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1 Introduction
At the 68bis meeting, there was a lot of discussion on coverage enhancement. The conclusions of the 68bis meeting on this issue are as follow:
Observation based on results so far:

· The coverage of medium data rate PUSCH and UL VoIP can potentially be improved by approximately 1 dB by TTI bundling enhancements relative to R10 techniques

Next step of SI until RAN1#69:

Further investigate the details of TTI bundling enhancements for UL VoIP and medium data rate PUSCH, and the investigation should at least consider:

· Standard impact

· Analysis of network impacts e.g. VoIP capacity, identification of the scenarios in which the enhancements are useful (system level simulations are not mandatory),  

· Latency:

· Max around 50 ms for VoIP 

· For medium data rate, proponents should provide latency target assumption or statistics for their simulations
This contribution provides more analysis and a text proposal for the conclusion in [1].
2 Specification and implementation impacts
For VoIP enhancement, the potential solutions discussed are as following:
· Dynamic scheduling

Semi-persistent scheduling was introduced to save the control signaling overhead and it can be used for VoIP service. For coverage limited user, dynamic scheduling can be used instead to improve coverage by more than 2dB due to frequency selective gain [2]. 
For dynamic scheduling, no additional standard or implementation effort is needed. 

· TTI bundling enhancement

In the last meeting, the maximum delay of VoIP packet was assumed to be around 50ms, which means the Rel-8/9/10 scheme can allow maximum 16 transmissions for a single VoIP packet for FDD when RLC segmentation is not considered. TTI bundling enhancement should allow maximum 20 transmissions for a single VoIP packet for FDD within around 50 ms 

For TTI bundling enhancement, additional standard and implementation effort may include:
· Introduction of a larger TTI bundling size.

· Introduction of new RTT and new HARQ timing for the larger TTI bundling size.

· New transmission format

It was mentioned that new uplink transmission format can be considered to further enhance VoIP coverage, e.g., format 3 like transmission [13,14]
For new transmission format, additional standard and implementation effort at least includes:

· New PUSCH physical resource mapping scheme 

· New PUSCH spreading scheme

· New RTT and HARQ timing
· New bundling size

· Additional impact on RAN4 

For enhancement of PUSCH with medium data rate, the potential solution discussed is as following:

· TTI bundling enhancement (enabling TTI bundling)
To allow TTI bundling of PUSCH with medium data rate, the restriction of only QPSK modulation and resource allocation up to 3PRBs needs to be relaxed, i.e., to allow higher order modulation and/or more PRBs for TTI bundling.

For TTI bundling enhancement for PUSCH with medium data rate, additional standard and implementation effort may include:

· Removing the restriction of QPSK modulation only and/or
· Removing the restriction of resource allocation up to 3PRBs

3 Network impacts of potential solutions

For VoIP enhancement, 
· Dynamic scheduling requires additional downlink control signaling overhead compared to semi-persistent scheduling.

· TTI bundling enhancement and new transmission format may both may have negative impact on VoIP capacity. In the existing schemes, UE can stop retransmission once HARQ-ACK is received after every single transmission or every 4 TTI bundle. With TTI bundling enhancement, a TTI bundling size N is used and UE can only stop retransmission after every N TTI bundle, where N is usually considered to be 8, 10 or 20. With new transmission format, the similar impact exists as for TTI bundling enhancement [13]. 
For enhancement of PUSCH with medium data rate,
· The network impact of enabling TTI bundling enhancement is marginal.
4 Text Proposal
Text Proposal for sections 6 and 7 of TR 36.824

---------------------------------------------Start text proposal----------------------------------------------------------

6. Potential Solutions for Coverage Enhancements
TTI bundling is specified as follows in Release 8/9/10 to improve UL coverage: 

· A single transport block is channel coded and transmitted in a set of 4 consecutive TTIs. 
· The bundled TTIs are treated as a single UL resource assignment where a single UL grant and a single PHICH ACK/NACK are required. 
· TTI bundling is activated through RRC. 
· HARQ RTT and HARQ process of TTI bundling are specified.

In the Release 8/9/10 specifications, the TTI bundling mechanism is restricted to bundles of 4 TTIs, QPSK modulation and to allocations up to 3 PRBs. For VoIP, these constraints leave some room to further improve the amount of energy transmitted per information bit, and thus the coverage. Higher data rate services can potentially benefit from reduced overhead and larger coding gain resulting from larger transport block sizes associated with TTI bundling. These constraints impose restrictions on the support of large packet sizes, thus limiting the benefit for data services.
It is agreed to further investigate TTI bundling enhancements for both medium data rate and VoIP in UL. The following potential enhancements have been proposed:

· To further study the changes to HARQ RTT, HARQ process and the number of bundled subframes.

