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1 Introduction
In the last RAN1 meeting, simulation assumptions for reference cases for MTC are agreed. In this meeting, companies are encouraged to provide performance evaluation for following technologies based on the agreed simulation assumptions [1]. 

· PDSCH/PUSCH/PRACH/control channel link performance study of the impact of the following aspects can be used to analyze the fulfillment of the coverage and power consumption objectives in normal and enhanced coverage (at normal and low SNR)

· With/without increasing PDSCH/PUSCH/control channel DMRS density 
· With/without PDSCH/PUSCH/PRACH/control channel frequency hopping

· PUSCH/PRACH/control channel sensitivity to phase discontinuity

· With/without uplink PSD boosting with smaller granularity than 1 PRB
· PUSCH capacity analysis/results would also be useful
In this contribution, we provide simulation results for uplink PSD boosting with smaller granularity than 1 PRB based on the agreed simulation assumptions. And potential specification impact of introducing a smaller granularity is analyzed. Based on the simulation results and the analysis of specification impact, some observations and proposals are made.
2 Discussion
2.1 Performance evaluation

PSD boosting is an efficient solution to reduce the number of PUSCH repetitions. In Rel-12 coverage enhancement study item phase, related performance evaluation has been captured in TR 36.888 as following: PSD boosting (e.g., by allocating 1 PRB instead of 2 PRBs or by using fewer than 12 subcarriers in each PRB) may further reduce the number of repetitions (initial evaluation results show about 20% ~ 30% repetition can be saved by using 1 PRB than 2 PRBs) [2]. In this contribution, we provide evaluate performance for uplink PSD boosting with smaller granularity than 1 PRB based on the agreed simulation assumptions [3], where detailed simulation assumption is given in Table 5 in appendix. 
Uplink PSD boosting means concentrating a given level of power into a narrow bandwidth at UE. In order to keep the same code rate, the total RE number in one resource block is the same for different granularities in the simulation. For example, one transport block is mapped to a resource block with 6 subcarriers with 28 SC-FDMA symbols, that is, one transmission occupies two subframes. Theoretically, no matter how much bandwidth is occupied, to achieve the same performance/coverage, the same transmission time is expected with the same transmission power. Table 1 and Figure 1 show the simulation results with ideal channel estimation, the transmission time is the same to achieve MCL = 155.7dB with different granularity. 
Table 1. Simulation results for15dB coverage enhancement with ideal channel estimation (TBS =32)
	Granularity: (subcarriers * SC-FDMA symbols)
	Working SINR (dB)
	Repetition number
	Transmission time (ms)
	Gain of reducing transmission time

	12 * 14
	-16.3
	26
	26
	/

	6 * 28
	-13.3
	13
	26
	0%

	3 * 56
	-10.3
	6.5
	26
	0%


Observation #1: Same transmission time is needed with PSD boosting with ideal channel estimation.

Theoretically, double repetition can bring about 3dB gain. However, with real channel estimation, the gain will be degraded due to the larger channel estimation error in lower SINR region. PSD boosting can directly improve receiving SINR because the total noise and interference power decrease within a narrower bandwidth. With a higher receiving SINR, the channel estimation performance can be improved. Therefore, PSD boosting can be used to reduce the total transmission time. Our simulation results in table 2 and figure 1 verify the above analysis, wherein the total transmission time can be significantly reduced if PSD is boosted to a narrow bandwidth, e.g. 51.4% and 64.7% transmission time can be reduced with 6 and 3 subcarriers instead of 12 subcarriers for 15dB coverage enhancement with TBS =32. As the theoretical analysis, PSD boosting gain mainly comes from the improvement of channel estimation performance. Table 3 and figure 2-4 show the comparison of transmission time for different coverage enhancement levels, where the gain of transmission time reduction degrades with smaller coverage enhancement levels. However, more than 15% transmission time can be saved for 5dB coverage enhancement. 
Table 2. Simulation results for 15dB coverage enhancement with real channel estimation (TBS = 32)
	Granularity: (subcarriers * SC-FDMA symbols)
	Working SINR (dB)
	Repetition number
	Transmission time (ms)
	Gain of reducing transmission time

	12 * 14
	-16.3
	340
	340
	/

	6 * 28
	-13.3
	82.5
	165
	51.4%

	3 * 56
	-10.3
	30
	120
	64.7%


Table 3. Simulation results for TBS=136 and real channel estimation

	Coverage Enhancement (dB)
	Granularity: (subcarriers * SC-FDMA symbols)
	Working SINR (dB)
	Repetition number
	Transmission time (ms)
	Gain of transmission time reduction

