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1 Introduction
During RAN #75 meeting, “New WI proposal: Even Further Enhanced MTC” was working approved [1]. One objective of this work item is to specify solution/mechanism to increase PUSCH spectral efficiency as follow:
· Increased PUSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· E.g. sub-PRB resource allocation, with no less than 3 subcarriers within a sub-PRB allocation.

· Note: There is no intention to lower the minimum required UE capability compared to UE category M1 as part of this WI, i.e. the UE shall still support a PUSCH transmission of 6 PRBs.

In this contribution, detailed considerations of uplink PUSCH, especially for sub-PRB based resource allocation for even further eMTC are presented.
2 Resource unit definition
In order to increase the PUSCH spectral efficiency, sub-PRB resource allocation can be considered for the R.15 eMTC. In R.13 NBIoT, for the multi-tone case, new resource unit definition has been adopted for sub-PRB resource allocation. In NBIoT multi-tone resource unit definition, the same RE number within one resource unit is defined as the legacy LTE.12, and allow one TB scheduled over one or more than one of the above resource unit in time domain. The detail resource unit definition of NBIoT PUSCH transmission as follow:
· x number of subcarriers with y number of TTI is defined as one PRB, with the constraint that x*y is constant
· x={3} with y=4 msec resource unit size
· x={6} with y=2 msec resource unit size

· x={12} with y=1 msec resource unit size

In order to make full use of the fragmented resource and multiplex with NBIoT effectively,  at least the above  resource unit definition should be supported in efeMTC PUSCH transmission as shown in Figure 1, where the resource unit include x number of subcarriers with y number of TTI, with the constraint that x*y is constant.
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Figure1 NBIoT and eFeMTC PUSCH Multiplexing

However if we consider efeMTC in TDD, the DL-UL configuration constraint will limit the PUSCH resource allocation. For example the resource unit definition with 3 subcarriers by 4msec needs 4 uplink subframe, which makes the resource unit non-continuous and makes the time resource fragmented. This can be seen in Figure 2. In order to support the current DL-UL configuration (e.g. configuration 0, 3, 6) with 3 continuous uplink subframes effectively, 4 subcarriers by 3 msec resource unit definition should be supported at least for TDD case, which can also improve the channel estimation performance with time domain combining and reduce the transmission delay for one transmission block. TABLE 1 shows the time domain continuous resource allocation example for 4 subcarriers by 3 msec for TDD configuration 0, 3, 6.  eNB could schedule the PUSCH resource unit based  on the TDD configuration .
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Figure 2 Resource units cross radio frame in TDD configuration
Table 1: Uplink-downlink configurations.

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Proposal 1: For sub-PRB based PUSCH,  the number of TTI length y and subcarrier number x can be configured, with the constraint that x*y is constant. x should be {3,4,6,12}
· x number of subcarriers with y number of TTI is defined as one resource unit, with the constraint that x*y is constant
· x={3} with y=4 msec resource unit size (at least for FDD)
· x={4} with y=3 msec resource unit size (at least for TDD)
· x={6} with y=2 msec resource unit size

· x={12} with y=1 msec resource unit size

3 Resource allocation

In Rel.15 eFeMTC, PUSCH resource allocation both larger than 1PRB and sub-PRB should be supported, So resource allocation with no less than one PRB (R.13 eMTC) and within one PRB (R.15 eMTC) should be designed separately. For resource allocation no less than one PRB, current PUSCH resource allocation type 0 should be reused, which needs (6+1)*6/2=21 states to indicate the continuous resource allocation in frequency domain. 
Within on PRB part resource allocation, different resource unit should be considered. In legacy LTE, continuous allocation is used for resource allocation to main the single carrier property, and the value of PRB number and starting frequency position is determined by the tree-structure allocation. We propose that 3, 4 and 6 subcarriers resource allocation should be supported within one PRB. Considering the limited number of subcarriers PUSCH supports, the legacy resource allocation mechanism is not efficient. Follow the NB-IoT PUSCH resource allocation scheme; propose PRB index allocation within a narrowband + resource allocation within PRB to indicate resource allocation within one PRB, which needs 6*9 = 54 states. TABLE 2 lists the detail resource allocation within one PRB, so the total PUSCH resource allocation for efeMTC needs 21+54=75 states and needs 7 bits both for larger than 1PRB case and sub-PRB case.
Table 2: Allocated subcarriers for PUSCH within 1 PRB
	Subcarrier indication field (
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Proposal 2: For PUSCH resource allocation for efeMTC, resource allocation no less than one PRB and resource allocation within one PRB should be designed separately.
4 DMRS
If sub-PRB based PUSCH resource allocation is supported, related DMRS should be designed accordingly. NB-IOT multi-tone DMRS with length of 3 and 6 could be reused for efeMTC, and only DMRS with length of 4 could be newly-designed.
For DMRS with length of 4, the time domain position can reuse the current PUSCH approach, i.e., the 4th symbol in normal CP case and the 3rd symbol for extended CP case. For frequency position of DM-RS, occupy same frequency as for data as shown in Figure 3. Introduce new DM-RS sequences with length of 4 for 4-tone DMRS, and use legacy LTE/NBIoT DM-RS sequence with length of 3,6 12 for 3,6,12-tone transmission separately. 
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Figure 3. UL DMRS occupy same frequency as for data (length of 4)
Proposal 3: Introduce new DM-RS sequences with length of 4 for 4-tone DMRS, and use legacy LTE/NBIoT DM-RS sequence with length of 3,6 12 for 3,6,12-tone transmission separately.

5 Conclusions
In this contribution, further considerations on the uplink design for even further eMTC are provided. The following proposals are given.
Proposal 1: For sub-PRB based PUSCH,  the number of TTI length y and subcarrier number x can be configured, with the constraint that x*y is constant. x should be {3,4,6,12}

· x number of subcarriers with y number of TTI is defined as one resource unit, with the constraint that x*y is constant
· x={3} with y=4 msec resource unit size (at least for FDD)

· x={4} with y=3 msec resource unit size (at least for TDD)
· x={6} with y=2 msec resource unit size

· x={12} with y=1 msec resource unit size
Proposal 2: For PUSCH resource allocation for efeMTC, resource allocation no less than one PRB and resource allocation within one PRB should be designed separately.
Proposal 3: Introduce new DM-RS sequences with length of 4 for 4-tone DMRS, and use legacy LTE/NBIoT DM-RS sequence with length of 3,6 12 for 3,6,12-tone transmission separately.
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