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1
Introduction 
According to the agreement till now, for the time being, we stick to the DRX solution but we will further evaluate the gap pattern. And sticking to DRX we should consider enhancements to make the DRX based TDM solution to be used in a predictable way.
In this contribution, we discuss some enhancement to make the DRX based TDM solution predictable. The corresponding changes to specify the enhancement in the MAC specification 36.321 are illustrated in the Annex.
2
Discussion
2.1 DRX active time definition  

At RAN2#77, a set of additional DRX parameter values are agreed to be introduced to make the DRX solution work in a predictable way, e.g. value 0 for drx-InactivityTimer and drx-RetransmissionTimer. However, according to the active time definition in [1], the DRX based TDM solution remains unpredictable due to the fact that the pending SR, the UL pending HARQ retransmission and the waiting for new DL data after the PDCCH ordered RACH procedure will expand the active time and thus make the unscheduled period unguaranteed. 
For the pending SR issue, as we discussed in [2], it may be resolved by smart eNB scheduling, e.g. the eNB could send a MAC CE to stop the onDurationTimer ahead its expiration. However, MAC Command is not a reliable mechanism since message can be lost or delayed due to link error. 
For the UL pending HARQ retransmission issue, it may be resolved by smart eNB scheduling and proper DRX parameter setting, e.g. the eNB makes scheduling only during the first Nms
 of onDurationTimer and restricts the number of maximum HARQ transmissions [3]. However, this can lead to very inefficient LTE resource usage and impact link performance.
For the waiting for new DL data after the PDCCH ordered RACH procedure issue, as we know, among the four usage scenarios [3] discussed in SI study, LTE radio acts as a backhaul link/router of the service in the most two significant usage scenarios, i.e. LTE with BT and LTE with WiFi portable router. In these two scenarios, the DL LTE data should be routed to the ISM device in the end. If the UE keeps waiting the new DL data from the eNB and thus the scheduling time of the ISM device is not ensured, this DL data will be blocked at the ISM radio anyway. Thus, it has no benefit to wait for new DL data after the expiration of onDurationTimer.
Based on the analysis above, we believe that the simplest way to make the DRX based TDM solution predictable is to define that if the DRX mechanism is used for IDC then the active time only includes the time while onDurationTimer is running. And to make this working, some corresponding enhancement should be introduced in the SR sending procedure and the UL HARQ behaviour. In the SR sending procedure, it should be noted that if the DRX mechanism is used for IDC and the onDurationTimer has expired, the SR signalling on PUCCH and SR triggered random access should be delayed to the next DRX. And to prevent non-adaptive retransmissions during the unscheduled period, the similar UL HARQ behaviour during measurement gap could be adopted, i.e. prohibit the UL retransmission and set the HARQ_FEEDBACK to ACK at the time of the HARQ feedback reception if DRX is used for IDC and the onDurationTimer has expired.
Proposal1: Define that the active time only includes the time while onDurationTimer is running if the DRX mechanism is used for IDC. 
2.2 RACH procedure vs DRX  

It has been agreed and captured in [3] that during inactive time UE is allowed to delay RACH procedure. However considering that the RACH procedure is a significant procedure in LTE, we analyse the 5 RACH events listed below case by case.

	· RRC Connection Re-establishment procedure;

· Handover;

· UL data arrival during RRC_CONNECTED requiring random access procedure, e.g. UL non-synchronised;

· DL data arrival during RRC_CONNECTED requiring random access procedure, e.g. UL non-synchronised;

· For positioning purpose during RRC_CONNECTED requiring random access procedure;


For the last two events, it is reasonable that the eNB could delay initiating the RACH procedure during the inactive time or if the eNB foresees that the RACH procedure could not be finished before the ending of on duration to make the DRX predictable.
Handover and RRC Connection Re-establishment are two significant procedures to keep LTE connection alive. Besides, among the four usage scenarios [3] discussed in SI study, LTE radio acts as a backhaul link/router of the service in the most two significant usage scenarios, i.e. LTE with BT and LTE with WiFi portable router. If the connection in the LTE side fails, the service is dropped too. So for the handover/ RRC Connection Re-establishment triggered RACH, it is not reasonable to leave it to be delayed or failed. That is, to handover or to re-establish the RRC connection as soon as possible, the corresponding RACH procedure should be initiated and processed regardless of the DRX.

