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1.
Introduction
A text proposal for the MAC specification ‎[1] is proposed, to clarify the operation of HARQ with respect to

· the relation between grants and (re-)transmissions;
· TDD.

The clarifications consist of:

· text adjustments to decouple assignment and grant processing from the time of its reception and rather tie it to the time for which they are valid.;

· text adjustment to clarify that re-transmissions without explicitly signalled grants are only made for non-empty buffer of the HARQ process associated with the TTI under consideration;

· Editor’s notes observing that:

· It is FFS whether the format of [SCCH] needs to be specified in the MAC specification or the necessary information can be indicated by L1. E.g. resource allocation, modulation scheme and power control are not used by MAC.

· A downlink assignment can relate to one or two (MIMO) TBs. It is FFS how this information is presented to MAC.

· Editor’s notes to clarify the intention to keep FDD and TDD together and to capture aspects of importance for TDD until they have been described in L1 specifications. More precisely:

· It is the intention to capture HARQ operation in an as duplexing mode agnostic manner as possible.

· Current text applies to, at least, FDD.

· New text shall be worded such that both FDD and TDD are covered.

· Mapping of downlink assignments received on [SCCH] onto the TTIs for which they are valid is done by L1.

· Multiplexing of multiple positive or negative acknowledgements and the time of transmission relative to the reception of data in a HARQ process is done by L1.
· For TDD, more than one uplink grant may need to be signalled in one TTI. Demultiplexing/decoding of such uplink grants is done by L1.

· Mapping of uplink grants received on [SCCH] onto the TTIs for which they are valid is done by L1.

· Demultiplexing of multiple positive or negative acknowledgements and the time of reception relative to the transmission of data in a HARQ process is handled by L1.
2.
Proposal
It is proposed to capture the clarifications above in the E-UTRA MAC protocol specification with the text proposal provided in section 4..

3.
References

[1] R2-072994, “Evolved Universal Terrestrial Radio Access (E-UTRA) Medium Access Control (MAC) protocol specification v0.1.1”, E-UTRA MAC Rapporteur.

4.
Text proposal to 36.321
5.3
DL-SCH data transfer
Editor’s note:
This section describes the reception of data in the UE.

Editor’s note: Handling of semi-persistent scheduling is not yet fully captured.
Editor’s note:
BCCH reception is currently not covered by DL-SCH data transfer. Should consider whether to describe BCCH reception as DL-SCH data transfer or separately to capture that it may be parallell to other data transfers on DL-SCH and PCH [FFS].

Editor’s note:
It is the intention to capture HARQ operation in an as duplexing mode agnostic manner as possible.
Editor’s note:
Current text applies to, at least, FDD.
Editor’s note:
New text shall be worded such that both FDD and TDD are covered.
Editor’s note:
It is FFS whether the format of [SCCH] needs to be specified in the MAC specification or the necessary information can be indicated by L1. E.g. resource allocation, modulation scheme and power control are not used by MAC.
5.3.1
DL Assignment reception

Editor’s note:
This section describes the different assignment methods.
Editor’s note:
A downlink assignment can relate to one or two (MIMO) TBs. It is FFS how this information is presented to MAC.
Editor’s note:
Mapping of downlink assignments received on [SCCH] onto the TTIs for which they are valid is done by L1.
When not in DRX, the UE shall for each TTI:

-
If a downlink assignment for this TTI has been received on the [SCCH]; or

-
if a downlink assignment for this TTI has been configured by upper layers:

 -
Indicate a downlink assignment and the associated HARQ information to the HARQ entity for this TTI;

Editor’s note:
L1 is configured, as needed, by upper layers or MAC [FFS] to monitor [SCCH] for C-RNTI, and by MAC to monitor [SCCH] for Temporary C-RNTI and RA-RNTI.

Editor’s note:
Whether a downlink assignment and associated HARQ information is valid for only one or more than one TTI is FFS.

5.3.2
HARQ operation

Editor’s note:
This section describes the HARQ operation including handling of feedback and aspects related to DRX.
Note:
Additional optimisations (e.g. less adaptive/synchronous) are FFS
5.3.2.1
HARQ Entity

Editor’s note: This subclause describes the overall structure (including number of HARQ processes) and function of the HARQ entities.
There is one HARQ entity at the UE which processes the HARQ process identifiers indicated by the HARQ information associated with TBs received on the DL-SCH.
A number of parallel HARQ processes are used in the UE to support the HARQ entity. [The number of HARQ processes is FFS].
For a received TB the UE shall:

-
If a downlink assignment has been indicated or configured for this TTI: 

-
allocate the received TB to the HARQ process indicated by the associated HARQ information.
Editor’s note:
Whether the number of HARQ processes is hard-coded in the specification or configured by upper layers is FFS.
5.3.2.2
HARQ process

Editor’s note:
This section describes the general HARQ procedure including handling of feedback and aspects related to DRX.
The HARQ process processes the New Data Indicator (name FFS) indicated from the HARQ entity for each received MAC PDU.

