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1
Introduction
At RAN1 #74bis meeting it was agreed that [2]:

· When subframe bundling enhancement is enabled

· There is no restriction of resource allocation size (subject to existing resource allocation restrictions in UL grants)

· The modulation order is set to QPSK.

· Higher layer signaling is defined to enable/disable subframe bundling enhancement.

· FFS whether to reuse the Rel-11 subframe bundling signaling parameter or a new parameter

Further enhancements were proposed at RAN1 #74bis on following topics, e.g., 
· Modified TB size determination

· Rate matcher enhancement [3]

· Unified pattern for PUSCH and VoIP (from offline) 

In this paper, we share some results of medium data rate PUSCH throughput gains utilizing rate matcher enhancements discussed in our contribution [3] in the last RAN1 meeting. Also we give our view on the needed higher layer signalling related to indication of larger TB sizes. 

2
On modified signalling of larger TB sizes
Coverage enhancements for the medium date rate service take advantage from reduced overhead and more efficient turbo coding by allocating larger transport block sizes. As the modulation is fixed to QPSK for the subframe bundling, allocation of larger transport block size is signalled by MCS index in range 11-28 (TR 36.213 [4] Ch.8.6.1) as is done in the existing standard. Therefore no new higher layer signalling is needed to indicate the usage of larger TB sizes.
Observation 1:
Larger transport block sizes are signalled by allocating MCS index in range 11 – 28. There is no need to introduce new higher layer signalling to indicate the usage of larger TB sizes.
3
Performance of enhanced rate matcher
In our previous contribution [3] we have proposed modifications to rate matcher when subframe bundling is enabled in order to enhance its performance with higher TBS sizes. Our simulation results show that MCS indexes ranging from 20 to 28 are in scope of the proposed rate matcher improvements. 

In Figure 1 a throughput gain of about 2% at the simulated SNR points can be observed when the proposed rate matcher enhancements (green curve) are applied to subframe bundling. The lower blue curve stands for baseline case with subframe bundling and currently standardized rate matcher. SNR points covering medium data rate service are selected for rate matcher improvements simulation study. In these simulation results rate matcher starting point k0 in the circular buffer is modified in such way that the bits for the four subframes in the bundle are read contiguously from the circular buffer, i.e. there are no gaps between different RVs. Similar throughput gain with modified rate matcher is seen for other PRB allocations e.g. 3 and 5 PRBs. The simulation assumptions are given in Appendix. Outside the simulated SNR window, no gain is observed because the largest TBS sizes are already reached. Proposed change into TR 36.213 [5] in Section 5.1.4.1.2 for k0 is
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Where subframe bundle length E is defined for r-th code block as in [5] in Section 5.1.4.1.2:

if 
[image: image2.wmf]1

-

-

£

g

C

r


set
[image: image3.wmf]ë

û

C

G

Q

N

E

m

L

/

¢

×

×

=


else


set
[image: image4.wmf]é

ù

C

G

Q

N

E

m

L

/

¢

×

×

=


end if

C is number of code blocks, 
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is modulation order and NL defines number  of layers per transport block or is 2 for transmit diversity.
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Figure 1: Subframe bundling throughput gain with modified rate matcher vs current rate matcher.
Next, we look at which MCS indexes contribute to shown gains with modified rate matcher. Table 1 contains MCS indexes which are found to give throughput gain over Rel. 8 rate matcher, at SNR -3dB. The highest contributions to throughput gain are observed with MCS indexes 24-28 ([5] Section 5.1.4.1.2). 
Table 1: MCS indexes giving gain over Rel.8 rate matcher at SNR -3dB.
	MCS index
	24
	25
	26
	27
	28

	Throughput gain
	1.0%
	2.1%
	2.4%
	4.8%
	16.8%


Proposal 1:
When the TTI bundling is configured and MCS indices 24-28 are used, the starting points k0,rv1 , k0,rv2 and k0,rv3 are defined as 
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4
Conclusion
In this contribution, we have discussed possible standardization changes related to medium data rate PUSCH coverage enhancements. We have the following observation and proposal:
Observation 1:
Larger transport block sizes are signalled by allocating MCS index in range 11 – 28. There is no need to introduce new higher layer singnalling to indicate the usage of larger TB sizes.

Proposal 1:
When the TTI bundling is configured and MCS indices 24-28 are used, the starting points k0,rv1 , k0,rv2 and k0,rv3 are defined as 
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Appendix 

Table 1. Simulation assumptions
	Parameter
	Values used for evaluation

	Number of Tx antenna at the UE
	1

	Number of Rx antenna at the eNB
	2

	UL receiver type
	MMSE

	Channel estimation
	Practical 

	max. HARQ transmissions (no bundle/4 subframes bundling)
	8/4

	RTT (no bundle/4TTI)
	8ms/16ms

	HARQ process (no bundle/4 subframes bundling)
	8/4

	PRB size
	4

	Radio Channel
	EPA, 3km/h

	iBLER target
	10%

	Frequency hopping
	On, subframe based hopping

	Modulation and coding selection
	adaptive
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