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1
Introduction
TTI Bundling has been introduced for FDD [36.321]:

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 retransmissions within a bundle shall be performed without waiting for feedback from previous transmissions according to TTI_BUNDLE_SIZE. The UE expects feedback only for the last transmission of a bundle
This contribution highlights some issues that are not yet covered.

2
Open Issues
The added paragraph fails to address a few important points:
1)
within a bundle, all retransmissions are non-adaptive;
2)
the retransmission of a bundle is also a bundle;
3)
RTT compared to normal HARQ operation is doubled;
4)
which entity is responsible for generating the retransmissions within a bundle?
5)
when can first transmissions occur?
6)
number of HARQ processes?
While the first two points can easily be addressed by bringing simple changes to the existing paragraph (see below), more discussion is required to solve the other issues.

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 non-adaptive retransmissions for the identified HARQ process. HARQ retransmissions within a bundle shall be performed without waiting for feedback from previous transmissions. The feedback is only given for the last transmission of a bundle. The retransmission of a TTI bundle is also a TTI bundle.
3
Modelling
The starting point for a clear procedure is to determine which entity is responsible for generating the retransmissions within a bundle. Taking the current MAC model as a basis, the choice lies between:
-
The HARQ entity, which would then invoke the HARQ process TTI-Bundle-Size times; and

-
The HARQ process, which would then autonomously generate TTI-Bundle-Size (re)transmissions for each call by the HARQ entity.

Knowing that the HARQ entity is anyway responsible for selecting the type of transmission (first transmission, adaptive retransmission and non-adaptive retransmission), it seems simpler to let the HARQ entity manage the bundling. This also seems to be the way forward already captured. Note that as a result, the maximum number of transmissions needs to take the bundling into account. In other words, for 2 TTI bundling transmissions, the maximum number of transmissions must be set to 8.
Proposal 1: confirm that the HARQ entity is responsible for invoking the HARQ process TTI-Bundle-Size times.

4
RTT
As shown on Figure 1, the RTT for HARQ operation when bundling is used is twice the RTT of normal HARQ operation. In MAC specification, the only place where an HARQ RTT timer is used is in DRX (subclause 5.7). When bundling is applied, it is therefore important to know that the HARQ RTT is twice more for proper DRX operation.
Proposal 2: when TTI bundling is configured, the HARQ RTT Timer needs to be doubled.

Other timing aspects (e.g. HARQ feedback) should be captured in RAN1 specifications as for normal HARQ operation.
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Figure 4: TTI Bundling

5
Timing and HARQ Processes
One essential aspect of bundling operation that remains unclear (at least for the authors of this paper) is its timing and impact on the number of HARQ processes. We see two possible alternatives:

-
Bundling only affects the scheduled processes (hereafter referred to as dynamic bundling); or

-
The occurrence of bundling is fixed in time and the number of HARQ processes is permanently reduced (hereafter referred to as dynamic bundling).

5.1
Dynamic Bundling
With dynamic bundling, the 8 normal HARQ processes are kept in the background and whenever one is scheduled for transmission, bundling takes place for as long as retransmissions are required. For instance:
-
First transmission on process #0 → bundling on process 1, 2 and 3 (as shown on Figure 5.1 for a bundling size of 4 and in the LS from RAN1 with a bundling size of 3 [1]);
-
First transmission on process #4 → bundling on process 5, 6 and 7;

-
First transmission on process #6 → bundling on process 7, 0 and 1.

One benefit of such an approach is to allow new bundled transmission to take place anywhere (as long as no conflict occurs with another bundling). One drawback is to leave 4 TTIs unused as shown in Figure 5.1 below.
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Figure 5.1: Dynamic Bundling

A text proposal to the pseudo-code of the HARQ entity is given below:

At the given TTI, the HARQ entity shall:

-
if an uplink grant indicating that the NDI has been incremented compared to the value in the previous transmission of this HARQ process is indicated for this TTI or if this is the very first transmission for this HARQ process (i.e. a new transmission takes place for this HARQ process):

-
if there is an ongoing Random Access procedure and there is a  MAC PDU in the [Message3] buffer:

-
obtain the MAC PDU to transmit from the [Message3] buffer.

