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1 Introduction

LTE Rel 8/9 DRX mechanism has been identified as a technique to allow TDM between LTE and ISM traffic for in-device coexistence scenarios. One of the agreements captured in Stage 2 document [1] is the following -
“DRX based TDM solution should be used in a predictable way, i.e. the eNB should ensure a predictable pattern of unscheduled periods by means of existing DRX mechanism.”
A set of changes to DRX procedure to ensure predictable patterns was presented in [2]. It was noted in RAN2#77 meeting in Dresden that companies must present the exact MAC CR for any proposed DRX enhancements. In this contribution, the exact changes needed in the MAC specification 36.321 to address the specific DRX enhancements in [2] are provided. There are changes that would also be needed for other specification such as RRC specification 36.331 but those are not discussed in detail here.
2 DRX enhancements
There were three sets of changes presented in [2]. The first was related to new DRX parameter values. The second was related to UE request of parameters for the TDM solution. The third was related to UL HARQ behaviour modification.
1) New DRX Parameter values: It has been agreed in [1] that additional DRX parameter values are needed to make the DRX solution work. Most of the changes for new parameter values have to be made in the RRC specification 36.331. However, there is one additional value of drxShortCycleTimer for which a change in the MAC behaviour in 36.321 has to be specified. 
Essentially, a new [TBD] value of drxShortCycleTimer can be used by eNB to indicate that UE must follow short DRX cycles indefinitely, i.e. it must not enter long DRX cycle. In absence of this change, the eNB has to periodically restart the short DRX cycles by sending DRX MAC Command which is not a reliable mechanism since messaging can be lost or delayed due to link errors. It is also not efficient since there is an overhead involved in sending the message frequently. For example, when RRC at eNB configures shortDRXCycle of 5ms and the maximum drxShortCycleTimer of 16, the eNB has to send the DRX command every 80ms.  Instead of sending periodic messages, a specification imposed indefinite short DRX cycle is simpler to ensure a predictable short-term TDM solution for LTE+BT voice scenario. The benefit of this change is shown in Figure 2‑1. In the top figure, the default DRX behaviour is shown wherein LTE transitions to long DRX after expiration of drxShortCycleTimer. This will hurt the coexistence performance of BT. In the middle figure, eNB has to send DRX MAC Command periodically to ensure that drxShortCycleTimer doesn’t expire. In the bottom figure, the specification change ensures that drxShortCycleTimer never expires when it is configured for IDC. A possible CR to 36.321 for this change is provided in Appendix A which shows that the change is minimal.
Proposal 1: The MAC change to support continuous short DRX cycles indefinitely should be considered to ensure predictable short-term TDM solution using DRX. 
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Figure 2‑1: Benefit of specification change to continue short DRX cycle indefinitely
2) UE assistance information: The changes for the procedure of UE requesting parameter values for TDM solution, such as DRX parameters or timing offset, will also be part of the RRC specification 36.331. For instance, this could be provided as assistance information in the coexistence message from UE to eNB that needs to be introduced for IDC.
3) UL HARQ behaviour modification: The final set of changes is related to UL HARQ behaviour modification. This is required in addition to the new DRX parameter values to make the long-term TDM solutions predictable. For the LTE+MiFi use case, the long-term TDM pattern must give resources to LTE and MiFi in the time scale of 10s of ms each, ex. 30ms LTE ON and 30ms LTE OFF. Similar partitioning is also intended for the LTE+BT multimedia use case wherein even a single DRX cycle where LTE extends into the OFF duration can lead to BT perception quality impact. In order to prevent extension of LTE active time into LTE OFF time with the current procedure, eNB will have to configure a very short onDuration and also restrict the number of maximum HARQ transmissions. This can lead to very inefficient LTE resource usage and impact link performance. Alternatively, we could make a simple modification to the HARQ behaviour with DRX. It is desirable to set a long onDuration and large number of maximum HARQ transmissions. Any pending UL retransmissions after the end of onDuration can either be continued in the next DRX cycle or if the retransmission probability is low, it can be ignored by both eNB and UE. With the proposed change, the LTE throughput for the LTE+MiFi example in [2] increased from 28% to 41% which is a 44% improvement and also any number of HARQ retransmissions could be supported. A possible CR for the set of MAC changes needed for this modification of UL HARQ behaviour is given in Appendix B.
Proposal 2: The MAC change which allows UE to go to sleep after onDuration even if retransmissions are pending should be considered for long-term TDM solution using DRX. 
As noted in [2], a similar behaviour of HARQ when HARQ feedback cannot be received is also assumed for measurement gaps which are already part of the specification. The difference in DRX is that UL transmissions are allowed for up to four subframes after onDuration but in measurement gaps non-adaptive retransmissions are triggered when UL transmission is not possible in the gap. This may cause errors with longer inactive times unless measurement gaps are also enhanced.
3 Conclusion

The exact MAC CR for certain DRX enhancements to make DRX based TDM solution predictable and efficient are provided in this contribution. 
Proposal 1: The MAC change to support continuous short DRX cycles indefinitely should be considered to ensure predictable short-term TDM solution using DRX. 
Proposal 2: The MAC change which allows UE to go to sleep after onDuration even if retransmissions are pending should be considered for long-term TDM solution using DRX. 
The CR for Proposal 1 is in Appendix A and the CR for Proposal 2 is in Appendix B. The impact to specification changes is minimal and their scope is also limited, so these changes should be considered for adoption.
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5 Appendix A – Disabling long DRX change in 36.321

The following change is needed in 36.321 Section 5.7 to disable entering the long DRX cycle for short-term TDM solutions.

Modified Subclause
5.7: Discontinuous Reception (DRX)

[...............

if drxShortCycleTimer  configured value is other than [TBD] and it expires in this subframe:

-
use the Long DRX cycle.

...............]

6 Appendix B – UL HARQ changes for DRX in 36.321
The following are the MAC changes in 36.321 to address the UL HARQ modification issue. 
First Modified Subclause
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.

To generate a transmission, the HARQ process shall:

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

-
if there is no measurement gap 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 being used 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;

Next Modified Subclause
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 except when the DRX mechanism is being used for IDC; 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 the DRX mechanism is not being used for IDC gaps, then Rregardless 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 the DRX mechanism is used 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).
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