The UE shall:

-
if a new transmission is indicated for this HARQ process:
-
replace the data currently in the soft buffer for this HARQ process with the received data.
-
if a retransmission is indicated for this HARQ process:
-
if the data has not yet been successfully decoded:
-
combine the received data with the data currently in the soft buffer for this HARQ process.

-
if the transport block size is different from the last valid transport block size signalled for this HARQ process:
-
the UE may replace the data currently in the soft buffer for this HARQ process with the received data.

-
if the data in the soft buffer has been successfully decoded:

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity;

-
generate a positive acknowledgement (ACK) of the data in this HARQ process.

-
else:

-
generate a negative acknowledgement (NACK) of the data in this HARQ process;

-
if the HARQ process is associated with a transmission indicated with an RA-RNTI; or
-
if the HARQ process is associated with a transmission indicated with a Temorary C-RNTI and a Random Access Identity match is not indicated:

-
do nothing

-
otherwise

-
indicate the generated positive or negative acknowledgement to L1.
Editor’s note:
Multiplexing of multiple positive or negative acknowledgements and the time of transmission relative to the reception of data in a HARQ process is handled by L1.
5.3.3
Disassembly and demultiplexing

Editor’s note:
This section describes the disassembly and demultiplexing of MAC PDUs into MAC SDUs
5.4
UL-SCH data transfer

Editor’s note:
This subclause describes normal operation of UL data transfers over UL-SCH including considerations for DRX.

Editor’s note: Handling of semi-persistent scheduling is not yet fully captured.
Editor’s note:
If there is no valid uplink grant, invoke SR procedure. 
Editor’s note:
It is the intention to capture HARQ operation in an as duplexing mode agnostic manner as possible. 
Editor’s note:
Current text applies to, at least, FDD.
Editor’s note:
New text shall be worded such that both FDD and TDD are covered.
Editor’s note:
It is FFS whether the format of [SCCH] needs to be specified in the MAC specification or the necessary information can be indicated by L1. E.g. resource allocation, modulation scheme and power control are not used by MAC.
5.4.1
UL Grant reception

Editor’s note:
This subclause describes the procedure for handling reception of UL scheduling grants.
Editor’s note:
For TDD, more than one uplink grant may need to be signalled in one TTI. Demultiplexing/decoding of such uplink grants is done by L1.
Editor’s note:
Mapping of uplink grants received on [SCCH] onto the TTIs for which they are valid is done by L1.
The UE shall for each TTI:
-
If an uplink grant for this TTI has been received on the [SCCH]; or

-
if an uplink grant for this TTI has been received in a Random Access Response:


-
Indicate a valid uplink grant and the associated HARQ information to the HARQ entity for this TTI;

5.4.2
HARQ Operation

Editor’s note: This subclause describes the operation of uplink HARQ including handling of feedback and aspects related to DRX.

Note:
Whether resource allocation and modulation and coding scheme can be adapted for retransmissions is FFS.
5.4.2.1
HARQ entity

Editor’s note: This subclause describes the overall structure (including number of HARQ processes) and function of the HARQ entities.

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

-
if the HARQ buffer of the HARQ process corresponding to this TTI is not empty:
-
instruct the HARQ process to generate a re-transmission.
Editor’s note: Method for conveying new transmission / retransmission information through the uplink grant is FFS.

Editor’s note:
Whether the number of HARQ processes is hard-coded in the specification or configured by upper layers is FFS.
5.4.2.2
HARQ process

Editor’s note.
This subclause describes the operation of the HARQ processes including handling of feedback and DRX aspects.

Each HARQ process is associated with a physical buffer (HARQ buffer).

Each HARQ process maintains the 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.

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 [SCCH]:

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

-
generate a transmission as described below.
Editor's note:  It is FFS how IRV is set if there is a persistent uplink grant.
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 an ACK is received; or

-
if CURRENT_TX_NB ≥ maximum number of transmissions configured:

-
flush the HARQ buffer;
Editor’s note:
Demultiplexing of multiple positive or negative acknowledgements and the time of reception relative to the transmission of data in a HARQ process is handled by L1.
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