	15
	12 * 14
	-16.3
	600
	600
	/

	
	6 * 28
	-13.3
	185
	370
	38.3%

	
	3 * 56
	-10.3
	62
	248
	58.7%

	10
	12 * 14
	-11.3
	73
	73
	/

	
	6 * 28
	-8.3
	25.5
	51
	30.1%

	
	3 * 56
	-5.3
	10.5
	42
	42.5%

	5
	12 * 14
	-6.3
	10.9
	10.9
	/

	
	6 * 28
	-3.3
	4.8
	9.2
	15.6%

	
	3 * 56
	-0.3
	2.25
	9
	17.4%


Observation #2: With real channel estimation, PSD boosting can significantly reduce transmission time.
UE power consumption reduction is the new aspect in Rel-13 MTC WID, and battery life is very important to compete with other MTC devices using non-3GPP technologies. For coverage enhancement, a larger number of repetitions will result in high power consumption and shorten battery life. Reducing transmission time is one of the most essential methods for power consumption reduction. From the perspective of power consumption reduction, uplink PSD booting with smaller resource granularity is worthy being considered as it can significantly reduce transmission time. 
Observation #3: PSD boosting can significantly reduce power consumption.
Besides improving receiving SINR, another benefit of uplink PSD boosting is more UEs can be multiplexed within a given bandwidth in frequency domain as smaller bandwidth is allocated for each UE. For example, 6 PRBs can be allocated up to 24 UEs assuming 3 subcarriers for each UE compared with 6 UEs with 12 subcarriers for each UE. On the other hand, the user data rate is improved because of the reduced transmission time. Table 4 summaries the results of user data rate and PUSCH cell capacity. As the increased UE number, the PUSCH cell capacity is significantly improved, e.g. the gain is up to 1042% for the granularity of 3 subcarriers compared with 12 subcarriers case. 
Table 4. User data rate and cell capacity for 15dB coverage enhancement with real channel estimation (TBS=32)
	Granularity: (subcarriers *SC-FDMA symbols)
	Transmission time (ms)
	User data rate (bps)
	Gain of data rate improvement
	PUSCH Cell capacity (kbps)
	Gain of capacity improvement

	12 * 14
	340
	94.1
	/
	0.56
	/

	6 * 28
	165
	193.9
	106%
	2.33
	316%

	3 * 56
	120
	266.7
	183.4%
	6.4
	1042%


Observation #4: PSD boosting can significantly improve cell capacity.
For MTC service, data packet size is quite small for some applications, e.g. smart meter. Current 1 PRB may be redundant for the small data transmission for the UE in a good channel condition. As channel quality may be very good and be able to support higher MCS, filling a small data packet into 1 PRB with a lower MCS may be not efficient. In this case, using smaller resource granularity can be considered to improve the spectral efficiency.
Observation #5: Using smaller resource granularity may be more efficient for small data transmission.
2.2 Potential Specification impact
The main specification impact of introducing a smaller granularity may need a new resource allocation method, e.g., a new definition of resource block. For example, a resource block may be defined as 3 subcarriers and 56 SC-FDMA symbols in the case of normal CP in order to keep the same RE number and reference overhead in each resource block to that MCS table can be kept the same. Under the new definition, TTI will be 4ms and HARQ timing may be impacted. However, it is similar to uplink TTI bundling and some design can be reused. For resource allocation, current mechanism and design of resource block assignment field in DCI can be directly reused. eNB scheduling may be more complexity considering current 1 PRB is fully allocated for multiple UEs with smaller granularity. However, it is related to eNB implementation and no specification impact is expected.
For small data transmission, it is possible to define a resource block with a fewer number of REs. Thus, additional TBS table may be required. However, the specification effort may not be large. 

Observation #6: Initial analysis shows specification impact of introducing a smaller granularity is acceptable.
Proposal #1: Uplink PSD boosting with smaller granularity than 1 PRB should be considered to reduce power consumption and improve cell capacity.
3 Conclusion
In this contribution, we provide performance evaluation for uplink PSD boosting with smaller granularity than 1PRB. And potential specification impact of introducing a smaller granularity is analyzed. Based on the simulation results and the analysis of specification impact, we have following observations and proposals:   
Observation #1: Same transmission time is needed with PSD boosting with ideal channel estimation.
Observation #2: With real channel estimation, PSD boosting can significantly reduce transmission time.
Observation #3: PSD boosting can significantly reduce power consumption.
Observation #4: PSD boosting can significantly improve cell capacity.
Observation #5: Using smaller resource granularity may be more efficient for small data transmission.
Observation #6: Initial analysis shows specification impact of introducing a smaller granularity is acceptable.
Proposal #1: Uplink PSD boosting with smaller granularity than 1 PRB should be considered to reduce power consumption and improve cell capacity.
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5 Appendix

In the simulation, three levels of granularity are considered, i.e. 12, 6, and 3 subcarriers. Considering PUSCH is received with 10% BLER under a given level of coverage enhancement (CE), the required repetition number and transmission time are compared. In order to fairly compare different levels of granularity, a transport block with the same TBS is used. For smaller granularity than 12 subcarriers, the transport block is mapped to more SC-FDMA symbols. For example, for the granularity of 3 subcarriers, 56 SC-FDMA symbols are used to map the transport block, wherein one repetition occupies four subframes. 
Table 5. Simulation assumptions for link-level performance evaluation of uplink PSD boosting 

	Simulation parameter
	Value

	System bandwidth
	10 MHz

	Antenna configuration
	1TX*2RX

	Channel model
	EPA

	Doppler spread
	1Hz

	Frequency tracking error
	100Hz

	Modulation order
	QPSK

	Transport block size
	32(MCS=2), 136 (MCS=9)

	Channel estimation
	Ideal channel estimation, real cross-subframe channel estimation

	Resource granularity 
	12 subcarriers, 6 subcarriers, 3 subcarriers

	MCL target /Coverage enhancement
	145.7dB /5dB, 
150.7dB /10dB, 
155.7dB/15dB
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Figure 1. 15dB CE and TBS=32 with ideal/real channel estimation   Figure 2. 15dB CE and TBS=136 with real channel estimation
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Figure 3. 10dB CE and TBS=136 with real channel estimation   Figure 4. 5dB CE and TBS=136 with real channel estimation
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