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1
Introduction
4 HARQ process and 16ms RTT were agreed for TTI bundling during RAN2 #62bis [1]. However, it’s not clear per current specification whether the permanent bundling or the dynamic bundling proposed in [2] would be used. This contribution provides possible understanding of the HARQ usage for TTI bundling per current spec and hopes to further clarify this issue in order to reach a common understanding within the group.
2
Discussion
In the current MAC specification, TTI bundling operation is only specified in the introduction part of HARQ entity, but no related statements in the procedure [3]:

If TTI bundling is configured, the parameter TTI_BUNDLE_SIZE provides the number of TTIs of a TTI bundle. Within a bundle HARQ retransmissions are non-adaptive and shall be performed without waiting for feedback from previous transmissions according to TTI_BUNDLE_SIZE. The feedback for a bundle is only received for the TTI corresponding to TTI_BUNDLE_SIZE. A retransmission of a TTI bundle is also a TTI bundle.

In the current PHY specification [4]:

For FDD, there shall be 8 HARQ processes in the uplink for non-subframe bundling operation, i.e. normal HARQ operation, and 4 HARQ processes in the uplink for subframe bundling operation. The subframe bundling operation is configured by the parameter ttiBundling provided by higher layers.
For FDD and subframe bundling operation, the UE shall upon detection of a PDCCH with DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission in subframe n-5 intended for the UE, adjust the corresponding first PUSCH transmission in the bundle in subframe n+4 according to the PDCCH and PHICH information.
…
For scheduled PUSCH transmissions in subframe n, a UE shall determine the corresponding PHICH resource in subframe n+ k PHICH, where kPHICH is always 4 for FDD and is given in table 9.1.2-1 for TDD. For subframe bundling operation, the corresponding PHICH resource is associated with the last subframe transmission in the bundle.
2.1
Understanding 1: Fixed pattern
As specified in the PHY specification, 4 HARQ processes and 16 ms RTT imply the HARQ process pattern for TTI bundling is fixed. As long as UL grant received, there will be 4 transmissions for the bundling. The HARQ processes usage for TTI bundling would be like, e.g.:

00001111222233330000111122223333…
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Figure 1 Fixed pattern
But during the discussion of [5] which proposed the bundles for a certain UE can be started or scheduled at any uplink subframe and it’s confirmed within the group that this is the correct interpretation of the spec and nothing needs to be added [6]. So it would be possible for UE to receive UL grant within bundle given by the pattern. But current MAC specification implies there’re always TTI_BUNDLE_SIZE transmissions for each bundle, which would disarrange the pattern if UL grant received within the bundle. Then we need to specify UE’s behaviour upon receiving such grant, e.g. how to identify the HARQ process for such grant.
Futhermore, another question is when would this pattern start? Upon the first UL grant received after TTI bundling configured? What if it’s a false positive start? Following examples illustrate possible scenariosfor false positive start.
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Figure 1a) false positive start scenario 

Depending on the system design, the scenario could have big impact on the system performance. eNB has to release the TTI bundling and activates it again to recover from the error. One way to reduce the impact of the false positive start is to synchronize the HARQ process of the bundle with the eNB and the UE. It could be done by assigning implicitly the HARQ process ID in UE linked to the absolute SFN and the subframe number.
2.2
Understanding 2: Dynamic pattern
Another understanding of the current MAC/PHY specification could be that there’s no fixed HARQ process pattern, i.e. there’s no limitation of when UL transmission of a bundle will be scheduled and as long as an UL grant is received, there will always be TTI_BUNDLE_SIZE UL transmissions for each bundle. The HARQ usage for TTI bundling would be like, e.g.:

xxxx0000xx1111xxxxxx0000xxxxx11112222…, PDCCH/PHICH signalling details for each process are shown in figure 2.
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Figure 2 Dynamic pattern
Such pattern introduces flexibility for scheduler as stated in [5]. E.g. for HARQ process 1, after successful reception of the first TB, the eNB might decide to schedule a new transmission for the UE 2 ms after the 16 ms RTT. 
But one crucial question here is that we do not have rule in the specification for UE to identify the HARQ process for an UL grant and there’s no HARQ process ID in UL grant, hence it’s not clear how the NDI comparision operation works. For instance, if the second UL grant for P1 in figure 2(b) is missed, the UE can’t distinguish the UL grant for P2 in figure 2(c) is for process 2 or it’s for process 1 with 6 ms delay after the 16 ms RTT. It might cause misalignment between the eNB and the UE on the HARQ processes and the NDI comparing mechanism would not work correctly.
2.3
Understanding 3: Fixed pattern with flexible scheduling
The third understanding which is compromise of the above 2 understandings is that the HARQ process pattern is fixed, but there’s no limitation of when UL transmission of a bundle will be scheduled, hence there will not necessary be 4 transmissions of a bundle. The HARQ usage of the TTI bundling would be like, e.g.:
0000xx112222333300001111x2223333…
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Figure 3 Fixed pattern with flexible scheduling

There’s fixed pattern for the HARQ process usage but the UL grant for a new transmission and for an adaptive retransmission can be given at any time, but that means there are not necessarily 4 transmissions for a bundle started by an UL grant.
3
Solutions
To sum up the understanding discussed in section 2, three questions need to be answered to clarify how UL HARQ processes are used for the TTI bundling:

Question 1: Is the HARQ process pattern fixed or dynamic?

