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1. Introduction
In RAN2#91 meeting, the following agreement was reached.
	Agreements
2
A shorter SPS interval (1 TTI) should be supported


In this paper, we analyze the impact on DRX by introducing shorter SPS interval in detail.
2. Discussion
· Background
Whether a UE can process the configured UL SPS resource outside of the DRX active time? This issue has been discussed several times [1][2][3], and the common understanding is a smart eNB can align the SPS resource and DRX on duration by implementation.
Observation1: Currently eNB is responsible for the alignment of the SPS resource and DRX on duration by implementation.
· Shorter SPS interval
With shorter SPS interval introduction, according to Observation 1, due to the SPS resource allocated for every TTI, DRX mechanism would be disable. But in case of skipping UL transmission, UE will not perform UL transmission in all SPS occasions. Hence, with shorter SPS interval, UE always stays in DRX-on state but does not perform UL transmission, it is not good for UE power saving. 

Observation 2: If skipping UL transmission is configured, in case of SPS with shorter interval activation, UE always staying in DRX-on state is not good for UE power saving. 
Hence, we should allow UE enter DRX-off state in a subframe allocated with UL SPS resource. 
And according to the DRX description in current MAC spec, the possible procedure can be illustrated in Figure 1.
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Figure 1 SPS resource not aligned with the DRX on duration
In the figure, a UE is configured with DRX and UL SPS resource simultaneously. The DRX cycle is 5 TTI and on duration is 1 TTI, while the UL SPS resource interval is 1 TTI. When UL data arrives, the UE when transmits the data in the next TTI (in green color). After the transmission, the UE needs to wake up one the TTI(in blue color) for possible retransmission besides the configured DRX on duration(in orange color). And eNB can request UE to perform the new transmission or retransmission in the blue TTI. If it is the new transmission, inactivity timer will be started and active time will be extended.   
Hence, there is no limitation in spec to force eNB to only allocate UL SPS resource in DRX-on state. And we think current MAC spec has support the configured SPS resource outside of the DRX-on state, and no spec work is needed. 
Observation 3: In current MAC spec, it is allowed that configured UL SPS resource outside of DRX active time. 

Based on the observation 2 and 3, we propose:
Proposal: Confirm that UL SPS resource can be configured outside of DRX active time. 
3. Conclusion
In this paper, we analyze the impact on DRX by introducing shorter SPS interval in detail. And the following proposal is given. 

Proposal: Confirm that UL SPS resource can be configured outside of DRX active time. 
4. Reference

[1] RAN2#65  R2-091481   Consideration of DRX and SPS Alignment     RIM Disc
[2] RAN2#81  R2-130275   SPS and DRX alignment    Qualcomm Incorporated     Disc    

[3] RAN2#81bis R2-131173    DRX and DL SPS Renesas Mobile Europe Ltd     Disc 
5. Annex
MAC spec
	5.7
Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring activity for the MAC entity’s C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, Semi-Persistent Scheduling C-RNTI (if configured), eIMTA-RNTI (if configured) and SL-RNTI (if configured). When in RRC_CONNECTED, if DRX is configured, the MAC entity is allowed to monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity monitors the PDCCH continuously. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other subclauses of this specification. RRC controls DRX operation by configuring the timers onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer (one per DL HARQ process except for the broadcast process), the longDRX-Cycle, the value of the drxStartOffset and optionally the drxShortCycleTimer and shortDRX-Cycle. A HARQ RTT timer per DL HARQ process (except for the broadcast process) is also defined (see subclause 7.7).

When a DRX cycle is configured, the Active Time includes the time while: 

-
onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or mac-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

-
an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer; or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the preamble not selected by the MAC entity (as described in subclause 5.1.4).

When DRX is configured, the MAC entity shall for each subframe:

-
if a HARQ RTT Timer expires in this subframe and the data of the corresponding HARQ process was not successfully decoded:

-
start the drx-RetransmissionTimer for the corresponding HARQ process.

-
if a DRX Command MAC control element or a Long DRX Command MAC control element is received:

-
stop onDurationTimer;

-
stop drx-InactivityTimer.

-
if drx-InactivityTimer expires or a DRX Command MAC control element is received in this subframe:

-
if the Short DRX cycle is configured:

-
start or restart drxShortCycleTimer;

-
use the Short DRX Cycle.

-
else:

-
use the Long DRX cycle.

-
if drxShortCycleTimer  expires in this subframe:

-
use the Long DRX cycle.

-
if a Long DRX Command MAC control element is received:

-
stop drxShortCycleTimer;

use the Long DRX cycle.
-
If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle); or

-
if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:

-
start onDurationTimer.

-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation, if the subframe is not a half-duplex guard subframe [7] and if the subframe is not part of a configured measurement gap; or
-
during the Active Time, for a subframe other than a PDCCH-subframe and for a UE capable of simultaneous reception and transmission in the aggregated cells, if the subframe is a downlink subframe indicated by a valid eIMTA L1 signalling for at least one serving cell not configured with schedulingCellId [8] and if the subframe is not part of a configured measurement gap; or

-
during the Active Time, for a subframe other than a PDCCH-subframe and for a UE not capable of simultaneous reception and transmission in the aggregated cells, if the subframe is a downlink subframe indicated by a valid eIMTA L1 signalling for the SpCell and if the subframe is not part of a configured measurement gap:

-
monitor the PDCCH;

-
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
start the HARQ RTT Timer for the corresponding HARQ process;

-
stop the drx-RetransmissionTimer for the corresponding HARQ process.

-
if the PDCCH indicates a new transmission (DL, UL or SL):

-
start or restart drx-InactivityTimer.

-
in current subframe n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, type-0-triggered SRS [2] shall not be reported.

-
if CQI masking (cqi-Mask) is setup by upper layers:

-
in current subframe n, if onDurationTimer would not be running considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI on PUCCH shall not be reported.

-
else:

-
in current subframe n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI on PUCCH shall not be reported.

Regardless of whether the MAC entity is monitoring PDCCH or not, the MAC entity receives and transmits HARQ feedback and transmits type-1-triggered SRS [2] when such is expected.

NOTE:
The same Active Time applies to all activated serving cell(s).
NOTE:
In case of downlink spatial multiplexing, if a TB is received while the HARQ RTT Timer is running and the previous transmission of the same TB was received at least N subframes before the current subframe (where N corresponds to the HARQ RTT Timer), the MAC entity should process it and restart the HARQ RTT Timer.
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