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1 Introduction
In this contribution we discuss the MAC impacts of asynchronous HARQ for bandwidth reduced low complexity UEs and UEs in enhanced coverage. We present our proposals to implement asynchronous uplink HARQ and give text proposals for TS 36.321 [2]. We also discuss the DRX aspects and give proposals on required timers related to UL HARQ.
The following agreements have been made in RAN1 regarding PUSCH transmissions and UL HARQ [3]:

	RAN1#82 agreement:

· PUSCH HARQ feedback is realized using M-PDCCH.




	RAN1#83 agreement:

· Rel 13 LC/CE UEs shall only support adaptive PUSCH HARQ
· PUSCH HARQ operation for LC/CE UEs is Asynchronous
· The UL grant shall include the HARQ number, and RV number (for CE Mode A)
· The UE is not expecting to receive the UL grant for re-transmission before n+4 (where n is the last SF of the PUSCH transmission)




The following agreements were made in RAN2#92 regarding HARQ: 

	· For both UL and DL, repetitions are transmitted similar to non-adaptive retransmissions within a bundle. CURRENT_TX_NB is not increased for each repetition.
· Use explicit UL grants for all bundle retransmissions, that is, use adaptive UL HARQ for Rel-13 LC UEs and UEs in enhanced coverage (depending on RAN1 decision)
· Define a dynamic UL_REPETITION_NUMBER in MAC specification.
· Introduce bundling in downlink so that UE will receive DL_REPETITION_NUMBER consecutive transmissions before sending HARQ feedback in MAC specification.

· The UE considers ACK for each UL bundle transmission.



2 Discussion
2.1 Uplink Asynchronous HARQ 
In legacy operation uplink HARQ is synchronous, where possible retransmissions can be non-adaptive, indicated on PHICH (HARQ feedback) without a PDCCH, or adaptive, where UE follows the scheduling information in DCI over PDCCH. For BL UEs and UEs in enhanced coverage, the uplink HARQ operation will be asynchronous per the RAN1#83 agreement. Moreover, no dedicated PHICH channel exists for these UEs but all transmissions and retransmissions are indicated by eNB sending an uplink grant to the UE. The text proposals for HARQ entity and HARQ process can be found in sections 2.1.1 and 2.1.2, respectively. 
Observation 1 Uplink HARQ operation for BL UEs and UEs in enhanced coverage is non-adaptive and asynchronous. RAN2 needs to capture necessary details in TS 36.321.
Observation 2 Transmissions and retransmissions of bundles are always indicated by an uplink grant including HARQ process ID.
The New Data Indicator (NDI) in uplink grant is used to indicate whether the UE shall perform a new transmission or a retransmission, as in legacy operation; this behaviour does not need to be changed for asynchronous HARQ.

For synchronous UL HARQ the buffer is flushed when maximum number of attempts is reached. For counting, variable CURRENT_TX_NB is used and after a transmission has been generated its value is checked against the configured maximum number. If maximum number of transmissions is reached, the HARQ process flushes the buffer.

However, for asynchronous uplink HARQ, there seem to be no clear need to flush the buffer. There are only adaptive retransmissions of the repetition bundles, thus there is no need for the HARQ entity to check the status of the buffer after the whole bundle is transmitted, as a retransmission will be indicated via a separate uplink grant. Also the variable CURRENT_TX_NB does not need to be maintained in the UE for asynchronous HARQ as the retransmissions are solely controlled by the eNB.
Proposal 1 Uplink HARQ buffer is not flushed by the UL HARQ process. 

Proposal 2 State variable CURRENT_TX_NB is not used or maintained for asynchronous UL HARQ.
As there is no HARQ feedback provided to the UE, it is not necessary to use or update the variable HARQ_FEEDBACK for BL UEs or UEs in enhanced coverage. 

Proposal 3 State variable HARQ_FEEDBACK is not used or maintained for asynchronous UL HARQ.

In order to control the time the UE waits for a possible retransmission grant from eNB, similar retransmission timer concept as used in DL HARQ can be used. See further discussion of this in section 2.1.3. 
2.1.1 UL HARQ entity

In the endorsed running MAC CR we have the following paragraph on repetitions within a bundle: 
	For BL UEs and UEs in enhanced coverage, the parameter UL_REPETITION_NUMBER provides the number of  transmission repetitions of a bundle. For each bundle, UL_REPETITION_NUMBER is set to a value provided by lower layers. Bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle HARQ retransmissions are non-adaptive and are triggered without waiting for feedback from previous transmissions according to UL_REPETITION_NUMBER. The HARQ feedback and/or a uplink grant corresponding to a new transmission or a retransmission of the bundle is only received after the last repetition of the bundle. A retransmission of a bundle is also a bundle.