For the UE initiated UL data arrival in the UL non-synchronised case, considering that the UL un-sync status due to the real UL link issue (e.g. UL coverage problem) is quite rare thus the impact of the RACH procedure is very limited, we have not see the strong needs or benefit to introduce any additional behaviour other than the handling of handover/ RRC Connection Re-establishment triggered RACH procedure.
Based on the analysis above, we believe that the RACH procedure should be initiated and processed regardless of the DRX. 
Proposal2: The RACH procedure should be initiated and processed regardless of the DRX. 
3
Conclusion 
In this contribution, we discuss some enhancement to make the DRX based TDM solution predictable.
Proposal1: Define that the active time only includes the time while onDurationTimer is running if the DRX mechanism is used for IDC.
Proposal2: The RACH procedure should be initiated and processed regardless of the DRX.
If the above proposals are adopted, the draft CR is provided in Annex.
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Annex
The draft CR is given based on 36.321 v10.4.0. 
============================First modification begins=============================
5.4.2.2
HARQ process

Each HARQ process is associated with a HARQ buffer.

Each HARQ process shall maintain a state variable CURRENT_TX_NB, which indicates the number of transmissions that have taken place for the MAC PDU currently in the buffer, and a state variable HARQ_FEEDBACK, which indicates the HARQ feedback for the MAC PDU currently in the buffer. When the HARQ process is established, CURRENT_TX_NB shall be initialized to 0.

The sequence of redundancy versions is 0, 2, 3, 1. The variable CURRENT_IRV is an index into the sequence of redundancy versions. This variable is up-dated modulo 4.

New transmissions are performed on the resource and with the MCS indicated on PDCCH or Random Access Response. Adaptive retransmissions are performed on the resource and, if provided, with the MCS indicated on PDCCH. Non-adaptive retransmission is performed on the same resource and with the same MCS as was used for the last made transmission attempt.

The UE is configured with a Maximum number of HARQ transmissions and a Maximum number of Msg3 HARQ transmissions by RRC: maxHARQ-Tx and maxHARQ-Msg3Tx respectively. For transmissions on all HARQ processes and all logical channels except for transmission of a MAC PDU stored in the Msg3 buffer, the maximum number of transmissions shall be set to maxHARQ-Tx. For transmission of a MAC PDU stored in the Msg3 buffer, the maximum number of transmissions shall be set to maxHARQ-Msg3Tx.

When the HARQ feedback is received for this TB, the HARQ process shall:

-
set HARQ_FEEDBACK to the received value.

If the HARQ entity requests a new transmission, the HARQ process shall:

-
set CURRENT_TX_NB to 0; 

-
set CURRENT_IRV to 0;

-
store the MAC PDU in the associated HARQ buffer;

-
store the uplink grant received from the HARQ entity;

-
set HARQ_FEEDBACK to NACK;

-
generate a transmission as described below.

If the HARQ entity requests a retransmission, the HARQ process shall:

-
increment CURRENT_TX_NB by 1;

-
if the HARQ entity requests an adaptive retransmission:

-
store the uplink grant received from the HARQ entity;

-
set CURRENT_IRV to the index corresponding to the redundancy version value provided in the HARQ information;

-
set HARQ_FEEDBACK to NACK;

-
generate a transmission as described below.

-
else if the HARQ entity requests a non-adaptive retransmission:

-
if HARQ_FEEDBACK = NACK:

-
generate a transmission as described below.

NOTE:
When receiving a HARQ ACK alone, the UE keeps the data in the HARQ buffer.

