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[bookmark: _Ref349588338]1. Introduction
In RAN 1 #90, the following agreement was made:
Agreements:
· Sub-PRB allocation method shall be specified

This contribution analyzes the design for sub-PRB allocation for eFeMTC. 
2. Sub-PRB allocation for PUSCH
To improve the PUSCH spectrum efficiency of machine-type communication for BL/CE UEs, sub-PRB allocation method will be specified. With sub-PRB allocation, the spectrum efficiency of PUSCH is increased by allocating multiple UEs. This sub-PRB allocation shall not reduce UE data rate, which will prolong the transmission time and result in poor UE power consumption. That is, sub-PRB allocation shall only use when the power control of a UE achieves the maximum transmission power of UE capability.  For UE in CE Mode B, i.e., extended coverage or extreme coverage, it is reasonable to support sub-PRB allocation for PUSCH. Meanwhile, it is also motivated to introduce sub-PRB scheduling into CE Mode A for the coverage enhancement of VoLTE [1]. It is worthwhile to further study if sub-PRB needs to be supported in CE Mode A for VoLTE.  However, the specification effort and feasibility shall be carefully studied, as well as the potential gain to support sub-PRB allocation in CE Mode A.   
Proposal #1: At least support sub-PRB allocation in CE Mode B. FFS if support sub-PRB allocation in CE Mode A considering the specification effort and potential use case. 
In practice, the gain of uplink spectrum efficiency contributed by sub-PRB allocation depends on the number of UEs can be scheduled within a certain bandwidth, i.e., within one PRB. Therefore, it is crucial whether the eNB scheduler can find enough co-scheduled UEs to fit in the resources of one PRB. If the sub-PRB allocation with small tone number (i.e., single tone) is supported, in order to achieve the expected spectrum efficiency gain, enough UEs suitable for single-tone allocation are needed. UEs suitable for single-tone allocation mean that, even boosting all transmission power onto 15kHz bandwidth, it will not exceed power control target. Otherwise, if power control limits the UE with single-tone allocation, the UE will need longer transmission time to achieve the same performance, which will increase UE power consumption. Based on the channel model in GERAN study [2], the UEs in extended coverage required single-tone allocation is not that many. On the other hand, the traffic model in GERAN study phase [2] is very sparse. That is, it is not very easy for eNB to pair UEs to fill in one PRB. Moreover, different from NB-IoT system, which  supports single-tone allocation for both NPUSCH format 1 and format 2 carrying UCI since the beginning, eFeMTC device may only support sub-PRB allocation since Rel-15 and may be optionally.  All NB-IoT devices support single-tone allocation for NPUSCH for data transmission and HARQ-ACK feedback with single tone. It is harder to pair UEs to fill in the blank tones to achieve the spectrum efficiency expected with single-tone allocation. On the other hand, PSD boosting UE to single tone may result higher interference to neighbor cell compared with spreading power to more bandwidth. If eNB cannot find enough UEs to fill in the whole PRB, it is better to schedule the UE to use more tones to reduce inter-cell interference from system point of view.
Observation 1: It is hard to achieve the expected UL spectrum efficiency gain expected with single-tone allocation for eFeMTC. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Observation 2: PSD boosting to a narrow bandwidth may increase inter-cell interference and has a negative impact on system throughputs. 
In order not to increase UE blind detections on MPDCCH, same DCI size for UL grant and DL grant needs to be ensured. RRC signaling can be used to enable sub-PRB allocation. On the other hand, some overlapping with CE mode B is needed, that is the new mode to support sub-PRB allocation needs to be able allocate at least one PRB to a UE. Therefore, the DCI field for resource allocation needs to be carefully reviewed. To ensure spectrum efficiency gain with sub-PRB allocation and to provide full flexibility for eNB scheduler, it prefers to indicate all the possible locations of sub-PRB allocation within the narrow band. If single-tone allocation is supported, there are 12 possible locations in one PRB, and 72 locations within the whole narrow band, which needs at least 7 bits. In legacy DCI format 6-0B, only 3 bits are used for the indication of frequency location within the narrow band. This means that it is hard to support single-tone allocation with the same size of DCI. 
Though it is possible to enlarge the DCI size to support single-tone allocation, the penalty will be degradation on detection performance of MPDCCH, with the increased code rate. Since sub-PRB allocation is targeting coverage enhanced UEs, the degradation on detection performance will result in more repetitions. Since the granularity of repetitions for MPDCCH is very large, the potential impact on DL overhead cannot be ignored. In fact, as analyzed in [3] during HARQ-ACK discussion for eMTC, downlink overhead is the bottle neck to reduce UE power consumption. The problem will be more serious with the support of with sub-PRB allocation for eFeMTC. Therefore, it is better to keep the same DCI size.
Observation 3: With existing DCI size, it cannot support full flexibility with single-tone allocation.  
Proposal #2: Strive for the same DCI size to support sub-PRB allocation for eFeMTC.
For TDD system, there are one to three consecutive uplink subframes. In order to maintain same RE number in one RU to simplify the eNB scheduling, 4 ms are needed with 3 tones. This may cause unnecessary delay due to the inconsecutive uplink subframes. Therefore, it is reasonable to support 4 tones for TDD instead of 3 tones. On the other hand, in order to simplify the complexity of the UE supporting both TDD and FDD, it is reasonable to provide a unified solution suitable for both FDD and TDD system.  Therefore, 4 tones can be considered for eFeMTC sub-PRB allocation for both FDD and TDD. 
Observation 4: 4 tones with 3ms RU is more suitable for TDD system. 
Lower PAPR is another benefit from sub-PRB allocation. For NB-IoT UE, the maximum power reduction (MPR) for 3 tones is the same as the one for single tones [4]. If the tone allocation is in the middle of RF bandwidth, the MPR is 0dB. The MPR for 6 tones allocation is less than 1dB. In Table 1, PAPR and CM evaluations for different number of tones are provided, without any windowing or filtering to reduce PAPR or CM.  From the result we can see that, there are 1 dB and 0.14dB difference between 3 tones and 4 tones for PAPR @99.99% and CM respectively. Therefore, the MPR for 4 tones is expected to be ≤0.5dB or less considering wider RF bandwidth of eMTC device. 
Observation 5: MPR for 4 tones is expected to be less than 0.5dB. 
Proposal #3: Support sub-PRB allocation with 4 tones. 
To support sub-PRB scheduling in eFeMTC, even though we want to inherit NB-IoT as much as possible, several redesigns and improvements cannot be avoided. 
First of all, some new indications need to be introduced into the DCI format for R-14 eMTC, which should at least include tone number and RU number. If the payload size of DCI cannot be enlarged, some configurations with DCI before may need to be with RRC signaling. For example, if the indications of tone number and RU number are with DCI, the narrow band index can be indicated with RRC. Secondly, a new TBS table may be needed (or limitation of existing TBS table), since TBS table for NB-IoT cannot be directly used. To support the maximum UL TBS 2984 bits for eMTC, larger number of RU needs to be supported. Meanwhile, considering the sub-PRB is generally used in deep coverage scenario, high MCS with code rate over 1/3 may be unnecessary. A new TBS table with lower MCS and larger RU number is desired. 
Proposal #4：To support sub-PRB scheduling, at least the following issues need to be considered, such as,
· DCI  format design and TBS table
· procedure of CE Mode report/configuration

