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  Introduction
3GPP has identified the need to improve coverage for MTC applications as specified in [1].  More specifically, the goal of this study item is to achieve a 20dB improvement in coverage with respect to defined LTE cell coverage for “normal LTE UEs” (assume category 1 LTE UEs) for low-cost MTC UEs, using very low rate traffic with relaxed latency (e.g. size of the order of 100 bytes/message in UL and 20 bytes/message in DL, and allowing latency of up to 10 seconds for DL and up to 1 hour in uplink, i.e. not voice).  Reference [2] has identified that coverage is limited by PUSCH and PRACH.  In the following section, a technique is described to provide coverage enhancement for PUSCH.
PUSCH coverage Improvement through variable TTI bundling and variable length code spreading
Reference [3] addresses the issue of coverage enhancement using transmission time interval (TTI) bundling with retransmissions, which involves repeating the coded bits [same code (turbo codes rate 1/3), but with different redundancy version indices for initiating the cyclic- buffer rate-matching]. An alternative way of achieving repetition is to use spreading, which has the additional benefit of increasing the robustness with respect to interference. A similar structure to that of PUCCH format 3 (F3) [4] could be used in order to add the spreading dimension. TTI bundling combined with F3 spreading can provide coverage gain and can accommodate up to 5 users in the bundled TTIs. Increasing the bundling size from 4 to 8 is studied in several 3GPP technical documents, such as [5], where it is also shown that if the delay bound can be relaxed, as suggested by the study [1], the number of uplink (UL) sub-frames for one packet should be increased to improve coverage.
Figure 1 below outlines a generic frame structure for using variable CDMA coding and variable TTI bundling.  In this structure each sub-frame is spread using a CDMA code of length Ns.  
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Figure 1 Structure for Variable TTI bundling with Variable CDMA spreading for PUSCH

Table 1 List of variables 
	Variable
	Description

	NS
	CDMA code spreading factor length.

	NB
	Number of spreading blocks bundles (i.e. TTI bundles)



Using NS orthogonal spreading codes, up to NS UEs can be simultaneously scheduled to transmit within the same resource block given each UE CDMA gain. The number of spreading blocks, NB, provides coding redundancy. The values of NS and NB may be dynamically adjusted by the eNB based on the required coverage of each UE and the number of active users that need to be accommodated. The degree of coverage improvement and spectral efficiency (relative to a resource block with no spreading and no TTI bundling) that can be achieved can be estimated as follows[footnoteRef:1]: [1:  The actual coverage gain for a given BLER target can be determined via simulations.  The above expression can be interpreted as a first degree approximation.] 

Relative Coverage Gain = 10log10(Ns) + 10log10(NB)   dB
User data rate, Ru = TBS/(NsNB)  kbps
Relative Efficiency = 1/NB

In order to preserve the resource block size and PDCCH efficiency, the number of sub-frames in a spreading block should equal Ns, and to simplify the CDMA spreading (e.g. to not have spreading span sub-frames), Ns should be a sub-multiple of the number of REs in PRB pair = 144 (e.g. NS can equal 1,2,3,4,6,9,12,16,…., 144).  Signaling NB and Ns to a particular UE will require modification to RRC signalling or perhaps a more dynamic method such as new parameters in the DCI message.
Table 2 below shows some possible combinations of CDMA spreading (Ns) and TTI bundling (NB). The data rate is calculated assuming Itbs=7 and TBS=104 bits but any Itbs could be used). As a general rule, Ns should be chosen to be small enough to fill in the required number of users and NB can then be chosen to provide the remaining coverage gain, as estimated by the expression above, which should give the scheduler sufficient flexibility to allocate resources efficiently.
Table 2  Example Spreading and Bundling Combinations for TBS = 104


One drawback of fixed TTI bundling and fixed CDMA spreading considered in [3] and [5] is that these methods may result in inefficient scheduling and may be unable to adjust for the required coverage gain. More specifically, constantly increasing the TTI bundling size will reduce spectral efficiency, while using only code spreading will result in the need for long spreading codes. The long spread codes will result in a large number of resource blocks required to be CDMA spread. This in turn could possibly create difficulties for the scheduler to fill in all the CDMA resources. Using a combination of these two techniques would give the scheduler increased flexibility to allocate resources in a more efficient manner. 
Proposed changes to 36.888 

8.x Coverage Enhancement Solutions and Evaluation

Editor’s Note: need some text to introduce the section and the following table. 

	Coverage improvement solution
	LTE channel
	Degree of improvement over baseline MCL (from Table 5.2.1.2-2 in TR 36.888)
	Impact on current spec
	Specific conditions/comments

	Variable TTI bundling with Variable CDMA spreading
	PUSCH
	> 20 dB for data rates on the order of  1 kbps (relative to Itbs=7) 

	Adoption of proposed PUSCH structure using variable length TTI bundling with variable length code spreading.
Modifications to DCI messaging and/or RRC signalling will be required.

	Achieves two degrees of adjustment for coverage gain, which results in more flexible scheduling and CDMA spreading results in better spectral efficiency than just TTI bundling.




Conclusions
We have proposed a flexible PUSCH structure that combines variable TTI bundling length with variable CDMA spreading length that can  yield +20dB of coverage improvement in a manner that can be spectrally efficient and allows flexible scheduling options.  
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				SF Length
NS		# of Spreading Blocks NB		Relative Coverage Gain (dB)		Relative Efficiency		Data Rate (kbps)
(ITBS=7,TBS=104)

				2		6		10.8		17%		8.7

				6		2		10.8		50%		8.7

				9		12		20.3		8%		1.0

				12		9		20.3		11%		1.0

				72		1		18.6		100%		1.4






