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Introduction
This tdoc examines the following key open issues for the EDT design:
Indication of blind decoding TBS
Maximum TBS 
Blind Decoding TBS 
Sub-PRB Support

Key Issues
Indication of blind decoding TBS 
At RAN1 #92, the following open issue was captured and is discussed in this section:
Support NW enabling the use of TBS smaller than the maximum configured. FFS details.

A UE should know before it initiates an RACH request what EDT TBS are available. This will enable the UE to make an informed decision whether it should make an EDT RACH request or a legacy RACH request depending. For example, if the data size to be sent doesn’t fit well into the available EDT TBS and thus a lot of padding bits are required, it may be beneficial for the UE to request a legacy RACH request vs a EDT RACH request.  If the TBS information is given in the RAR, a UE may be unpleasantly surprised by the amount of padding bits required. It is also not necessary to have UE specific TBS sizes so it is proposed that the EDT TBS size be indicated in SI. 

Proposal: The indication of all the available EDT TBS should be indicated in SI.

Maximum TBS
The list of TBS to be indicated has not yet been agreed.  
The following agreement was made in RAN1: 
Maximum TBS for early data transmission in Msg3 is 1000 bits for PRACH CE levels 0 and 1 and 936 bits for PRACH CE levels 2 and 3
The maximum TBS broadcasted in system information are selected from 8 values which are taken from the Rel-13 PUSCH tables.
The following agreement was made in RAN2: 
The minimum possible TB size is assumed to be around 320 bits based on the values in (N)PUSCH tables.
Given the agreed range is 320 bits to 1000 bits, column 6 of eMTC TBS table which is valid for both Mode A and B can be used with the one change from 1032 bits to 1000

Proposal: The set of 8 maximum TBS for EDT includes [328 408 504 600 712 808 936 1000A/936B]
             Note: 1000 is only applicable to CE Mode A
CE Mode A and B have the same Maximum TBS for EDT (except for 936 and 1000)
Blind Decoding TBS 
Up to 3 additional blind decoding TBS need to be indicated which have not yet been agreed.  
The following agreement was made in RAN1: 
The maximum TBS broadcasted in system information are selected from 8 values which are taken from the Rel-13 PUSCH tables.
A similar agreement should be made WRT to the other 3 possible blind decoded TBS
Proposal: The possible blind decoding EDT TBS values are taken from the Rel-13 PUSCH tables.

A minimum TBS of around 320 bits was agreed by RAN2 in this agreement:
The minimum possible TB size is assumed to be around 320 bits based on the values in (N)PUSCH tables.
The three closest TBS options from the eMTC TBS table are [256 328, 376]. The only option that is “around” 320 is 328 bits. Fixing the minimum TBS to one value will minimize SI bits thus it is proposed:
Proposal: The minimum EDT TBS is fixed in specification at 328 bits

There are at least a couple of approaches that can be used to indicate the blind decoding EDT TBS. One approach is that a set of blind decoding TBS values can be defined e.g. 8 values where one value is indicated for each blind decoding TBS. The problem with this approach is that to get a set of values evenly distributed between the max and min, we need different tables for each max TBS value. Also, there isn’t that much granularity in eMTC TBS values for lower max TBS values so many of entries will be duplicates. Given the above issues, a simpler approach is to define the blind decoding TBS values based on a table fixed in the specification based on the number of blind decodes and the max EDT TBS. This allows values to be more evenly distributed between max and min. This method also only requires the number of blind decodes (i.e. 1,2, or 3) to be broadcasted, minimizing SI information. Below is an example table:
	No Blind
Decodes
	1 Blind Decode
	2 Blind Decodes
	3 Blind Decodes

	Max TBS
	Min
	1 of 1
	Min
	1 of 2
	2 of 2
	Min

	328
	328
	X
	328
	x
	x
	328

	408
	
	376
	
	392
	376
	

	504
	
	408
	
	440
	376
	

	600
	
	424
	
	488
	376
	

	712
	
	504
	
	584
	456
	

	808
	
	536
	
	600
	408
	

	936
	
	584
	
	712
	504
	

	1000/936
	
	600
	
	776
	472
	



Proposal: The blind decoding EDT TBS are indicated via a table lookup using the Max EDT TBS and number of blind decodes. 

To summarize, the following information would be broadcasted in SI:
 Max EDT TBS - 3 bits
# of blind decodes -  2 bits (0,1,2,3)
Sub-PRB Support
There are many advantages of sub-PRB transmission:
UL Spectral Efficiency
UE Battery Life
SNR gain
Increased UE Tx power (via lower PAPR)

Given one of main advantages is UE power saving which is the same goal as EDT, supporting sub-PRB transmissions for EDT should be supported.  
Proposal: Sub-PRB transmission should be supported for EDT transmissions

Three methods to support sub-PRB transmission for EDT were analyzed:

#1 Dual Schedule
One solution is for the eNB to send two RARs; one RAR for full-PRB allocation and one RAR for Sub-PRB allocation. It is expected that the two RARs will point to the same UL resources. The UL spectral efficiency would not be improved because the UL resource allocation would need to be big enough to support the full-PRB transmission but all the other advantages of Sub-PRB transmission are achieved (i.e. UE Battery Life, SNR gain & increase UE Tx power). The main disadvantages of this approach are that the eNB would need to send two RARs and would need to do two decodes. 