Table 6.2.3F-1: Maximum Power Reduction (MPR) for UE category NB1 and NB2 Power Class 3 and 5 [4]
	Modulation
	QPSK

	Tone positions for 3 Tones allocation
	0-2
	3-5 and 6-8
	9-11

	MPR
	≤ 0.5 dB
	0 dB
	≤ 0.5 dB

	Tone positions for 6 Tones allocation
	0-5 and 6-11

	MPR
	≤ 1 dB
	≤ 1 dB

	Tone positions for 12 Tones allocation
	0-11

	MPR
	≤ 2 dB



[bookmark: _Ref458527981][bookmark: _Ref458527975]Table 1 PAPR for Multi-tones
	[bookmark: _Hlk493674753]
	3 tones
SC-FDMA
	4 tones
SC-FDMA
	6 tones
SC-FDMA

	Cubic  metric
	0.756dB
	0.897dB
	1.01dB

	PAPR @ 99.99%
	3.6dB
	4.6dB
	5.6dB



3. Conclusion
In this paper, the sub-PRB allocation was discussed. Based analysis above, we have the following observations: 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 1: It is hard to achieve the expected UL spectrum efficiency gain expected with single-tone allocation for eFeMTC. 
Observation 2: PSD boosting to a narrow bandwidth may increase inter-cell interference and has a negative impact on system throughputs. 
Observation 3: With existing DCI size, it cannot support full flexibility with single-tone allocation.  
Observation 4: 4 tones with 3ms RU is more suitable for TDD system.
Observation 5: MPR for 4 tones is expected to be less than 0.5dB. 

Based on the observations, we proposed: 
[bookmark: _GoBack]Proposal #1: At least support sub-PRB allocation in CE Mode B. FFS if support sub-PRB allocation in CE Mode A considering the specification effort and potential use case. 
Proposal #2: Strive for the same DCI size to support sub-PRB allocation for eFeMTC.
Proposal #3: Support sub-PRB allocation with 4 tones. 
Proposal #4：To support sub-PRB scheduling, at least the following issues need to be considered, such as,
· DCI  format design and TBS table
· procedure of CE Mode report/configuration
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