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1 Introduction
At the RAN2#61bis meeting we presented our evaluation of the TTI-Bundling alternatives for FDD ‎[2] and came to the conclusion that Alternative 1 as described in ‎[1] is our preferred solution to enhance the uplink coverage of LTE for FDD.

At that meeting no decision was taken due to uncertainties regarding the way forward for TDD. In a separate paper to this meeting we discuss the issues for TTI bundling in the TDD context in detail and propose a way forward. Essentially, the proposed way forward for TDD is in line with our preferred choice for FDD as described in ‎[2], although due to the TDD DL/UL configurations the timing definitions need to be adjusted. The main principles however are applied for TDD as well, i.e., avoidance of unnecessary retransmissions and collisions with UEs that operate in normal HARQ operation should be avoided.

In this paper we provide a text proposal to the MAC specification.
2 Discussion
In the following discussion we assume that our proposals in ‎[2] and ‎[3] are selected as the way forward. If TTI bundling is configured, the UE is mainly affected in its generation of HARQ retransmissions and when HARQ feedback is to be expected.
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Figure 1: TTI Bundling
2.1 Configuration

In order to limit the operational complexity of a UE in TTI bundling mode, we propose the following:

Proposal 1: Either a UE is configured by RRC for normal operation or TTI bundling. It is not possible to dynamically switch between modes.

An important parameter to describe TTI bundling is the TTI_BUNDLE_SIZE. This parameter provides the number of TTIs that belong to a TTI bundle.

Proposal 2: It is proposed to introduce the parameter TTI_BUNDLE_SIZE that provides the number of TTIs belonging to a bundle. 

In order to limit the complexity, we follow the suggestion to agree on a single value for TTI_BUNDLE_SIZE for FDD. In addition, as discussed in ‎[3], we also prefer to limit the complexity for TDD for TTI bundling. Therefore, we propose to specify a single TTI_BUNDLE_SIZE for each TDD configuration for which TTI bundling is supported. An exception is TDD configuration 0, where we prefer a static configuration with four HARQ processes - two processes bundling 3 and two processes bundling 4 TTIs (see ‎[3]). When TTI bundling is configured for a UE, it uses the TTI_BUNDLE_SIZE according to its operation mode (FDD or TDD).

Proposal 3: It is proposed to use only one fixed value for TTI_BUNDLE_SIZE for FDD and for each TDD configuration, except for TDD configuration 0. 

Proposal 4: TTI_BUNDLE_SIZE is 4 for FDD. 

Proposal 5: TTI_BUNDLE_SIZE for TDD per TDD allocation:
· 0: 1DL/1¬ST/3UL

3 and 4 (2 HARQ processes use 3 and 2 use 4)
· 1: 2DL/1¬ST/2UL

4

· 3: 6DL/1¬ST/3UL

3

· 6: 3DL/2¬ST/5UL

4

2.2 HARQ Entity

From a MAC specification perspective it is desired to hide timing issues from HARQ and to treat them at L1. This principle should be maintained also for TTI bundling. This essentially means that a UE, which is configured for TTI bundling, knows how to map TTIs to HARQ processes.

For example, assuming dynamic scheduling, when an uplink grant is received, the L1 indicates to the MAC layer that depending on the grant’s content either a new transmission or retransmission shall be performed. This is identical to the normal HARQ operation. For the following autonomous retransmissions within the TTI bundle there are two approaches to address them. 
1. L1 triggers in the subsequent TTIs within the bundle the transmission of additional redundancy versions.

2. L2 handles in a self-contained manner the generation of autonomous retransmissions.
We prefer the latter approach, because the MAC specification already provides means to perform retransmissions when the corresponding HARQ process buffer is not empty. With this approach, it seems that the changes to the MAC spec can be minimized. Requirement for this to work is that the HARQ entity is aware of the mapping of HARQ processes to TTIs. We don’t think that this is a very demanding assumption, since this is needed for normal HARQ operation also since the L1 is not aware of HARQ processes.
Proposal 6: MAC is responsible for generating the autonomous retransmissions within a TTI bundle. 

As consequence of the above is that no changes to section 5.4.1 “UL Grant reception” are required, since an UL grant will occur only once per TTI bundle. This grant is then indicated to the HARQ entity that makes sure that the configured number of TTIs is used to transmit redundancy versions for the corresponding MAC PDU. 
Thus, the main handling of the TTI bundling operation needs to be included in section 5.4.2.1 “HARQ entity”. One differences needs to be addressed in the text. The first paragraph in this section states: “ … allowing transmissions to take place continuously while waiting for the feedback on the successful or unsuccessful reception of previous transmissions.”
This statement does not hold for TTI bundling operation, since retransmissions are performed without waiting for HARQ feedback. We therefore propose to include a statement that in case of TTI bundling retransmissions are allowed without waiting for feedback.
Proposal 7: It is proposed to capture in section 5.4.2.1 that retransmissions can be sent without waiting for HARQ feedback. See Text Proposal.
Furthermore, the HARQ entity section states that: “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.”
We assume that this rule is valid also for the case when TTI bundling is configured. Thus, the first transmission within a TTI bundle is treated identically to the normal HARQ operation in case an uplink grant has been received.
More important is to capture the behaviour of the HARQ operation for the second to the last TTI within a bundle. Here, the following lines are essential:
“if the HARQ buffer of the HARQ process corresponding to this TTI is not empty:

