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Introduction
[1] has brought up the possible UL coverage issue for large cells in E-UTRA. At the same time as raising the issue, [1] has proposed bundling multiple subframes for transmissions over the UL to alleviate the problem. Another possible way to alleviate the UL coverage issue is fragmenting the packet transmission at L2 so that the transmission of a packet can take place over, effectively, multiple HARQ processes.  

This contribution examines the issue of UL coverage for VoIP using system simulations and characterizes the impact of the extra overhead incurred by L2 fragmentation. 
2 System Capacity Results 
We simulate the UL VoIP capacity for the case where there is L2 fragmentation and the case where there is UL packet bundling. 

A simulation scenario with large cells (site to site distance of 1.732 km) and 20 dB penetration loss (simulation scenario D3) is considered for this evaluation as it is known to be a challenging scenario from the point of view of UL coverage.

The results are summarized In Table 1: 
Table 1:UL VoIP capacity 
	#UEs
	170
	180
	180
	190

	Transmission scheme 
	L2 fragmentation
	L2 fragmentation
	Subframe bundling
	Subframe bundling

	95% delay
	37ms
	56ms
	45ms
	53ms

	Outage
	 2.4 %
	5.9%
	4.1%
	5%

	IoT
	4.0dB
	4.3dB
	4.3dB
	4.5dB


Note that only two segmentation levels are considered, i.e., if a VoIP packet is fragmented, it can be divided into 2 or if necessary 4 segments. Each segment introduces additional overhead due to CRC, MAC and RLC header. The total additional overhead per segment is 5 bytes. 

As it can be seen from the results, the impact of overhead on the overall system capacity is small (around 6-7% at the point of 5% outage and 50ms delay). Since the comparison only accounts for the segmentation overhead and not the UL scheduling constraints associated with the subframe-bundling scheme, it is expected that the performance for the subframe-bundling scheme will, in reality, be reduced.  
At the same time, the system simulation does not account for PHICH errors. The L2 fragmentation scheme is more sensitive to the PHICH error rate as more transmissions will be made and therefore more PHICH transmissions will be required per VoIP packet. However, this impact is not expected to be significant. The concern from [1] that many retransmissions per VoIP frame could increase VoIP frames errors beyond 2% is valid if PHICH errors are higher than 0.1%, i.e. consistent with the error requirements in [2]. On the other hand, if that error requirement for PHICH cannot be guaranteed, the issue could exist.   

The reason for relatively small performance difference is that a relatively small fraction of UEs require fragmentation. In our simulation, only 8% of UEs had their VoIP packet divided into 2 segments and 10 % of UEs had their packets divided into 4 segments. All remaining UEs did not require segmentation.

Note that  random access procedure is designed having in mind that 72 bits can be transmitted in 3 transmissions over 1 ms TTI for the absolute worst case cell edge UEs. This roughly translates to 144 bits over 50 ms (6 transmissions), which means that for a vast majority of UEs that have a link budget issue single segmentation would be sufficient. If 72 bits cannot be supported, UEs simply cannot complete the required signaling procedure to access the system and therefore RACH becomes the UL coverage bottle-neck. 

3 Conclusion
As we showed in Section 2, the performance difference for D3 scenario between L2 fragmentation and subframe-bundling is in the order of 6-7%. 

If we want to recover this 6-7% performance difference we can look at the specification of a subframe-bundling scheme. However, it is important to note the following impacts: 

· Significant impact on the UL scheduler

· Potential for more collisions, which leads to more complicated scheduler and more frequent usage of PDCCH to schedule retransmissions – increased PDCCH overhead and therefore reduced system capacity
· Impact on UL hopping - not clear how subframe-bundling would operate in the presence of UL hopping and PHICH transmissions

· Impact on PHICH association to UL transmissions
If the increase in VoIP residual error rate due to a larger number of PHICH transmissions per VoIP packet is, indeed, a concern (note that in this case, the PHICH error requirements set forth in [2] would not be satisfied), we should look at alternative ways to solve the problem not incurring into so much impact on implementation and specification at this stage. 

A relatively easy solution for this potential issue would be that the number of occasions that the UE monitors PHICH is reduced. For example, UEs may ignore PHICH up until the “n”-th retransmission, and always retransmit until the “n”-th transmission. Such scheme would effectively reduce the variability of HARQ termination statistic. However, the system loss is expected to be relatively small because only a small percentage of UEs in large cells would be affected.
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