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Introduction
A Work Item to investigate proposals for improvement of the range of the 2msec HSUPA TTI and their benefits and standardise a suitable solution was approved at RAN#43. The aim of the proposals is to enable operation of HSUPA in large cells without the need for configuring 2 TTI lengths for handling coverage near to the cell edge. 
Repetition and TTI length switching are two proposals and are discussed in a companion paper. MAC segmentation, which is available from Release 8 can be considered as the state-of-the-art reference technique against which the proposed new coverage enhancing techniques should be evaluated. VoIP PDUs can be segmented into smaller PDU sizes and transmitted in multiple HARQ processes with this Release 8 feature. Each sub-PDU will require an additional header, somewhat increasing overhead, however the sub-PDUs will still be smaller in size than the VoIP PDU. The UE will be able to dynamically select MAC segmentation where necessary (as long as the required number of HARQ processes are enabled) and make optimal use of CPC.

This paper investigates and discusses the performance benefits for MAC segmentation.
This document is an update to R1-091556.

Latency impacts of segmentation

Previous simulations of MAC segmentation have assumed a maximum of 4 transmissions, using 3 segments. When the UE is coverage limited, then it will use all 4 transmissions all of the time. Assuming VoIP packets arriving every 20msec, segmentation could increase the VoIP delay to up to 90msec, as illustrated below. 

In the following table, Px indicates HARQ process x and Vn a segment of VoIP packet n.
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In the above example, VoIP packets arrive every 20msec. Note, for example that V4, which arrived at 60msec is not fully received until after 150msec; a delay of 90msec. This example is somewhat optimistic as it does not take into account timing jitter in the packet arrival, nor the need to fit in SRB and other signalling.
We consider such delays to be unacceptable for VoIP and hence consider that segmentation should be modelled using 2, or at most 3 maximum HARQ transmissions.

Coverage gain from segmentation

Link level simulations have been performed in order to calculate the coverage gain achievable using MAC segmentation. Simulation assumptions are given in table 1 below. It should be noted that where MAC segmentation is applied, the BLER is assumed to be the composite BLER of all of the sub PDUs.
	Parameter
	Value

	Transport block sizes
	320 (1 segment), 185 (2 segments), 133 (3 segments), 120 (4 segments)

	E-DPCCH power offset
	0dB

	Channel model
	TU6

	BLER target
	1% on VoIP PDUs

	Maximum transmissions
	2 (2msec TTI), 1 (10msec TTI)


As discussed above, we assume 2 maximum transmissions for segmentation, in order that also when SRB is present the VoIP latency budget assumed for the existing 2msec TTI can be honoured.

The simulation results are shown in figure 1, compared with the coverage of the 10msec TTI. Coverage gains are achieved by segmentation for up to 3 segments. With more than 3 segments, no further coverage gain is obtained due to the minimum E-TFC size. Even if the E-TFC size were to be redefined to allow for lower transport block sizes, increasing MAC and CRC overhead and decreasing FEC coding efficiency would severely limit any further coverage improvement.
The figure indicates than MAC segmentation is not able to improve the coverage to the same level as that obtained using the 10msec TTI with 1 10msec TTI transmission. In fact, it could be possible to transmit the 10msec TTI twice within the delay budget, in which case MAC segmentation falls far short of 10msec TTI coverage. Furthermore, the coverage improvement obtained using VoIP segmentation of 3dB above a 2msec TTI with 2 transmissions suggests that when compared with a 2msec TTI and 4 transmissions, segmentation would give not any coverage gain at all.
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Figure 1 Coverage improvement using MAC segmentation
Downlink ACK/NACK overhead

For HSUPA with several segments to operate, then ACK/NACKs must be sent in the downlink relating to each of the uplink PDUs. Thus, with N segments, the ACK/NACK overhead is increased by a factor N. Furthermore, since a 2msec TTI is in operation, the E-HICH length is 2msec, compared with 8msec used when the TTI is 10msec needing ~6dB more power per transmitted acknowledgement.