NOTE:
When no UL-SCH transmission can be made due to the occurrence of a measurement gap, no HARQ feedback can be received and a non-adaptive retransmission follows.
NOTE:      When no UL-SCH transmission can be made due to the condition that DRX is configured for IDC and the onDurationTimer has expired, no HARQ feedback can be received and a non-adaptive retransmission follows.
To generate a transmission, the HARQ process shall:

-
if the MAC PDU was obtained from the Msg3 buffer; or

-
if there is neither measurement gap nor the condition that DRX is configured for IDC and the onDurationTimer has expired at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer in this TTI:

-
instruct the physical layer to generate a transmission according to the stored uplink grant with the redundancy version corresponding to the CURRENT_IRV value;

-
increment CURRENT_IRV by 1;

-
if there is either a measurement gap or DRX is configured for IDC and the onDurationTimer has expired at the time of the HARQ feedback reception for this transmission and if the MAC PDU was not obtained from the Msg3 buffer:

-
set HARQ_FEEDBACK to ACK at the time of the HARQ feedback reception for this transmission.
After performing above actions, the HARQ process then shall:

-
if CURRENT_TX_NB = maximum number of transmissions – 1:

-
flush the HARQ buffer;
============================First modification ends=============================
============================Second modification begins=============================
5.4.4
Scheduling Request 

The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission.

When an SR is triggered, it shall be considered as pending until it is cancelled. All pending SR(s) shall be cancelled and sr-ProhibitTimer shall be stopped when a MAC PDU is assembled and this PDU includes a BSR which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5), or when the UL grant(s) can accommodate all pending data available for transmission.

If an SR is triggered and there is no other SR pending, the UE shall set the SR_COUNTER to 0.

As long as one SR is pending, the UE shall for each TTI:

-
if no UL-SCH resources are available for a transmission in this TTI:

-
if the UE has no valid PUCCH resource for SR configured in any TTI: initiate a Random Access procedure (see subclause 5.1) and cancel all pending SRs;

-
else if the UE has a valid PUCCH resource for SR configured for this TTI and if this TTI is not part of a  measurement gap and if sr-ProhibitTimer is not running:

-
if SR_COUNTER < dsr-TransMax:

-
increment SR_COUNTER by 1;

-
instruct the physical layer to signal the SR on PUCCH;

-
start the sr-ProhibitTimer.

-
else:

-
notify RRC to release PUCCH/SRS;

-
clear any configured downlink assignments and uplink grants;

-
initiate a Random Access procedure (see subclause 5.1) and cancel all pending SRs.

Note: If DRX is configured for IDC and the onDurationTimer has expired, the instruction of the SR signalling on PUCCH and SR triggered random access should be delayed until the next active time.
============================ Second modification ends=============================
============================ Third modification begins=============================
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:
· If DRX is configured for IDC, the Active Time includes the time while onDurationTimer  is  running.

-       else, 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 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 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 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 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, type-0-triggered SRS [2] shall not be reported.

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

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

-
else:

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

If DRX is not configured for IDC, then regardless of whether the UE is monitoring PDCCH or not, the UE receives and transmits HARQ feedback and transmits type-1-triggered SRS [2] when such is expected. If DRX is configured for IDC, then UE does not receive HARQ feedback when onDurationTimer is not running and instead sets the HARQ_FEEDBACK to ACK.
NOTE:
A UE may optionally choose to not send CQI/PMI/RI/PTI reports on PUCCH and/or type-0-triggered SRS transmissions for up to 4 subframes following a PDCCH indicating a new transmission (UL or DL) received in subframe n-i, where n is the last subframe of Active Time and i is an integer value from 0 to 3. After Active Time is stopped due to the reception of a PDCCH or a MAC control element a UE may optionally choose to continue sending CQI/PMI/RI/PTI reports on PUCCH and/or SRS transmissions for up to 4 subframes. The choice not to send CQI/PMI/RI/PTI reports on PUCCH and/or type-0-triggered SRS transmissions is not applicable for subframes where onDurationTimer is running and is not applicable for subframes n-i to n.
NOTE:
The same active time applies to all activated serving cell(s).
NOTE:      Whether DRX is configured for IDC or not,  the random access procedure in subclause 5.1 is performed with no difference.
============================ Third modification ends=============================






















































� N depends on the RTT and the maximum number of transmissions (maxHARQ-Tx).
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