Question 2: Is there any limitation of the timing when an UL grant will be scheduled for the case if TTI bundling is configured?
Question 3: Are there always 4 transmissions for each bundle as long as the first transmission is generated?
Without these questions clarified and related issues specified, it’s difficult to ensure correct UE implemetatnion w.r.t HARQ process synchoronization between eNB and UE, e.g. to ensure the NDI comparing operation works correctly for the corresponding HARQ process for the upcoming UL transmission.

Proposal 1: Clarify within the group how HARQ processes are used for TTI bundling by answering the above 3 questions.

With different answers to these questions, there are 4 alternatives of HARQ process usage for TTI bundling:
Fixed pattern:

Alt 1: Fixed pattern. Ignore UL grants received within the bundle, i.e. understanding 1 in section 2.1. 
However, it needs to be further defined how the pattern works. It could be linked to SFN and the subframe number to avoid false starting of the pattern and the following correct UL grant are ignored. E.g. we could identify the HARQ process for the upcoming UL transmission by the following fomular similar to what we used in HSUPA [7], where the number of parallel HARQ processes is 4 for TTI bundling [4]:
CURRENT_HARQ_PROCESS_ID = floor ([10*SFN + subframe number] / TTI_BUNDLE_SIZE) mod the number of parallel HARQ process
Alt 2: Fixed pattern. Perform normal HARQ operation regardless of whether an UL grant is received within the bundle or not, i.e. understanding 3 in section 2.3., which means, the MAC specification needs to be modified so that there’re not necessarily 4 transmissions for each bundle. The fomular in alt 1 can be used for HARQ process identification.
Dynamic pattern:
Alt 3: Dynamic pattern. No timing limitation for UL grants scheduling, there’re always 4 transmissions for each bundle, i.e. understanding 2 in section 2.2. 
However, it needs to be specifed how a HARQ process is identified for an UL grant to avoid misalignment between eNB and UE because of a missing PDCCH. It could be linked to SFN and the subframe number. The fomular in alt 1 can be used for HARQ process identification for the first transmission of the bundle. The following 3 non-adaptive retransmissions using the same HARQ process ID as the first transmission.
Alt 4: Same HARQ process usage as alt 3. But w.r.t. identified HARQ process for an UL grant, consider the UL grant which does not align with any 16 ms RTT as for new transmission. For those which align with 16 ms RTT, the NDI is compared with the NDI in the UL grant received 16 ms ago. But problem still remain about buffer of which HARQ process the UE should flush for the new transmission. So solution for identifying HARQ process is still needed besides consider it as a new transmission.
Alt 1~3 all need a fomular similar to HSUPA for HARQ process identification. Nothing additionally needed for alt 2, while for alt 1, we need to further specify how the UL grant received within the bundle is ignored; and for alt 3 we need to have different HARQ operation for the first transmission of the bundle and the other transmissions of the bundle. Alt 4 is complex from MAC implementation the specification’s point of view. Therefore, we prefer alt 2 or alt 3 since they are the simple and have the least impact on the current specifications. 
Proposal 2: Identify the HARQ process for TTI bundling as: CURRENT_HARQ_PROCESS_ID = floor ([10*SFN + subframe number] / TTI_BUNDLE_SIZE) mod the number of parallel HARQ process. 
Proposal 3: Discuss the fomular should apply to all transmission of the bundle (alt 2) or only to the first transmission of the bundle (alt 3).

Besides, the introductory part in current MAC spec in the HARQ entity section does not align with the procedure and is misleading by saying “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.”, which implies the HARQ entity only identifies the HARQ process when an UL grant is indicated and non-adaptive retransmission is excluded. It does not align the procedure which specifies the HARQ entity should identify HARQ process each TTI. This is not only problem for TTI bundling, but also for the normal HARQ without TTI bundling configured. 
Proposal 4: Delete “if an uplink grant is indicated for the TTI” in the introductory of HARQ entity to align with the procedure.
4
Conclusion
This contribution discussed the HARQ usage for TTI bundling. It is proposed to clarify which understanding discussed in section 2 is the correct understanding and to solve the remaining issued after reaching a common understanding as discussed in section 3. CR for alt 2/alt3 and proposal 3 in section 3 is provided in [8] [9].
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