A simple link budget calculation for a 2msec TTI/MAC segmentation solution based on the RAN4 performance requirements considering 4 segments and 95th percentile coverage in the  downlink is shown below in table 1. Table 2 then shows the same calculation for a 10msec TTI.
	Parameter
	Value

	Ior/Ioc at 95% coverage
	-6dB

	Ec/Ior requirement @ 0dB Ior/Ioc
	-28.3 (Serving cell, no SHO)

-23.2 (Serving cell, SHO)
-16.3 (Non serving cell)

	Ec/Ior for E-HICH for UE @95%
	-22.3dB (Serving cell, no SHO)
-17.2dB (Serving cell, SHO)

-10.3dB (Non serving cell)

	Percentage of Node B power per UE for ACK/NACKs to all segments
	0.6% (Serving cell, no SHO)
1.9% (Serving cell, SHO)

9% (Non serving cell, SHO)


Table 1 Downlink overhead calculation for MAC segmentation
	Parameter
	Value

	Ior/Ioc at 95% coverage
	-6dB

	IorIoc requirement @ 0dB Ior/Ioc
	-35.1 (Serving cell, no SHO)

-29.7 (Serving cell, SHO)

-23.6 (Non serving cell)

	Ec/Ior for E-HICH for UE @95%
	-29.1 dB (Serving cell, no SHO)

-23.7dB (Serving cell, SHO)

-17.6dB (Non serving cell)

	Percentage of Node B power per UE for ACK/NACKs to all segments
	0.1% (Serving cell, no SHO)

0.4% (Serving cell, SHO)

1.7% (Non serving cell, SHO)


Table 2 Downlink overhead calculation for semi-static 10msec TTI

Consider a MAC segmentation based solution with 4 maximum transmissions (even though this would have severe delay implications, as discussed above). With VoIP packets arriving continuously, as indicated above, each coverage limited UE would be continuously using all of the HARQ processes. Thus, each coverage limited UE would require about 2% of the Node B downlink resources for E-HICH. If 5% of the UEs are coverage limited, then with 40 UEs, about 2 UEs would be coverage limited requiring 4% overhead; if 80 VoIP users were being served then the DL overhead would be 8%. Furthermore, this analysis is assuming that the worst case geometry is -6dB; in practice it could be worse and imply an even higher downlink overhead.

Capacity impacts

Segmentation into smaller segments implies a higher overhead for MAC headers and potentially some padding to align with the TFC sizes. Also, smaller block sizes may reduce the efficiency of the FEC coding. This may lead to some capacity impact, although this is likely to be limited as it will only be generated by terminals that are using segmentation. Table 3 indicates the amount of additional bits transmitted for 2, 3 and 4 segments compared with a single segment, for a VoIP PDU

	Number of segments
	Overhead increase

	1
	320 bits/ 0%

	2
	185 bits / 15%

	3
	133 bits / 25%

	4
	120 bits / 50%


Table 3 Increase in MAC header and padding bits as a result of segmentation
Conclusion

This paper has examined the use of MAC segmentation for extending the range of the 2msec TTI. Such segmentation would allow for some range extension for the uplink. The scope for range extension is limited by the minimum E-TFC size to around 3 segments. If the latency for the VoIP is to be kept below 50msec, then it is likely that no more than 2 maximum transmissions can be allowed for MAC segmentation. In this case, MAC segmentation does not achieve the coverage of a 10msec TTI even with 1 transmission of the 10msec TTI, and does not achieve any coverage improvement when compared with a 2msec TTI and 4 transmissions.

This compares with repetition or TTI length switching, where the coverage improvement can be set and grows linearly with the amount of repetitions or length of the TTI, and with which 10msec TTI equivalent coverage can be achieved within the existing latency budget.
MAC segmentation may have some capacity impact due to an increase in the total amount of transmitted bits. The increase is not likely to be large. However a much more significant drawback with the use of MAC segmentation is the not insignificant downlink overhead incurred by the multiple short E-HICH channels. On the other hand, fast TTI length switching or repetition actually reduces the use of E-HICH when the link is bad, thus limiting the impact to downlink resources.

In summary:

· MAC segmentation cannot achieve any gain at all whilst honouring the latency budget of 2msec TTI/4 transmissions

· Even if the latency budget is doubled to allow for MAC segmentation, then the E-HICH transmissions will eat into downlink capacity by 5-10%.

Thus we conclude that, in order to provide coverage at least as good as the 10msec TTI without the need for TTI reconfiguration, a more powerful technique than MAC segmentation is required.
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