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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]New WID for MTC was agreed in RAN #65 [1]. One of the objectives is coverage enhancement corresponding to 15 dB for FDD for the Rel.13 low complexity UE category/type. In order to achieve 15dB coverage enhancement, repetition over multiple subframes is one of necessary solutions. This contribution proposes to have multiple subframe code spreading on top of the repetition. Simulation results show no performance degradation from near-far effect.
Multiple subframe code spreading
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]In order to achieve 15 dB coverage enhancement, repetition over multiple subframes is one of necessary solutions. Repetition degrades significant spectral efficiency for both control and data channels since more physical resources are occupied. Techniques to mitigate the loss by repetition are necessary.
One method to mitigate repetition loss is multiple subframe code spreading on the top of the repetition. Fig. 1 illustrates signal structure of multiple subframe code spreading. Each subframe is repeated over multiple subframes and then, spread by one of orthogonal spreading sequences over multiple subframes. 
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Fig.1	Multiple subframe code spreading.

Multiple subframe code spreading on top of repetition has two merits. The first merit is to mitigate the spectral efficiency loss incurred by repetition. To apply multiple subframe code spreading especially to the uplink data and control channel (such as PUSCH and PUCCH) can provide more resources. Using NSF orthogonal spreading codes, up to NSF UEs/signals can be simultaneously transmitted within the same resource block over the repetition period. This can minimize the spectral efficiency degradation caused by repetition. A smaller granularity than 1 PRB transmission may have a similar effect on the spectral efficiency, but multiple subframe code spreading allows to keep the same PUSCH/PUCCH structure.
The second merit is to reduce the DCI size for minimizing the overhead. Applying multiple subframe code spreading on top of the repetition of data channels (such as PDSCH and PUSCH) or the uplink control channel (such as PUCCH), more resources can be provided by the system and semi-static resource allocation is possible. This obviates the need for e.g. the RBA field in the DCI, resulting in a smaller DCI payload than currently supported.
Observation 1: Multiple subframe code spreading on top of repetition can be utilized to mitigate the spectral efficiency loss incurred by repetition and/or to reduce the DCI size.

In Rel. 12, RAN1 has discussed multiple repetition levels for enhanced coverage transmission. In [2], we have proposed repetition granularity concept with basic length for each repetition level, for example 4 or 8.The interval between two adjacent starting subframes is an integer multiple of 4 or 8 for each repetition level. This is shown in Fig. 2. Note in [2], we used the term “a common coverage enhanced subframe length” instead of “repetition granularity”.

[image: ]
Fig.2	Repetition granularity concept.

Although a large spreading factor can generate more code resources, a receiver that is required to despread over a large number of subframes could face the issue on frequency error [3]. In addition, for the transmitter, coherent phase transmission over a large number of subframes faces that issue [3].
Considering repetition granularity, a common relatively small spreading factor (for example 4 or 8 as shown in Fig.3) would be more reasonable than a large spreading factor.
For code multiplexing, a constant transmit power is desirable over the whole spreading code length to maintain orthogonality. A short spreading code length also allows transmit power adjustment within the repetition length between each spreading code length segment.

[image: ]
Fig.3	The use of common spreading factor.

Observation 2: A relatively small common spreading factor, for example 4 or 8, should be used regardless of the number of repetitions, assuming that the number of repetitions is an integer multiple of the common spreading factor.
Based on above discussion, we propose following. 
Proposal: Coverage enhancement uses multiple subframe code spreading using a common spreading factor.
PUSCH with multiple subframe code spreading
As mentioned above, multiple subframe code spreading can be applied to several LTE physical channels. In this section, we evaluate the link level performance of applying multiple subframe code spreading to PUSCH.The detailed parameters are listed in the Appendix A and the detailed description of PUSCH repetition with multiple subframe code spreading and despreading is shown in Appendix B.
Fig. 4 plots the BLER performance of PUSCH with number NRep of repetition as a parameter and shows the performance comparison for multiple subframe code spreading with 1 UE and 2 UEs multiplexed in code domain on the same T/F resource. The average received power of 2 UEs are assumed to be the same. NSF=4 is used as the common spreading factor regardless of the value of NRep. Each UE uses a different multiple subframe orthogonal code. Frequency hopping over the system bandwidth with hopping period Nhop=4 is applied, where the retune/switching time for frequency hopping is not considered in the evaluation. It can be seen from Fig. 4 that no performance degradation by UE multiplexing using multiple subframe spreading code occurs. The same coverage improvement gain can be achieved by symbol combining with 4(=NSF) subframes [4].

[image: ]
Fig.4 Simulation results of multiple subframe code spreading for PUSCH repetition.

Observation 3: There is no performance degradation caused by UE multiplexing with different spreading codes, regardless of the number of repetitions. The same coverage improvement gain can be achieved as by symbol level combining with 4(=NSF) subframes.

