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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 RAN1 #90bis, the following agreements were made:

· Sub-PRB shall be supported at least in CE Mode B

· Working assumption: Sub-PRB shall be supported in CE Mode A.

· RAN1 will prioritize optimization of Sub-PRB for CE Mode B over optimization of Sub-PRB for CE Mode A.

· For Sub-PRB, the maximum total number of (valid) subframes of transmission is:

· 32 subframes for CE Mode A

· 2048 subframes for CE Mode B

· FFS: Supported transport block sizes and numbers of repetitions (for each supported CE Mode)

· Sub-PRB rate matching is performed across a resource unit (RU) spanning multiple subframes

· The RU length depends on number of subcarriers in the Sub-PRB allocation

· FFS: RE mapping

· FFS: whether more than one RU is allocated per transport block

· For Sub-PRB, increasing DMRS shall not be supported

· For Sub-PRB allocation in connected mode,

· The Sub-PRB feature is configured/enabled by RRC signaling
· The Sub-PRB resource allocation shall be signaled by DCI
· FFS: Support of Sub-PRB allocation in Msg3

· When the Sub-PRB feature is configured/enabled in connected mode in CE mode B,
· DCI format 6-0B shall support both sub-PRB allocation and allocation of at least 1 PRB.

· Sub-PRB allocation shall support a maximum TBS of at least [504] bits.

The possibility for Sub-PRB EDT has been raised as proposal 10 in the email discussion RAN2 [100#38] [eMTC / NB-IoT] Padding issue in Msg3 (Ericsson). Various solutions for allocation of resources for EDT have been proposed in the email discussion.
This tdoc analyzes the possible support of Sub-PRB allocation in Msg3.
2. Message 3 Support

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 decided that an EDT (Early Data Transmission) will support data being transmitted in message 3 so it would be very advantageous if sub-PRB and Sub-PRB EDT transmissions could be supported in message 3 as well.

Proposal 1: Sub-PRB and Sub-PRB EDT transmissions shall be supported in Msg. 3. 
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" indicate UE supports frequency hopping).  RAN2 would have to confirm that 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 transmission. 

Observation: Indication of UE support for the sub-PRB feature in message 3 will not allow message 3 to use sub-PRB transmission 

Below, four solutions to indicate early support of Sub-PRB such that sub-PRB transmission can be supported in message 3 is discussed:
#1 PRACH Partitioning

Indicating support for Sub-PRB through PRACH partitioning is 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 amount of PRACH partition could be as high as 20 in a LTE system (4 for legacy UE, 4 for R13 eMTC UE, 4 for EDT, 4 for Sub-PRB with EDT, 4 for sub-PRB without EDT). 

#2 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 will point to the same UL resources since Sub-PRB needs a sub-set of 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 that the eNB would need to do two decodes and two RARs need to be scheduled which would increase DL resource usage considerably. 
#3 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.  

In RAN1#91 there was an agreement that there can be 2 tone transmission, within a contiguous block of 3 tones.
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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. 

#4 Tie EDT and Sub-PRB features together

Another solution is to mandate the UE to support Sub-PRB if EDT is supported (i.e. tie the two features together). Given EDT is indicated by PRACH partitioning, the eNB would then know the UE also supports Sub-PRB so this will allow the eNB to send a RAR specifically with a Sub-PRB allocation or not. Like with PRACH partitioning, this solution can utilize all the advantages of sub-PRB including UL spectral efficiency. The main disadvantage of this approach is that the two features are tied together thus reducing the flexibility to deploy the features separately.
The following table summarizes the advantages and disadvantages of each approach:

	Option
	Advantage
	Disadvantage

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

(LTE could need 20 PRACH partitions)

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

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

	#4 Tie EDT and Sub-PRB features Together
	UL Spectral Efficiency, UE Battery Life, SNR gain, & increase UE Tx power 
	Features are tied together making deployment and UE implementation less flexible


Proposal 2:  Either “Implicit Dual Schedule” or “Tie EDT and Sub-PRB features” solutions should be specified to allow the support of sub-PRB transmissions in message 3.

3. Conclusion
Proposal 1: Sub-PRB and Sub-PRB EDT transmissions shall be supported in Msg. 3. 
Observation: Indication of UE support for the sub-PRB feature in message 3 will not allow message 3 to use sub-PRB transmission.
Proposal 2:  Either “Implicit Dual Schedule” or “Tie EDT and Sub-PRB features” solutions should be specified to allow the support of sub-PRB transmissions in message 3.

4. References

[1] RP-172811 Revised WID on Even further enhanced MTC for LTE
[2] R1-160097 “NB-IOT PUSCH Modulation Evaluation” Sierra Wireless

[3] R2-168974 “LS reply on FeMTC VoLTE enhancements” RAN2

[4] R1-1714108 “PUSCH Spectral Efficiency Solution Analysis”, Sierra Wireless