-
else, 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 a new transmission using the identified parameters.
-
if TTI bundling is configured, instruct the same HARQ process to generate on the following TTIs, TTI_BUNDLE_SIZE - 1 contiguous non-adaptive retransmissions.
-
else:

-
flush the HARQ buffer.

-
else, if an uplink grant, indicating that the NDI is identical to the value in the previous transmission of this HARQ process (i.e. a retransmission takes place for this HARQ process), is indicated for this TTI:

-
instruct the HARQ process to generate an adaptive retransmission;
-
if TTI bundling is configured, instruct the same HARQ process to generate on the following TTIs, TTI_BUNDLE_SIZE - 1 contiguous non-adaptive retransmissions.
-
else, if the HARQ buffer of the HARQ process corresponding to this TTI is not empty:

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

-

if TTI bundling is configured, instruct the same HARQ process to generate on the following TTIs, TTI_BUNDLE_SIZE - 1 contiguous non-adaptive retransmissions.
NOTE:
A retransmission triggered by the HARQ entity should be cancelled by the corresponding HARQ process if it collides with a measurement gap or if a non-adaptive retransmission is not allowed.
5.2
Permanent Bundling
With permanent bundling, the number of HARQ processes is permanently reduced and the occurrence of bundling is therefore fixed in time. Since the original LS from RAN1 indicated that TTIs are left unused one normal-HARQ-RTT after a transmission, one could conclude that the number of HARQ processes could be limited to two as shown on Figure 5.2 below. An obvious drawback of such a solution is that it leaves ½ of the processes unused for one UE for no-apparent reason, at least when permanent bundling is assumed.
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Figure 5.2: Two HARQ Processes

Assuming that leaving ½ of the processes unused indeed does not make sense, permanent bundling would mean that the number of 4 HARQ processes is reduced to 4 always whenever bundling is configured as shown on Figure 5.3 below.
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Figure 5.3: Four HARQ Processes

With such a mapping captured in RAN1 specifications, there would be no or very little changes needed to the MAC specification (in addition to the ones discussed in section 2). For instance:
TTI#0

a new transmission takes place (PDCCH received or SPS configured);
TTI#1-3
the HARQ entity keeps on checking the same HARQ process and since the buffer is not empty it automatically generates non-adaptive retransmissions;
TTI#4

after the bundle, the HARQ entity moves to next HARQ process…
TTI#16
after one RTT, the HARQ entity again checks the original HARQ process and depending on whether
 PDCCH is received or not generates adaptive or non-adaptive retransmission.
The only change required is to force non-adaptive retransmissions within a bundle even though no NACK was received. Because we always increment CURRENT_TX_NB by 1, the retransmissions within a bundle can easily be identified by the HARQ process: CURRENT_TX_NB modulo 4 different from 0. A text proposal to the pseudo-code of the HARQ process is given below:

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

-
increment CURRENT_TX_NB by 1;

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

-
for an adaptive retransmission:

-
set CURRENT_IRV to the value corresponding to the redundancy version indicated on PDCCH;

-
generate a transmission as described below.

-
for a non-adaptive retransmission:

-
if TTI bundling is not configured and the last feedback for this HARQ process is a HARQ NACK; or

-
if TTI bundling is configured and CURRENT_TX_NB modulo 4 = 0 and the last feedback for this HARQ process is a HARQ NACK; or

-
if TTI bundling is configured and CURRENT_TX_NB modulo 4 != 0:

-
generate a transmission as described below.

Because it requires very little changes to the MAC specifications, because it prevents possible collisions between bundle-transmissions of different HARQ processes and because it offers the highest throughput, we propose to follow the permanent bundling approach where 4 HARQ processes are used as shown on Figure 5.3.

Proposal 3: when TTI bundling is configured, the number of HARQ processes is reduced to 4.

6
Conclusion
Some missing aspects of TTI bundling were discussed and three proposals were made:
Proposal 1: the HARQ entity is responsible for invoking the HARQ process TTI-Bundle-Size times.

Proposal 2: when TTI bundling is configured, the HARQ RTT Timer needs to be doubled.

Proposal 3: when TTI bundling is configured, the number of HARQ processes is reduced to 4.
The corresponding changes to 36.321 are given in R2-081308.
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