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1. Introduction
The agreements on LTE coverage enhancements of UL VoIP in [1] are summarized as follows:
Possible alternatives (at least for FDD)

· Alt 1: 12ms RTT, TTI bundling size of 4 

· Alt 2: TTI bundling size of 20

· Alt 3: TTI bundling size 10

· Alt 4: TTI bundling size of 8

· Alt 5: TTI bundling size of 5

· Alt 6: Flexible bundling size

· Alt 6.1: Fixed bundling pattern of [8, 4, 4, 4, …]

· Alt 6.2: Dynamic scheduling of additional bundling over different HARQ processes (each HARQ process with a DCI) with a fixed bundling size of 4 for a same transport block

· Alt 6.3: Dynamic triggering of flexible bundling sizes (4 or 8) indicated by an information field in DCI

· Alt 7: TTI bundling size of 20, interleaved

· Alt 8: PUCCH format 3 based

Enhanced TTI bundling for UL VoIP will be selected from following the two alternatives for FDD:

· Alt1: Reduction of RTT to 12ms

· Alt6: Flexible bundling size

It is FFS for TDD.

Standardization and implementation impacts of the Alt1 and Alt6 for enhanced TTI bundling for UL VoIP are analyzed respectively. Based on the observations, some proposals on TTI bundling enhancements are provided to further on the enhancment.
2. Standardization and implementation impacts of the Alt1 and Alt6 for enhanced TTI bundling  for UL VoIP
a) Alt 1: 12ms RTT, TTI bundling size of 4
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Figure 1 The new DCI format 0 is used to enable TTI bundling
with 12ms HARQ RTT (
[image: image2.emf] means a new DCI format 0)
From the standardization perspective, the new number of HARQ processes and the new HARQ timing need to be defined in [3]. In addition, in order to enable Alt 1, the new DCI format 0 needs to be defined in [2] and [3], or the new higher layer signaling needs to be defined in [5].
Figure 1, it is shows how the new DCI format 0 is used for Alt 1.
Due to the unchanged bundle size, the use of Alt 1 can provide similar resource utilization efficiency as the legacy bundling. The possible resource collisions between the new HARQ timing and the existing legacy HARQ timing (with or without TTI bundling) may be increased. Therefore, the additional collision handling mechanism will be required at the eNB scheduler. 

b) Alt 6: Flexible bundling size
· Alt 6.1
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Figure 2 The new DCI format 0 is used to enable  fixedly borrowing 4TTIs
from another HARQ process (
[image: image4.emf] means a new DCI format 0)
Enabling Alt 6.1,  can also be triggered by a new DCI format 0 defined in [2] and [3] or a new higher layer signaling in [5].
As shown in Figure 2, the new DCI format 0 is used for Alt 6.1 to trigger the new bundling pattern.
Due to the increased subframe/bundle number for initial transmission, the use of Alt 6.1 will provide lower resource utilization efficiency than Alt 1. However, the collision handling to legacy bundling mode can be simpler. This is due to the same 16 ms RTT.
· Alt 6.2
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Figure 3 The new DCI format 0 is used to dynamically borrowing 4TTIs from another HARQ process
(
[image: image6.emf] means a leagcy DCI format 0, and 
[image: image7.emf] means a new DCI format 0)
Additional DCI format 0 needs to be dynamically transmitted for additional 4-TTI bundle.
From the standardization perspective, Alt 6.2’s impacts can be limited to RAN1. Specifically , the new DCI format 0 needs to be defined in [2] and [3], the new HARQ timing used for dynamic HARQ process resource borrowing needs to be defined in [3].
As shown in Figure 3, it is showed that the new DCI format 0 is used for Alt 6.2.
Considering relatively small VoIP payloads, as additional DCI format 0 will be transmitted frequently for coverage improvement, the control overhead related to Alt 6.2 will be significantly increased for TTI bundling enhancement. UE procedure should be defined for handling the new DCI.
· Alt 6.3
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Figure 4 The new DCI format 0 is used for dynamic triggering of 8 TTIs bundling
(
[image: image9.emf] means a leagcy DCI format 0, and 
[image: image10.emf] means a new DCI format 0)
Additional DCI format 0 needs to be dynamically transmitted for 8TTIs bundling.
From the standardization perspective, Alt 6.3’s impacts mostly can be limited to RAN1. Specifically , the new DCI format 0 needs to be defined in [2] and [3], the new bundle size and corresponding complicated HARQ operation (including multiple HARQ timings and HARQ process indexing) need to be defined in [3]. In addition, new bundle size need to be added in [4].
Alt 6.3 will have a reduce the resource consumption due to lower HARQ granularity. Considering relatively small VoIP payloads, as additional DCI format 0 will be needed at least once for 4TTI/8TTI toggling. The control overhead will be increased.
Similar as Alt 6.2, Alt 6.3 don’t need new higher layer parameter to enable bundling. It can reuse the parameter and turn on the enhanced bundle by DCI.
For Alt 1 and Alt 6, enhanced bunling can be triggered by DCI format 0. This could be done by new interpretation of a reused field in legacy DCI format 0. Example could be the redefining the TBS entries for those modulation order other than QPSK. Since QPSK is sufficient for VoIP. .
Specifically, these entries can be used to enable Alt 1 or Alt 6.1, or be used to indicate instantaneous HARQ transmission with 8TTIs bundle size in Alt 6.3. It can be used to indicate which HARQ process resource is borrowed in Alt 6.2, i.e. for a TB corresponding to a normal HARQ process, another HARQ process is also to be used. The borrowed process can be implicitly determined.
Compared with Alt 6.2 and Alt 6.3, Alt 1 and Alt 6.1 have less standardization impact and less implementation complexity. Alt 1 and Alt 6.1 can avoide to introduce additional DCI to trigger the enhanced bundling scheme, which is quite desirable for VoIP to minimize control overhead. In terms of compatibility, Alt 6.1 and Alt 6.2 can work better for network which have to support both Rel-8 and Rel-12 TTI bundling. The Alt 1 will require minimum standardization change. For trading off the simplicity and compatibility, Alt 6.1 or Alt 1 can be chose.
3. Conclusions
In this contribution, we analyzed standardization and implementation impacts of the Alt1 and Alt6 for enhanced TTI bundling for UL VoIP. With the above analysis and observation we propose: 
· We propose to consider the Alt 6.1 and Alt 1 as the candidates of TTI bunlding enhancement for UL VoIP.
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