For uplink HARQ entity, the procedure needs to be toggled only when the UE has a grant indicating a new transmission or a retransmission. The used HARQ process ID is also included in the grant, and the ID is not associated to a specific TTI. 
Text proposal for asynchronous UL HARQ entity procedure:
	For BL UEs and UEs in enhanced coverage the uplink HARQ operation is asynchronous. 
In asynchronous HARQ operation any HARQ process can be associated with any TTI. 

For each TTI, the HARQ entity shall:

-
identify the HARQ process(es) associated with this TTI, and for each identified HARQ process:

-
if an uplink grant has been indicated for this process and this TTI:
-
if the received grant was not addressed to a Temporary C-RNTI on PDCCH and if the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this HARQ process; or

-
if the uplink grant was received on PDCCH for the C-RNTI and for synchronous HARQ process the HARQ buffer of the identified process is empty; or

-
if the uplink grant was received in a Random Access Response:

-
if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response:

-
obtain the MAC PDU to transmit from the Msg3 buffer.

-
else:

-
obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity;

-
deliver the MAC PDU and the uplink grant and the HARQ information to the identified HARQ process;

-
instruct the identified HARQ process to trigger a new transmission.

-
else:

-
deliver the uplink grant and the HARQ information (redundancy version) to the identified HARQ process;

-
instruct the identified HARQ process to generate an adaptive retransmission.

-
else, if the HARQ buffer of this HARQ process is not empty and the HARQ process is a synchronous HARQ process:

-
instruct the identified HARQ process to generate a non-adaptive retransmission.

When determining if NDI has been toggled compared to the value in the previous transmission the MAC entity shall ignore NDI received in all uplink grants on PDCCH for its Temporary C-RNTI.


Proposal 4 Capture above text proposal for asynchronous UL HARQ entity in TS 36.321. 
2.1.2 UL HARQ process
Text proposal for UL HARQ process procedure:

	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:

-
for synchronous UL HARQ operation:
-
set CURRENT_TX_NB to 0; 
-
set HARQ_FEEDBACK NACK;
-
set CURRENT_IRV to 0;

-
store the MAC PDU in the associated HARQ buffer;

-
store the uplink grant received from the HARQ entity;

-
generate a transmission as described below.

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

-
for synchronous UL HARQ operation: 

-
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;

for synchronous UL HARQ operation: 

-
set HARQ_FEEDBACK to NACK;

-
generate a transmission as described below.

-
else if the HARQ entity requests a non-adaptive retransmission:
-
for asynchronous UL HARQ operation; or
-
if HARQ_FEEDBACK = NACK :

-
generate a transmission as described below.

NOTE:
When receiving a HARQ ACK alone, the MAC entity 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 Sidelink Discovery Gaps for Transmission are not configured by upper layers, and 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; or

-
if Sidelink Discovery Gaps for Transmission are configured by upper layers, and 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, and there is no Sidelink Discovery Gap for Transmission in this TTI; or

-
if Sidelink Discovery Gaps for Transmission are configured by upper layers, and 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, and there is a Sidelink Discovery Gap for Transmission, and there is no configured grant for transmission on SL-DCH 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;

-
for synchronous UL HARQ operation, if there is a measurement gap or Sidelink Discovery Gap for Reception 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, for synchronous UL HARQ operation, the HARQ process then shall:

-
if CURRENT_TX_NB = maximum number of transmissions – 1:

-
flush the HARQ buffer;

Editor’s note: It is FFS if absent/not detected PUSCH HARQ feedback should be intrepreted as ACK or NACK. Assumption is that lower layers provide HARQ feedback information to MAC and the relevant TB. Therefore there is no impact on MAC.  




Proposal 5 Capture above text proposal for asynchronous UL HARQ process in TS 36.321. 

2.1.3 DRX for UL asynchronous HARQ
Similar to DL, UL asynchronous HARQ can adopt an RTT timer which is started after UL transmission to and a retransmission timer which indicates the time during which the UE should monitor the control channel for a possible retransmission grant. 
In short, the proposed operation would be:

· After the last repetition of PUSCH transmission the UE starts the RTT timer 
· Retransmission timer is started when RTT timer expires, on the next possible MPDCCH starting opportunity
· If a valid retransmission grant is received while the retransmission timer is running, the retransmission timer is stopped.
· If no DCI/MPDCCH is received during the retransmission timer UE can go to DRX if there are no other Active time timers running. (Note: Buffer is not flushed in this case).
The retransmission timer for UL controls the time when the actual retransmission can be sent, providing the necessary scheduling flexibility. The retransmission timer could reuse the configuration of drx-RetransmissionTimer including the agreed extended timer values up to 320 subframes. We think the timer should be separate from the DL drx-RetransmissionTimer as it might be beneficial to configure different value for waiting for possible UL retransmission grants.

