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1 Introduction

In RAN2#60bis meeting it was decided that UE keeps the data in the HARQ buffer when receiving an ACK on the PHICH. This contribution discusses the detailed UE behaviour in response of PDCCH/PHICH receiption following the made agreement.  

2 Background

In RAN2#60bis meeting following decisions on the UL HARQ protocol regarding PDCCH/PHICH interactions were made [1]:

· When receiving ACK on PHICH and no PDCCH, the UE keeps the data in the HARQ transmit buffer

· PHICH is always configured

2.1 Discussion

Main motivation for the agreed UE behaviour upon receiption of an ACK on PHICH was the avoidance of potential collisions on the UL caused by a lost PDCCH. The consequence of the agreement is, that an HARQ ACK doesn’t indicate the successful receiption of a MAC PDU to the UE. Further retransmissions of  a data packet are possible upon having received an ACK for the same data packet. Only a grant triggering a new packet transmissions indicates the successful receiption of the previously transmitted packet. Essentially a new state in the HARQ state machine has been introduced by this decision, where uplink transmissions are suspended when receiving an ACK and UE needs to monitor the PDCCH for potential further retransmissions. The detailed UE behaviour upon having received an ACK for an uplink transmission is discussed in the following.

One of the questions which needs to be clarified is whether it should be possible to trigger a non-adaptive retransmission for a packet stored in the HARQ buffer for which an ACK has been previously received. In our understanding the main scenario, where eNB schedules a further retransmission of a packet for which an ACK has been already received, is the case of an missed PDCCH, i.e. eNB scheduled an adaptive retransmission, however UE missed the PDCCH and only received an ACK on PHICH. Therefore any further retransmission are most likely supposed to be adaptive retransmissions. Furthermore in case of allowing a non-adaptive retransmission after having received an ACK, there is a potential risk of uplink collisions in case eNB cannot reliably detect DTX on the PUSCH. Asssuming a scenario where UE missed the PDCCH (triggering a retransmission) and the eNodeB erroneously detected PUSCH energy for the scheduled UE and sends an NACK in response on PHICH, the UE will retransmit on a different resource than the intended one by eNB, potentially causing a collision with another UE’s uplink transmission. In light of these observations we think it should be only allowed to trigger an adaptive retransmission for a data packet for which an ACK has been previously received. Consequently UE should ignore an NACK and DTX on PUSCH. 

Proposal 1: When having received an ACK for an uplink transmission in one HARQ process, UE shall further ignore a NACK received for the same HARQ process. Only adative retransmissions should be allowed in this case.  

Another point which needs to be clarified is the maximum time further retransmissions can be scheduled for a packet for which an ACK has been received. Since the configured maximum number of transmissions is already providing the delay bound for an uplink data packet transmission, same can be used as the time limit for further retransmissions. This would also avoid the need for an additional timer in the UE. Consequently UE should increase the transmission counter  CURRENT_TX_NB when receiving  an ACK in one HARQ process for an uplink transmission and also for each further transmission opportunity of this process until max number of transmissions is reached or a PDCCH triggering a new data transmission is received.  

Proposal 2: Receiving an ACK on PHICH without PDCCH for an uplink transmission is regarded as NACKed and is included in the total number of HARQ transmission attempts.  

3 Conclusion 

The contribution discusses the detailed UE behaviour in repsonse to PDCCH/PHICH receiption. It’s proposed that RAN2 discusses the adressed issues and to agree on the following proposals:

· Proposal 1: When having received an ACK for an uplink transmission in one HARQ process, UE shall further ignore a NACK received for the same HARQ process. Only adative retransmissions should be allowed in this case.

· Proposal 2: Receiving an ACK on PHICH without PDCCH for an uplink transmission is regarded as NACKed and is included in the total number of HARQ transmission attempts.
A text proposal for TS36.321 can be found in the annex.
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5 Annex

5.4.2.1
HARQ entity

There is one HARQ entity at the UE. A number of parallel HARQ processes are used in the UE to support the HARQ entity, allowing transmissions to take place continuously while waiting for the feedback on the successful or unsuccessful reception of previous transmissions.

At a given TTI, if an uplink grant is indicated for the TTI, the HARQ entity identifies the HARQ process for which a transmission should take place. It also routes the receiver feedback (ACK/NACK information), relayed by the physical layer, to the appropriate HARQ process.

The number of HARQ processes is equal to [X] [FFS]. Each process is associated with a number from 0 to [X-1].

At the given TTI, the HARQ entity shall:

-
if an uplink grant, indicating a new transmission, is indicated for this TTI:

-
notify the “uplink prioritisation” entity that the TTI is available for a new transmission;

-
if the "uplink prioritisation" entity indicates the need for a new transmission:

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

-
instruct the HARQ process corresponding to this TTI to trigger the transmission of this new payload using the identified parameters.

-
else:

-
flush the HARQ buffer.

-
else:

-
if an uplink grant, indicating a re-transmission, is indicated for this TTI; or

-
if the HARQ buffer of the HARQ process corresponding to this TTI is not empty and no HARQ ACK was received for a preceding transmission of the same data with the same HARQ process:

-
instruct the HARQ process to generate a re-transmission.
· if the HARQ buffer of the HARQ process corresponding to this TTI is not empty and HARQ ACK was received for a preceding transmission of the same data with the same HARQ process:

· instruct the HARQ process to suspend
NOTE:
Adaptive retransmissions are ‘sticky’; i.e., when parameters are modified for a retransmission, previous parameters no longer apply for subsequent retransmissions.

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. When the HARQ process is established, CURRENT_TX_NB shall be initialized to 0.

The UE is configured with a maximum number of transmissions that is identical across all HARQ Processes and all Logical Channels.

If the HARQ entity provides a new PDU, the HARQ process shall:

-
set CURRENT_TX_NB to 0; 

-
set CURRENT_IRV to 0;

-
store the MAC PDU in the associated HARQ buffer;

-
generate a transmission as described below.

If the HARQ entity requests a re-transmission, the HARQ process shall:

-
if an uplink grant for this was received on [PDCCH]:

-
set CURRENT_IRV to the value indicated in the uplink grant;

-
generate a transmission as described below.
If the HARQ entity requests a suspend, the HARQ process shall:

· increment CURRENT_TX_NB by 1;
To generate a transmission, the HARQ process shall:

-
instruct the physical layer to generate a transmission with the redundancy version corresponding to the CURRENT_IRV value and the transmission timing;

-
if CURRENT_IRV < [Y] [FFS]:

-
increment CURRENT_IRV by 1;

-
increment CURRENT_TX_NB by 1;

The HARQ process shall:

-
if CURRENT_TX_NB = maximum number of transmissions configured:

· flush the HARQ buffer;

· if no HARQ ACK is received for this process:

· notify the relevant ARQ entities in the upper layer that the transmission of the corresponding RLC PDUs failed.
· if the transmission corresponds to a transmission of CCCH over transparent MAC, notify RRC that the transmission of the corresponding MAC SDU failed.






3GPP


