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1. Introduction

In LTE, DRX retransmission handling for FDD and TDD are quite similar but there are some little differences. In this document, we use the difference to improve DRX retransmission for TDD.
2. Discussion 
In 36.213-v880, for TDD, the value of DAI is used to denote the accumulative number of PDCCH(s) and according to DAI, UE can detect that at least one downlink assignment has been missed.
	7.3
UE procedure for reporting ACK/NACK

For FDD, […]
For TDD UL-DL configurations 1-6, the value of the DAI in DCI format 1/1A/1B/1D/2/2A denotes the accumulative number of PDCCH(s) with assigned PDSCH transmission(s) and PDCCH indicating downlink SPS release up to the present subframe within subframe(s) 
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 as the value of the DAI in PDCCH with DCI format 1/1A/1B/1D/2/2A detected by the UE according to Table 7.3-X in subframe
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 (defined in Table 10.1-1) such that the UE detects a DCI format 1/1A/1B/1D/2/2A. Denote
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 as the total number of PDCCH(s) with assigned PDSCH transmission(s) and PDCCH indicating downlink SPS release detected by the UE within the subframe(s) 
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, which can be zero or one, as the number of PDSCH transmissions without a corresponding PDCCH within the subframe(s) 
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[…]
· For the case that the UE is not transmitting on PUSCH in subframe n and TDD UL-DL configurations 1-6, if  
[image: image13.wmf]0

>

DAI

U

 and 
[image: image14.wmf](

)

1

4

mod

1

+

-

¹

DAI

DL

DAI

U

V

, the UE detects that at least one downlink assignment has been missed.
[…]


In MAC spec, for TDD, it is specified that HARQ RTT timer is set to k+4 subframes, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback, as indicated in Table 10.1-1 of [2] (i.e. 36.213). And it is known that for TDD, more than one DL assignments received at different timings could be acknowledged in the same UL subframe. 
Please refer to Fig. 1. The value k of DL assignment A and B are 6 and 5 respectively and the timings of sending acknowledgements of A and B are the same. Assumed that the PDCCH of A is not detected by UE and the PDCCH and the PDSCH of B are both decoded successfully. In this case, only HARQ RTT Timer of B is started and after its expiry drx-RetransmissionTimer is not started due to successfully decoded B then UE would go to sleep even if UE has detected something missing by physical layer. Then retransmission of A is missing.
But thanks to have the DAI in DCI format so that UE is able to detect that at least one downlink assignment has been missed in physical layer even if the PDCCH corresponding to the downlink assignment is not detected. So it is proposed 

Proposal:  For TDD, if a HARQ RTT Timer expires in this subframe and at least one downlink assignment has been detected as missed, start the drx-RetransmissionTimer for the corresponding HARQ process.
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Fig. 1: Problem
3. Conclusion
In this document, we discuss the DRX retransmission missing for TDD and have one proposal as below.
Proposal :  For TDD, if a HARQ RTT Timer expires in this subframe and at least one downlink assignment has been detected as missed, start the drx-RetransmissionTimer for the corresponding HARQ process.
The text proposal is attached below.
Text proposal 

5.7
Discontinuous Reception (DRX)

The UE may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring activity for the UE’s C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI and Semi-Persistent Scheduling C-RNTI (if configured). When in RRC_CONNECTED, if DRX is configured, the UE is allowed to monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the UE monitors the PDCCH continuously. When using DRX operation, the UE 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 UE has not been received after successful reception of a Random Access Response for the preamble not selected by the UE (as described in subclause 5.1.4).

When DRX is configured, the UE shall for each subframe:

-
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.

-
if a HARQ RTT Timer expires in this subframe and the data in the soft buffer of the corresponding HARQ process was not successfully decoded: or
- 
for TDD, if a HARQ RTT Timer expires in this subframe and at least one downlink assignment has been detected as missed:
-
start the drx-RetransmissionTimer for the corresponding HARQ process.

-
if a 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.

-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation 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 or UL):

-
start or restart drx-InactivityTimer.

-
when not in Active Time, SRS shall not be reported.
-
if cqi-Mask is set to true: 

-
when onDurationTimer is not running, CQI/PMI/RI on PUCCH shall not be reported.

-
else:

-
when not in Active Time, CQI/PMI/RI on PUCCH shall not be reported.

Regardless of whether the UE is monitoring PDCCH or not the UE receives and transmits HARQ feedback when such is expected.
NOTE:
A UE may optionally choose to not send CQI/PMI/RI reports on PUCCH and/or SRS transmissions for up to 4 subframes following a PDCCH indicating a new transmission (UL or DL) received in the last subframe of active time. The choice not to send CQI/PMI/RI reports on PUCCH and/or SRS transmissions is not applicable for subframes where onDurationTimer is running.
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