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Introduction

In RAN#60, the work item (WI) on LTE coverage enhancements [1] was approved. The objectives of the WI are as follows:
…specify the required changes to improve coverage of the uplink data channel, targeting VoIP and medium data rate PUSCH and fulfil the following objectives, taking into account the study documented in TR 36.824.
… …

· Identify and specify necessary TTI bundling enhancements to improve coverage for uplink VoIP, potentially including at least one of the following aspects:
· HARQ timing

· Number of TTIs bundled, including fixed or flexible bundle size

· Time interleaving of bundled TTIs

· PUCCH format 3 structure type uplink transmission mode

Subsequently, an email discussion [2] was started in RAN1 reflector following the RAN1#74 in order to down select the potential coverage enhancement candidate schemes.
In this contribution, we provide our views on the different candidate schemes for TTI bundling enhancement in application to PUSCH VoIP transmissions.


Discussion

The following candidate solutions are considered for potential improvement of VoIP TTI bundling scheme [1]. The considered solutions are categorized into numerical options for ease of reference.
1. Reduction of RTT to 12ms or less
2. Increase the TTI bundling size
a. Fixed increase
i. Increase of bundling size to 20 TTIs
ii. Increase of bundling size to 10 TTIs
iii. Increase of bundling size to 8 TTIs, along with changing the SPS interval to 24ms
iv. Increase of bundling size to 5 TTIs
b. Use of flexible bundling size
3. PUCCH Format 3 like structure
In our previous contributions [3, 4] submitted during Rel-11 SI phase, we have provided in depth analysis and simulation results for the above mentioned TTI bundling enhancement schemes. 
Reduction of RTT to 12ms or less

For the TTI bundling enhancement Option 1 (Reduction of RTT to 12ms or less, shown in Figure 1) a total of 5 HARQ retransmissions are possible in 52ms. This will enable accumulation of up to 20 TTIs per VoIP packet while the legacy Rel-8/9/10/11 PUSCH TTI bundling solution used for VoIP transmission allows accumulation of total 16 TTIs per VoIP packet is possible. The coverage gain for Option 1 is between 1.2 to 1.7 dB [4]. In addition, assuming a 20ms packet arrival rate for VoIP, 100% subframe utilization is possible with this option. Comparing to the Option 2 (Increase the TTI bundling size), the initial TTI bundling size in this scheme is set to 4 TTIs, which is the same as in the Rel-8/9/10/11. Since for many UEs, the initial TTI bundle transmission can provide the desired coverage and fulfill the error requirement (i.e. additional retransmission is not required), the use of this option can provide similar resource utilization efficiency as the Rel-8/9/10/11 bundling. 

If Option 1 is introduced in the standard, new HARQ timing and new number of HARQ processes need to be introduced. A possible resource collision between the new HARQ timing and the existing legacy HARQ timing (with or without TTI bundling) may arise. Therefore, additional collision handling mechanism will be required at the eNB scheduler. 
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	Figure 1: TTI Bundling enhancement Option 1 (Reduction of RTT to 12ms)



Increase of bundling size to 20 TTIs
TTI Bundling enhancement Option 2.a.i (Increase the bundle size to 20 TTIs) can be implemented by using either a contiguous 20 TTI allocation (as shown in Figure 2(a)), or an interleaved allocation (as shown in Figure 2(b)) . In case of contiguous allocation, the maximum air-interface latency is reduced to 20ms. In contrast, Rel-8/9/10/11 TTI bundling mechanism may require air-interface latency of 52ms. However, due to continuous nature of allocation, the time diversity is not fully utilized leading to lower performance gains comparing to legacy solution and Option 1. With interleaved allocation, better performance can be achieved, however, the performance gain is still less than Option 1 [4]. This option lacks flexibility and is inefficient in terms of the system resource utilization, since a UE needs to make use of 20 TTIs to transmit a VoIP packet, which may be considered as too robust for the most of the packets. 
If this solution is introduced, new bundling size, new HARQ timing (i.e. no HARQ retransmissions), new HARQ processes and higher layer signaling will be needed. The eNB scheduler will need additional mechanism for collision avoidance with legacy HARQ processes. 
Considering the lack of flexibility and reduced performance gains, we do not prefer this option. 
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Figure 2: TTI Bundling enhancement Option 2.a.i (Increase the bundle size to 20 TTIs), 
(a) 20 TTIs, 1 ReTx, Contiguous TTI allocation,
(b) 20 TTIs, 1 ReTx, Interleaved TTI allocation example


Increase of bundling size to 10 TTIs
The link budget performance of TTI bundling enhancement Option 2.a.ii (Increase of bundling size to 10 TTIs, shown in Figure 3), is better comparing to Option 2.a.i, however worse comparing to Option 1 [4]. If introduced, new TTI bundling size, new HARQ timing, new HARQ process number and higher layer configurations needs to be defined. In addition, collision handling mechanism with legacy HARQ process will be required at eNB scheduler. As shown in Figure 3, in case of retransmission from previous VoIP packet, the new transmission from the current VoIP packet may be delayed by 10ms.
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Figure 3: TTI Bundling enhancement Option 2.a.ii (Increase the bundle size to 10 TTIs)
Increase of bundling size to 8 TTIs, along with changing the SPS interval to 24ms
With TTI bundling enhancement Option 2.a.iii (Increase of bundling size to 8 TTIs, along with changing the SPS interval to 24ms), a maximum of 3 HARQ retransmissions is possible within 50ms latency requirement. 
Assuming a VoIP packet arrival rate of 20ms, a 24ms SPS interval may lead to buffer overflow at the UE, as shown in Figure 5, which may end up with packet drop and VoIP call quality degradation. In addition, a 24ms SPS interval may cause additional delay for first transmission. For example, in Figure 4 we show that first transmission of VoIP packet #11 is only possible 40ms after the VoIP packet arrival. Dynamic scheduling can be used to avoid buffer overflow issue, however this will incur additional PDCCH overhead. Furthermore, even dynamic scheduling may lead to buffer overflow if 3 HARQ retransmissions are always used for the VoIP packet.