Proposal 6 drx-ULRetransmissionTimer is introduced for asynchronous UL HARQ. The value range is the same as for extended drx-RetransmissionTimer. There is one drx-ULRetransmissionTimer per asynchronous UL HARQ process. 
The RTT timer would serve a similar purpose as in DL. The RTT timer for UL would control the minimum time between the UL transmission and when the retransmission can be expected at the earliest. RAN1 has agreed there will be no retransmission grant before subframe n+4, where n is the last subframe with PUSCH repetition.

Proposal 7 Uplink HARQ RTT Timer length is set for 4 subframes.
The behaviour of uplink retransmission timer and HARQ RTT timer should be captured in the DRX procedure text in [2]. The HARQ RTT timer should be started after the last subframe of PUSCH repetition: this is the same behaviour as in downlink HARQ.
As MPDCCH is not transmitted on every subframe, and the starting subframes of UE specific search space for MPDCCH are spread depending on the maximum configured MPDCCH repetition factor and the configured starting location, we propose that the uplink retransmission timer is started only on the first MPDCCH starting opportunity after HARQ RTT Timer has expired. The MPDCCH configuration is known to both UE and eNB, thus there is no ambiguity of the next possible opportunity. 
Proposal 8 Uplink HARQ RTT Timer is started after the subframe containing the last PUSCH repetition of a transmission. 
Proposal 9 drx-ULRetransmissionTimer is started on the next MPDCCH opportunity after HARQ RTT Timer has expired.   
	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), drx-ULRetransmissionTimer (one per UL HARQ 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) and asynchronous UL HARQ 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 drx-ULRetransmissionTimer 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 for synchronous HARQ process; 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:

-
for dowlink HARQ process start the drx-RetransmissionTimer for the corresponding HARQ process.
-
for asynchronous uplink HARQ process start the drx-ULRetransmissionTimer on the next possible opportunity for a new PDCCH transmission.
-
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 and if the subframe is not part of a configured Sidelink Discovery Gap for Reception; 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 and if the subframe is not part of a configured Sidelink Discovery Gap for Reception; 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 and if the subframe is not part of a configured Sidelink Discovery Gap for Reception:

-
monitor the PDCCH;

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

-
after the last subframe of PUSCH transmission for asynchronous UL HARQ process:
-
start the HARQ RTT Timer for the corresponding HARQ process;

-
stop the drx-RetransmissionTimer or drx-ULRetransmissionTimer 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.




	7.7
HARQ RTT Timer

For BL UEs and UEs in enhanced coverage, the uplink HARQ RTT Timer is set to 4 subframes.

For all other UEs, for each serving cell, in case of FDD configuration on the serving cell which carries the HARQ feedback for this serving cell the HARQ RTT Timer is set to 8 subframes. For each serving cell, in case of TDD configuration on the serving cell which carries the HARQ feedback for this serving cell the 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 subclauses 10.1 and 10.2 of [2] , and for an RN configured with rn-SubframeConfig [8] and not suspended, as indicated in Table 7.5.1-1 of [11].



3 Conclusion

In this contribution we have discussed the MAC impacts of asynchronous HARQ for bandwidth reduced low complexity UEs and UEs in enhanced coverage. In section 2 we made the following observations:

Observation 1
Uplink HARQ operation for BL UEs and UEs in enhanced coverage is non-adaptive and asynchronous. RAN2 needs to capture necessary details in TS 36.321.
Observation 2
Transmissions and retransmissions of bundles are always indicated by an uplink grant including HARQ process ID.


Based on the discussion in section 2 we propose the following:
Proposal 1
Uplink HARQ buffer is not flushed by the UL HARQ process.
Proposal 2
State variable CURRENT_TX_NB is not used or maintained for asynchronous UL HARQ.
Proposal 3
State variable HARQ_FEEDBACK is not used or maintained for asynchronous UL HARQ.
Proposal 4
Capture above text proposal for asynchronous UL HARQ entity in TS 36.321.
Proposal 5
Capture above text proposal for asynchronous UL HARQ process in TS 36.321.
Proposal 6
drx-ULRetransmissionTimer is introduced for asynchronous UL HARQ. The value range is the same as for extended drx-RetransmissionTimer. There is one drx-ULRetransmissionTimer per asynchronous UL HARQ process.
Proposal 7
Uplink HARQ RTT Timer length is set for 4 subframes.
Proposal 8
Uplink HARQ RTT Timer is started after the subframe containing the last PUSCH repetition of a transmission.
Proposal 9
drx-ULRetransmissionTimer is started on the next MPDCCH opportunity after HARQ RTT Timer has expired.


4 References

[1] RP-150492, “Revised WI: Further LTE Physical Layer Enhancements for MTC”
[2] 3GPP TS 36.321, Medium Access Control (MAC) protocol specification.

[3] R1-157733, “RAN1 agreements for Rel-13 eMTC sorted and edited by topic”. RAN1#83


9/10


