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1
Introduction
In this paper, we review necessary specification changes in order to get enhanced coverage for medium data rate PUSCH users. In [1], the following potential impact on the specification was seen when considering the subframe bundling enhancements:
· allocating more than 3 PRBs per subframe
This contribution considers other possible specification related changes when the subframe bundling is combined with medium data rate service. One aspect in this contribution is to consider rate matcher performance issues when the subframe bundling is applied. Another topic which is discussed in this contribution is the subframe bundling configuration for Rel. 12.
2
Subframe bundling configuration for Rel. 12
Rel. 8 subframe bundling as well as the VoIP traffic enhancement is targeted to cell edge conditions. This can be seen e.g. from the effective code rates that are supported. For example, allocation with ITBS 8, which corresponds to roughly ½ code rate with one subframe transmission, is reduced to ~0.12 effective code rate after 4 subframe transmission. 

On other hand, the medium data rate service has considerably higher user data rate target than VoIP service. Coverage enhancements for the medium date rate service take advantage from reduced overhead and more efficient turbo coding by allocating larger transport blocks. The same effect is achieved in non-power limited situation by extending resource allocation in frequency with larger PRB allocation. Now in power limited situation, resource allocation is extended in time over multiple subframes, resulting in larger transport blocks. The target with the subframe bundling is to increase TB size when compared to a non-subframe bundled allocation.  Rel-8 defines that the modulation order used with the subframe bundling is set to QPSK, and TBS index is defined using MCS index.  Larger transport block sizes can be signalled according to existing standard simply by allocating MCS index in range 11-28. 

Another limitation in Rel. 8 bundling design is that the subframe bundling is enabled currently for 1 - 3 PRB allocation. As medium data rate has a higher user data rate target, the limitation of maximum 3 PRB needs to be reconsidered. When considering 384 kbps medium data rate service with channel coding rate of 1/3 and providing some extra room for HARQ operation due fading in radio channel then we can see that resource up to 6 PRB needs to be supported. 
Proposal 1:
Only QPSK modulation is used in case of subframe bundling. Larger TB sizes are signalled by allocating MCS index in range 11 – 28 (but still using QPSK)
Proposal 2:
Remove PRB allocation limitation for the subframe bundling in Rel. 12.

3
Rate matcher enhancements
Currently subframe bundling is supported well for lower data rate services like VoIP. As shown in our earlier contribution [2] potential 0.8dB coverage gain (or 20% throughput gain) may be achieved for the medium data rate with the subframe bundling with 4 PRB. However, there exists a performance problem with 3GPP rate matcher when the subframe bundling is applied. As discussed in previous section, the subframe bundling for the medium data rate PUSCH aims for coverage enhancement by allowing for larger transport block sizes. On other hand, channel coding and rate matching operate per subframe basis. When looking from single subframe operation viewpoint, the allocated transport block sizes can be extraordinary. The resulting code rate can be above 1 when code rate is measured over single subframe.  The bundling increases the amount of channel coding symbols for the rate matcher compared to Rel. 8 with non-subframe bundling transmission. On the other hand, there will be still the same number of available symbols per sub-frame at the output of the rate matcher. The starting point k0 in the circular buffer to start reading bits is defined in Section 5.1.4.1.2 in [4] by
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where:
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is number of  rows in sub-block interleaver,

rvidx is the redundancy version number for each transmission (rvidx = 0, 1, 2 or 3) and
 Ncb is number of bits in circular buffer.
The starting position of each redundancy version (or subframe in a bundle) is fixed as shown in Figure 1. The first starting point is selected such that about 6% of systematic bits (
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) are punctured from the first subframe in the bundle.  Second starting point is defined so that about 81% of the systematic bits are punctured. In the example in Figure 1 VoIP transmission with subframe bundling is presented. The bits transmitted in one subframe are shown with the dotted line box in Figure 1. Starting position for the first subframe in the bundle is indicated with k0,rv0 . The starting position of other three subframes in the bundle are marked with k0,rv1, k0,rv2 and k0,rv3 . For a VoIP packet of 328 bits, the first subframe in the bundle will cover all systematic bits after starting point k0,rv0 until k0,rv1. About 6% of systematic bits are puctured which is evaluated in 3GPP studies to be close to optimal puncturing ratio of systematic bits in the rate matcher. However, this is not the case when effective coding rate (measured over subframe bundle) is increased above ~1/3. We have noticed that more than 6% of systematic bits will be punctured because increasing portion of systematic bits preceeding the second starting point are punctured from the first transmission – and not included to any other redundancy version either.  For example, for effective coding rate of around 0.6, there will be 35% of systematic bits being punctured from the subframe bundle. As a result, the coding performance can be decreased with the subframe bundling for the medium date rate PUSCH, considerably degrading the achievable coverage enhancement.
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Figure 1: Collection of subframe bits from circular buffer in rate matcher.
To solve this problem we propose to modify definition of starting point k0 in the rate matcher when the subframe bundling is configured so that systematic bits are not punctured too much in order to maintain efficient coding performance. One way is to modify e.g. the starting point k0,rv1 position (for the subframe bundling only) so that the second starting point gets closer to the end of the first subframe symbol block (resulting in close to 6% puncturing of systematic bits of the subframe bundle). The modification can be further limited to coding rates (or MCS values) suffering from the problem. 
Proposal 3:
When the subframe bundling is applied, the starting point k0,rv1 is modified in such way that about 6% of systematic bits are punctured in a subframe bundle.
4
Conclusion
In this contribution, we have discussed possible standardization impacts for medium datarate enhancements. Following proposals are found important to enable proper means for these enhancements.
Proposal 1:
Only QPSK modulation is used in case of subframe bundling. Larger TB sizes are signalled by allocating MCS index in range 11 – 28 (but still using QPSK)

Proposal 2:
Remove PRB allocation limitation for the subframe bundling in Rel. 12.

Proposal 3:
When the subframe bundling is applied, the starting point k0,rv1 is modified in such way that about 6% of systematic bits are punctured in a subframe bundle.
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