· To further study the support of larger transport block sizes.

· To further study the configuration/signalling mechanisms.

· Both L1/higher layer protocols overhead and latency should be considered.

The minimum gain for consideration of specifying the potential solutions is 1dB for both medium data rate and VoIP in UL.

6.1 Observations for the potential solutions

For VoIP enhancement, the potential solutions discussed are as following:

· Dynamic scheduling

Semi-persistent scheduling was introduced to save the control signaling overhead and it can be used for VoIP service. For coverage limited user, dynamic scheduling can be used instead to improve the coverage by more than 2dB frequency selective gain. 

· TTI bundling enhancement

In the last meeting, the maximum delay of VoIP packet was assumed to be around 50ms, which means the Rel-8/9/10 scheme can allow maximum 16 transmissions for a single VoIP packet for FDD, when RLC segmentation is not considered. TTI bundling enhancement should allow maximum 20 transmissions for a single VoIP packet for FDD within around 50 ms 

· New transmission format

It was mentioned that new uplink transmission format can be considered to further enhance VoIP coverage, e.g., format 3 like transmission
For enhancement of PUSCH with medium data rate, the potential solution discussed is as following:

· TTI bundling enhancement (enabling TTI bundling)
To allow TTI bundling of PUSCH with medium data rate, the restriction of only QPSK modulation and resource allocation up to 3PRBs needs to be relaxed, i.e., to allow higher order modulation and/or more PRBs for TTI bundling.
The coverage of medium data rate PUSCH and UL VoIP can potentially be improved by approximately 1 dB by TTI bundling enhancements relative to R10 techniques, where around 50ms latency is assumed for VoIP service.
The coverage of UL VoIP can be improved by more than 2dB by dynamic scheduling.
6.2 Specification and implementation impacts of the potential solutions
For VoIP enhancement,

· Dynamic scheduling 

No additional standard or implementation effort is needed. 

· TTI bundling enhancement

Additional standard and implementation effort may include:
· Introduction of a larger TTI bundling size.

· Introduction of New RTT and new HARQ timing for the larger TTI bundling size.

· New transmission format

Additional standard and implementation effort at least includes:

· New PUSCH physical resource mapping scheme 

· New PUSCH spreading scheme

· New RTT and HARQ timing
· New bundling size
· Additional impact on RAN4 

For enhancement of PUSCH with medium data rate, 

· TTI bundling enhancement (enabling TTI bundling)
Additional standard and implementation effort may include:

· Removing the restriction of QPSK modulation only and/or
· Removing the restriction of resource allocation up to 3PRBs

6.3 Network impacts of the potential solutions

For VoIP enhancement, 

· Dynamic scheduling requires additional downlink control signaling overhead compared to semi-persistent scheduling.

· TTI bundling enhancement and new transmission format both may have negative impact on VoIP capacity. With the existing schemes, UE can stop retransmission once HARQ-ACK is received after every single transmission or every 4 TTI bundle. With TTI bundling enhancement, a TTI bundling size N is used and UE can only stop retransmission after every N TTI bundle, where N is usually considered to be 8, 10 or 20. With new transmission format, the similar impact exists as for TTI bundling enhancement. 
For enhancement of PUSCH with medium data rate,

· The network impact of enabling TTI bundling is marginal.
7 Conclusions

It was identified that the bottlenecks of the coverage are PUSCH with medium data rate and PUSCH with VoIP service assuming the delay requirement is around 50ms.
For VoIP coverage enhancement, three solutions discussed include dynamic scheduling, TTI bundling enhancement and new transmission format. 
· Dynamic scheduling does not have specification impact. It requires additional downlink control signaling overhead compared to semi-persistent scheduling.
· TTI bundling enhancement has specification impact on RTT and HARQ timing. It may have negative impact on VoIP capacity. 

· New transmission format has bigger specification impact on PUSCH resource mapping, spreading, RTT and HARQ timing. It may have negative impact on VoIP capacity


For coverage enhancement of PUSCH with medium data rate, relaxing the restriction of current TTI bundling scheme was discussed, including removing the restriction of QPSK modulation only and/or removing the restriction of resource allocation up to 3PRBs, with marginal network impact.
In view of above observations, the implementation solution of dynamic scheduling can be considered to enhance the VoIP coverage. In addition, other solutions with limited standard and implementation effort can be considered, such as relaxing the restriction of Rel-8/9/10 TTI bundling scheme.
---------------------------------------------------End text proposal-----------------------------------------------------
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