If this option is adopted, TTI bundling size, number of HARQ process, and higher layer configuration changes will be needed. 
Considering potential buffer overflow and additional delay problems due to mismatch of SPS interval and VoIP packet arrival rate, this option is not preferable.
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Figure 4: TTI Bundling enhancement Option 2.a.iii (Increase of bundling size to 8 TTIs, along with changing the SPS interval to 24ms), assuming all VoIP packet will require a maximum of 3 retransmissions
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Figure 5: Number of VoIP packets in UE buffer for Option 2.a.iii
Increase of bundling size to 5 TTIs
With TTI bundling enhancement Option 2.a.iv (Increase of bundling size to 5 TTIs), a total of 20ms energy accumulation is possible with 4 HARQ retransmissions considering 15ms HARQ RTT with a 50ms air-interface latency. This scheme provides good performance gain. 
If adopted, new TTI bundling size, HARQ timing, new number of HARQ processes and higher layer configuration need to be defined. However, this option may require increased amount of standardization efforts in terms of TTI bundling HARQ operation, which is not aligned with the existing legacy operation. Additionally, eNB scheduler will require collision handling mechanism between legacy HARQ process and Rel-12 UEs supporting this solution.
Use of flexible bundling size
In TTI bundling enhancement Option 2.b (Use of flexible bundling size), a flexible bundling size for a subset of the transmissions can be used. This scheme can make use of 20 TTIs of energy accumulation and provide good performance gains. A flexible bundling scheme can be implemented in different ways, e.g.
· By using a fixed combination of varying bundling size for each retransmission, e.g. [8 4 4 4] or [4 8 8] etc. Each VoIP packet can use the same combination of bundling sizes, or the combination may vary from packet to packet.
· By using a semi-statically defined combination of varying bundling size, using higher layer signaling.

· By using a virtual HARQ process, where Rel-8/9/10/11 HARQ bundling will be used to transmit up to 16TTIs using one HARQ process. One additional HARQ process will be used to transmit the additional 4TTIs using dynamic scheduling, however this HARQ process will be transparent from decoding perspective.
Depending on the exact mechanism used, the required specification changes can vary significantly. It is preferable to use a scheme that requires minimum standardization impact. If the fixed combination of varying bundling size [8 4 4 4] is adopted, then new bundling size and higher layer signaling need to be defined. With Rel-8/9/10/11 TTI bundling scheme with a SPS with 20ms periodicity, the four subframes after the first bundle transmission may be left unused. By use of a flexible bundling size of [8 4 4 4], this gap can be utilized [5]. Comparing to option 1, the use of large TTI bundle size during initial transmission in [8 4 4 4] scheme may results in lower resource utilization efficiency due to increased granularity – 8 TTIs. Other fixed combination of varying bundling size, e.g. [4 8 8], [4 8 4 4] etc. can be considered – however, except for [8 4 4 4] scheme, the initial TTI bundle transmission of one VoIP packet may collide with the TTI bundle retransmission of a previous VoIP packet.

Flexible bundling by use of virtual HARQ process will provide the most flexibility of implementation. Depending on the coverage requirement, eNB scheduler can initiate the additional bundle transmission. However, this will require additional signal indication – existing fields in DCI format 0 can be re-used for this purpose. Unlike the fixed [8 4 4 4] scheme, additional PDCCH control will be needed to indicate the extra bundle transmission, incurring higher overhead. 
Assuming, multiple possible realization alternatives which require further studies, increased specification impact and limited WI timelines, we do not prefer this option.
PUCCH Format 3 like structure
TTI bundling enhancement Option 3 (PUCCH Format 3 like structure) will introduce Rel-10 PUCCH Format 3 like CDMA channelization for VoIP. There is a lack of analysis showing benefits of this option. Introducing this option will require new channel coding schemes, resource mapping and configuration signaling. Considering significant standardization impact, this option is not preferable, unless significant performance gains over other simpler solution can be shown.

Summary
In Table 1, we summarize the specification impact by adopting different TTI bundling enhancement options.
Table 1. Specification impact comparison among different schemes

	Options
	1
	2.a.i
	2.a.ii
	2.a.iii
	2.a.iv
	2.b
	3

	Performance Gain
	Good
	Not Good
	Good
	Good
	Good
	Good
	Unknown

	New TTI bundling size
	X
	(
	(
	(
	(
	(
	-

	New HARQ timing
	(
	(
	(
	X
	(
	X
	-

	New HARQ process number
	(
	(
	(
	(
	(
	X
	-

	Standardization Impact
	Low
	Medium
	Medium
	Medium
	Medium
	Medium to High
	High

	Collision avoidance mechanism with legacy HARQ process
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	-

	Other
	
	
	
	Buffer Overflow
	
	
	


Conclusion

In this contribution, we discussed various TTI bundling enhancement option for VoIP coverage enhancement. Considering lower specification impact, improvement performance and efficient resource utilization, we propose to select the TTI bundling enhancement scheme Option 1 (Reduction of RTT to 12ms or less).

Proposal: Considering lower specification impact, good performance improvement and efficient resource utilization, select the TTI bundling enhancement scheme Option 1 (Reduction of RTT to 12ms or less).
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