-
instruct the HARQ process to generate a re-transmission.”
We assume that since the HARQ entity is responsible for identifying the HARQ process for a certain TTI, the configuration of the UE for TTI bundling implies that the HARQ entity knows whether a re-transmission shall be performed for the considered TTI and the considered HARQ process. This behaviour is already captured in the two lines above. Thus, we think that for handling the retransmissions no further modification of section 5.4.2.1 is required. If there is still a TTI available within a bundle and the HARQ buffer is not empty, a retransmission will be performed.
3 Conclusion

We propose to discuss the following proposals and to agree on the text proposal provided in Section 5.
Proposal 1: Either a UE is configured by RRC for normal operation or TTI bundling. It is not possible to dynamically switch between modes.

Proposal 2: It is proposed to introduce the parameter TTI_BUNDLE_SIZE that provides the number of TTIs belonging to a bundle. 

Proposal 3: It is proposed to use only one fixed value for TTI_BUNDLE_SIZE for each TDD configuration, except for TDD configuration 0, and for FDD. 

Proposal 4: TTI_BUNDLE_SIZE is 4 for FDD. 

Proposal 5: TTI_BUNDLE_SIZE for TDD is for configuration 
· 0: 1DL/1¬ST/3UL

3 and 4 (2 HARQ processes use 3 and 2 use 4)
· 1: 2DL/1¬ST/2UL

4

· 3: 6DL/1¬ST/3UL

3

· 6: 3DL/2¬ST/5UL

4

Proposal 6: MAC is responsible for generating the autonomous retransmissions within a TTI bundle. 

Proposal 7: It is proposed to capture in section 5.4.2.1 that retransmissions can be sent without waiting for HARQ feedback. See Text Proposal.
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5 Text Proposal 
5.4
UL-SCH data transfer

Editor’s note:
Current text applies to, at least, FDD.

5.4.1
UL Grant reception

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 [PDCCH] onto the TTIs for which they are valid is done by L1.

When the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the UE shall for each TTI:

-
If an uplink grant for this TTI has been received on the [PDCCH] for the UE’s C-RNTI or Temporary C-RNTI; 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;

-
else, if an uplink grant for this TTI has been configured and an uplink grant for this TTI has not been received on the [PDCCH], nor in a Random Access Response:

-
Indicate an uplink grant, valid for new transmission, and the associated HARQ information to the HARQ entity for this TTI.

NOTE:
The period of configured uplink grants is expressed in TTIs.

NOTE:
If the UE receives both a grant for its RA-RNTI and a grant for its C-RNTI, the UE may choose to continue with either the grant for its RA-RNTI or the grant for its C-RNTI.

5.4.2
HARQ operation

NOTE:
Whether resource allocation and modulation and coding scheme can be adapted for retransmissions is FFS.

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.
If TTI bundling is configured, the parameter TTI_BUNDLE_SIZE provides the number of TTIs of a TTI bundle. If a transmission is indicated for the TTI, the HARQ entity identifies the HARQ process for which a transmission should take place. The next TTI_BUNDLE_SIZE uplink TTIs are subsequently used for transmissions for the identified HARQ process. HARQ transmissions are allowed without waiting for feedback from previous transmissions according to TTI_BUNDLE_SIZE. The UE expects feedback only for the last transmission of a bundle.

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:

-
instruct the HARQ process to generate a re-transmission.

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 sequence of redundancy versions is defined to be 0, 2, 3, 1. The variable CURRENT_IRV provides a pointer to a redundancy version in the defined set. This variable is up-dated modulo 4.

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:

-
increment CURRENT_TX_NB by 1;

-
if there is no measurement gap at the time of the re-transmission:

-
if an uplink grant for a re-transmission was received on [PDCCH]:

-
set CURRENT_IRV to the value corresponding to the redundancy version indicated in the uplink grant;

-
generate a transmission as described below;

-
if no uplink grant for a retransmission was received on [PDCCH] and the last feedback for this HARQ process was not a HARQ ACK:

-
generate a transmission as described below.

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;

-
increment CURRENT_IRV by 1;

-
if there is a measurement gap at the time of the feedback for this transmission, consider the feedback coinciding with the measurement gap to be a HARQ ACK.

 The HARQ process shall:

-
if CURRENT_TX_NB = maximum number of transmissions configured:

-
flush the HARQ buffer;

-
if the transmission corresponds to a transmission of CCCH  and the last feedback received for this process was not HARQ ACK:

-
notify RRC that the transmission of the corresponding MAC SDU failed.

The HARQ process may:

-
if CURRENT_TX_NB = maximum number of transmissions configured and the last feedback received for this process was not HARQ ACK:

-
notify the relevant ARQ entities in the upper layer that the transmission of the corresponding RLC PDUs failed.

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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