which consumes more power on monitoring scheduling in sTTI. 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 1: More power is consumed on monitoring scheduling information in sTTI.
Proposal 2: Optimization should be introduced for DRX to save power consumption when sTTI is used.
2.2
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 we think 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.
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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 the subframe will be sPDCCH off, the UE does not monitor the sPDCCH. Otherwise, the UE will monitor the sPDCCH for the whole subframe. In this option, the UE can save power skip all of sPDCCH monitoring easily.

Since the pattern is included in sDCI2, L1 can control the UE monitoring sPDCCH more flexibly than L2.

Observation 2: L1 based DRX optimization (i.e., the activation/deactivation method) can save power flexibly for different TTIs.
Until now RAN2 has not discussed L2 based optimization for power saving for sTTI instead of focusing on the adaptation of the existing DRX timers. Since RAN1 has indicated L1 based method can save power consumption in sTTI, we think there is no reason to let RAN1 wait for RAN2. And according to the above discussion, we think L1 based method can be flexible. RAN2 should send reply LS to RAN1 to let them further study the L1 based method. RAN2 can discuss whether further power saving method is needed from L2 perspective based on L1 method.
Proposal 3: RAN2 sends reply LS to inform RAN1 that RAN2 has no conclusion on any L2 based method and may further discuss L2 based method as completion/enhancement on L1 based method.
2.3 DRX Timers
The minimum value of shortDRX cycle is 2 subframes in the current specification and this timer controls the UE wakes up how often. Shorter value might be useful for emergency downlink traffic. However the UE has to wake up frequently to monitor PDCCH. Therefore we think there is no need to change DRX cycle for sTTI.

Proposal 4: No change for shortDRX cycle is needed in sTTI.
The minimum value of drx-InactivityTimer and onDurationTimer is one subframe, and these two timers are per MAC entity. The short TTI length granularity can add flexibility and may save more power. However, the UE shall wake up before the DRX on and sleep later for RF retuning reason. The RF retuning time is the same as that in legacy TTI while the DRX active time is shortened when drx-InactivityTimer and onDurationTimer use symbol level values or shorter values. The power saving gain is not great as expected. Symbol level values or shorter values for drx-InactivityTimer and onDurationTimer does not bring significant benefits compared with the complexity.

Proposal 5: The drx-InactivityTimer and onDurationTimer reuse current granularity and values in sTTI.
Retransmission Timers, i.e. drx-RetransmissionTimer and drx-ULRetransmissionTimer are used to indicate the UE to monitor the PDCCH when they expire, and they are per HARQ process and configured in PDCCH subframe. In legacy, one PDCCH subframe offers one PDCCH occasion. In sTTI, the time duration between the new transmission and retransmission is changed and it is related to TTI length. However the number of symbols is different for each sTTI (i.e. 2 symbols or 3 symbols in 2OS TTI), sPDCCH occasion can be used as granularity for simplicity. In this way common values of DRX parameters can be configured and the UE uses different granularity in different TTIs. 
Proposal 6: The sPDCCH occasion is used for drx-RetransmissionTimer and drx-ULRetransmissionTimer in sTTI.
As discussed in Section 2.1, when sTTI is applied, the UE shall monitor both PDCCH and sPDCCH in each subframe. So the beginning of one DRX cycle still should be subframe aligned to avoid the UE missing PDCCH.
Proposal 7: The beginning of the DRX cycle should be subframe aligned.
3
Conclusions

In this document, we provide considerations on the power saving of DRX in sTTI, and we have the following proposals:
Proposal 1: The UE should monitor both PDCCH and sPDCCH during Active Time.

Observation 1: More power is consumed on monitoring scheduling information in sTTI.
Proposal 2: Optimization should be introduced for DRX to save power consumption when sTTI is used.

Observation 2: L1 based DRX optimization (i.e., the activation/deactivation method) can save power flexibly for different TTIs.

Proposal 3: RAN2 sends reply LS to inform RAN1 that RAN2 has no conclusion on any L2 based method and may further discuss L2 based method as completion/enhancement on L1 based method.

Proposal 4: No change for shortDRX cycle is needed in sTTI.
Proposal 5: The drx-InactivityTimer and onDurationTimer reuse current granularity and values in sTTI.
Proposal 6: The sPDCCH occasion is used for drx-RetransmissionTimer and drx-ULRetransmissionTimer in sTTI.
Proposal 7: The beginning of the DRX cycle should be subframe aligned.
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