Next, the impact of near-far effect on multiple subframe code spreading for PUSCH is discussed as difference of the power may be seen as the loss of orthogonality. Fig. 5 plots the BLER performance of PUSCH with near-far effect when NRep=32. NSF=4 is used as the common spreading factor. In this evaluation, 2 UE multiplexing is evaluated and the interfering UE has 0, 3, 6, 9, and 12dB larger average received SINR than the evaluated UE. It can be seen from Fig. 5 that the SINR degradation from ideal transmit power control case (P0/P1=0dB) is less than 0.5 dB at BLER=101. So for the case of 1 Hz Doppler frequency, the inter-code interference due to the loss of orthogonality is small.
From the specification on user equipment radio transmission (TS 36.101) [5], the minimum requirement for absolute power tolerance is given as ±9.0 dB and ±12.0 dB for normal and extreme conditions, respectively. With the condition of no transmit power control command, the worst case of power difference between 2 UEs P0/P1=18 dB and 24 dB for normal and extreme condition. On the other hand, the case in which both UEs have worst case would be rare. Then, in this evaluation, the transmit power control error is assumed to follow a log-normal distribution. The standard deviation  of power control error is set to 3 dB or 4 dB, each corresponds to the scenario in which UEs have transmit power control error within 9 dB or 12 dB with a probability of 99.78%. Fig.6 plots the BLER performance of PUSCH in above scenarios. NSF=4 is used as the common spreading factor regardless of the value of NRep. It can be seen from Fig. 6 that there is little performance degradation from ideal transmit power control case (P0/P1=0dB).
    [image: ]    
Fig.5 Impact of near-far effect assuming the interfering UE has a larger (constant) average received SINR than the evaluated UE.
[image: ]     [image: ]
(a) =3dB														(b) =4dB
Fig.6 Impact of near-far effect assuming multiplexed UEs have power control error which follows a log-normal distribution with standard deviation .

Observation 4: Impact of near-far effect on multiple subframe code spreading is very small.
Conclusion
In this contribution, we discussed multiple subframe code spreading on top of the repetition and showed some simulation results when using repetition and multiple subframe code spreading on PUSCH. Based on the discussion presented, we summarize our views through the following observations and proposal:
Observation 1: Multiple subframe code spreading on top of repetition can be utilized to reduce the DCI size and/or to mitigate the spectral efficiency loss incurred by repetition.
Observation 2: A relatively small common spreading factor, for example 4 or 8, can be used regardless of the number of repetitions, assuming that the number of repetitions is an integer multiple of the common spreading factor.
Observation 3: There is no performance degradation caused by UE multiplexing with different spreading codes, regardless of the number of repetitions. The same coverage improvement gain can be achieved as by symbol combining with 4(=NSF) subframes.
Observation 4: Impact of near-far effect on multiple subframe code spreading is very small.
Proposal: Study multiple subframe code spreading using a common spreading factor for coverage enhancement.
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Appendix A: Simulation parameters
	Parameters
	Value

	Number of antennas
	1×2 with low correlation

	Number of multiplexed UEs
	1, 2

	Number of repetition
	NRep=4, 8, 16, 32, 64, 128

	Channel model
	EPA (Doppler frequency, fD=1Hz)

	Frame format
	PUSCH 1 RB

	MCS
	MCS 5

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Timing error
	Ideal

	Transmit power control error
	Average received power of interfering UE is 0 to 12 dB larger than that of evaluated UE.
or
Multiplexed UEs have power control error which follows a log-normal distribution with standard deviation  (=3 or 4 dB).

	Residual frequency offset
	20Hz

	Channel estimation
	Realistic multiple subframe channel estimation
 (Averaging over NSF=4 subframes)

	Equalization
	MMSE-FDE


Appendix B: System model of PUSCH repetition with multiple subframe code spreading
Fig.7 illustrates the system model of PUSCH repetition with multiple subframe code spreading. At the UE side, subframe-level orthogonal code spreading is applied

	,																										(1)

where Si(n, k) is the frequency-domain transmitted symbol after multiple subframe code spreading at k-th subcarrier of n-th symbol in i-th (i=0~NRep-1) subframe for PUSCH repetition. NRep denotes the number of repetitions. D(n, k) is the frequency-domain transmitted symbol at k-th subcarrier of n-th symbol and it is the same over the repetition period (for i=0~NRep-1). Cu(i), i=0~NRep-1, is the u-th multiple subframe spreading code sequence. When the multiple subframe spreading factor is NSF, multiple subframe spreading code sequence is given by .
At the receiver of eNodeB, subframe-level despreading and symbol combining are carried out by

	,																						(2)
where Rcomb,j(n, k), j=0~NRep/NSF-1, is the frequency-domain received signal after subframe-level despreading and symbol combining. Ri(n, k) is the frequency-domain received signal at k-th subcarrier of n-th symbol in i-th subframe for PUSCH repetition. After despreading and symbol combining, channel estimation is carried out by using the combined received reference symbol of Rcomb,j(n, k) and then, MMSE-FDE is carried out by using channel estimate as 

	,																							(3)
where Wj(n,k) is the frequency domain equalization weight. After FDE, NRep/NSF equalized received signals are combined and the frequency-domain received signal after repetition combining is given by

	.																									(4)
The above combined symbols are input to the SC-FDMA demodulation.
[image: ]
Fig.7	System model of PUSCH repetition with multiple subframe code spreading.
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