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1. Introduction
The efeMTC WID [1] has an objective to improve the UL spectral efficiency:
· 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.

During RAN #90, it was decided:

· Sub-PRB allocation method shall be specified
One issue for consideration is if and how Sub-PRB transmission can be supported in msg3.

2. Discussion
Given the many advantages of sub-PRB, supporting sub-PRB transmissions early in the RACH process should be a design goal. For battery powered devices, DoNAS and the suspend/resume mechanism support the ability for the UE to send data in message 5 so it is a strong requirement that sub-PRB transmissions be supported in message 5. RAN2 has agreed to support early UL data transmission in Msg3 for control plane and user plane CIoT EPS optimization, so it would be very advantageous if sub-PRB transmissions could be supported in message 3.

Proposal 1: Sub-PRB transmissions should be supported in msg 3. 

There are four potential solutions to indicate early support of Sub-PRB which are discussed below.

Message 3

Message 3 could include an indication if the UE supports Sub-PRB or not. There are no spare bits in message 3 but a field such as the LCID could be used. For example, a state of the LCID could be used to indicate Sub-PRB support. This method was used to indicate if the UE supported frequency hopping in Rel13 (i.e. from TS 36.211, LCID "01100" indicates that the UE supports frequency hopping).  RAN2 would have to confirm there are at least two more free LCID for this to work but this paper will assume this is possible. The main disadvantage of this approach is that message 3 could then never use Sub-PRB which could be an issue when EDT is used and the size of Msg3 grows to e.g. 1000bits. 

PRACH Partitioning

Indicating support for Sub-PRB through PRACH partition is also possible. This will allow the eNB to send a RAR specifically with a Sub-PRB allocation or not. The main advantage of this approach is that the eNB could schedule other Sub-PRB capable UEs transmission within the same PRBs so that high UL spectral efficiency for msg3 could be obtained. The UE PA efficiency improvement, SNR gain, and UE TX power increase advantages of Sub-PRB would also be utilized. The main disadvantage is that 4 new PRACH partitions are needed (i.e. one for every coverage level). Given EDT will likely also use PRACH partitioning, the number of PRACH partitions could be as high as 17 in a LTE system (1 for legacy UEs, 4 for R13 eMTC UEs, possibly 4 for EDT, 4 for Sub-PRB with EDT, 4 for sub-PRB without EDT). 

Dual Schedule
Another solution is for the eNB to send two RARs; one RAR for non-Sub-PRB allocation and one RAR for Sub-PRB allocation. It is expected that the two RARs point to the same UL resources since Sub-PRB needs a sub-set of the resource that non-Sub-PRB needs. Given sub-PRB transmissions are supported in message 3, the UE PA efficiency improvement, SNR gain, and UE TX power increase advantages of Sub-PRB would be utilized in message 3. However, the UL spectral efficiency would not be improved because the UL resource allocation would need to be big enough to support the non-Sub-PRB transmission. The main disadvantages of this approach are the eNB would need to do two decodes and two RARs need to also be scheduled which would increase DL resource usage considerably. 
Implicit Dual Schedule

This solution is similar to the Dual Schedule approach but only one RAR is sent. The RAR would be the same as a non-Sub-PRB RAR but there would be a 1:1 mapping defined in the specification based on the number of repeats specified in the RAR to a sub-PRB configuration.  
For Example:
	Repeats
	Sub-PRB Allocation

	1
	No Sub-PRB

	2
	6 Tones Iru=0 Repeats=1

	4
	3 Tones Iru=0 Repeats=1

	8
	3 Tones Iru=0 Repeats=2

	16
	3 Tones Iru=0 Repeats=4

	32
	3 Tones Iru=1 Repeats=4

	64
	3 Tones Iru=3 Repeats=4

	128 
	3 Tones Iru=3 Repeats=8


The starting tone location would also be specified in the specification (e.g. the 1st tone). Frequency hopping within the PRB could also be specified as shown below.  
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The advantages of this approach are the same as the “Dual Schedule” so the UE PA efficiency improvement, SNR gain, and UE TX power increase advantages of Sub-PRB would be utilized in message3. Similarly, the UL spectral efficiency would not be improved because the UL resource allocation would need to be big enough to support the non-Sub-PRB transmission. The difference between the “Dual Schedule” approach is there is now NO need to send 2 RARs. 
The following table summarizes the advantages and disadvantages of each approach:
	Option
	Advantage
	Disadvantage

	Message 3
	Simple
	No Sub-PRB in Msg3

	PRACH Partition
	UL Spectral Efficiency, UE Battery Life, SNR gain, & increase UE Tx power 
	Add 8 more PRACH Partitions

(LTE could need 17 PRACH partitions)

	Dual Schedule
	UE Battery Life, SNR gain, & increase UE Tx power 
	Two eNB Decodes, Two RARs 

	Implicit Dual Schedule
	UE Battery Life, SNR gain, & increase UE Tx power
	Two eNB Decodes


Observation 1: An implicit Dual Schedule approach can support sub-PRB in message 3 with no major disadvantages.
Proposal 2: Study an Implicit Dual Schedule solution to support Sub-PRB transmissions in message 3.
3. Conclusion

Proposal 1: Sub-PRB transmissions should be supported in msg 3.
Observation 1: An implicit Dual Schedule approach can support sub-PRB in message 3 with no major disadvantages.

Proposal 2: Study an Implicit Dual Schedule solution to support Sub-PRB transmissions in message 3.
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