#2 Implicit Dual Schedule
This solution is similar to the “Dual Schedule” approach but only one RAR is sent. There would be a 1:1 mapping defined in the specification from the full-PRB allocation to the sub-PRB allocation.  The mapping would take the full-PRB repeats and map that to a sub-carrier configuration with number of sub-carriers, number of RUs, and number of repeats.  Like with the “Dual Schedule” approach, the explicit full-PRB allocation and the implicit sub-PRB allocation will point to the same UL resources. An example 1:1 mapping is shown in the table below:
	Full-PRB allocation
Repeats
	Sub-PRB Allocation

	1
	No Sub-PRB

	2
	6 SC, # RU=1, Repeats=1

	4
	3 SC, # RU=1, Repeats=1

	8
	3 SC, # RU=1, Repeats=2

	16
	3 SC, # RU=1, Repeats=4

	32
	3 SC, # RU=2, Repeats=4

	64
	3 SC, # RU=4, Repeats=4

	128 
	3 SC, # RU=4, Repeats=8



This would not need to be a mandatory feature for the eNB, as the eNB could broadcast via SI, if the eNB supports implicit scheduling of Sub-PRB transmissions in message 3 or NOT.

The advantages and disadvantages of this approach are similar to the “Dual Schedule” with the difference between them that there is now only ONE RAR. 

Observation: The Implicit Dual Schedule approach only requires one RAR to support full-PRB (legacy) and sub-PRB transmission

#3 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. This solution can utilize all the advantages of sub-PRB include UL spectral efficiency. The main disadvantage of this approach is that the two features are tied together thus reducing the flexibility for the UE vendors to deploy the features separately. 

The following table summarizes the advantages and disadvantages of each approach:
	Option
	Advantage
	Disadvantage

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

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

	#3 Tie EDT and Sub-PRB features Together
	UL Spectral Efficiency, UE Battery Life, SNR gain, & increase UE Tx power 
	Features are tied together



Proposal:  The “Implicit Dual Schedule” solution should be specified to support of EDT sub-PRB transmissions.

Details of “Implicit Dual Schedule” Design
To implement a “Implicit Dual Schedule” design will not require many RAN1 or RAN2 agreements.

For RAN1:
Since eNB support is optional, how to indicate network support needs to be agreed. 
Proposal:  EDT Sub-PRB network support is indicated via broadcasted SI

We need an agreement on the location of the Sub-PRB transmission within the Full-PRB transmission.
Proposal:  Location of the EDT Sub-PRB allocations is always the lowest sub-carriers in the full-PRB transmission

We need an agreement on the 1:1 mapping of Full-PRB RAR allocation to the Sub-PRB allocation. For simplicity, the mapping can be made solely based on the number of full PRB repeats and not the TBS size. To ensure good rates are achieved, the sub-PRB allocations assume a TBS of ~ 1000 are sent. The following mapping is proposed:
Proposal:  The mapping of EDT Sub-PRB allocations are based only the Repeat field in the RAR. The following mapping is specified:
Repeat field=1-8,	No Sub-PRB
Repeat field=16,	3 SC, # RU=4, Sub-PRB Repeats=1
Repeat field=32,	3 SC, # RU=4, Sub-PRB Repeats=2
Repeat field=64,	3 SC, # RU=4, Sub-PRB Repeats=4
Repeat field=>128,	2 SC, # RU=4, Sub-PRB Repeats= Repeat field/32

Note: No new RAR design is needed.
Observation: No new RAR design is needed for EDT Sub-PRB support

For RAN2:
From a RAN2 perspective, the only work would be to define how the support for EDT Sub-PRB is indicated via SI. 
Observation: Very little RAN2 work is required to specify EDT Sub-PRB support.

Conclusion
Proposal: The indication of all the available EDT TBS should be indicated in SI.

Proposal: The set of 8 maximum TBS for EDT includes [328 408 504 600 712 808 936 1000A/936B]
             Note: 1000 is only applicable to CE Mode A
CE Mode A and B have the same Maximum TBS for EDT (except for 936 and 1000)

Proposal: The possible blind decoding EDT TBS values are taken from the Rel-13 PUSCH tables.

Proposal: The minimum EDT TBS is fixed in specification at 328 bits

Proposal: The blind decoding EDT TBS are indicated via a table lookup using the Max TBS and number of blind decodes. 

Proposal: Sub-PRB transmission should be supported for EDT transmissions

Observation: The Implicit Dual Schedule approach only requires one RAR to support full-PRB (legacy) and sub-PRB transmission

Proposal:  The “Implicit Dual Schedule” solution should be specified to support of EDT sub-PRB transmissions.

Observation: No new RAR design is needed for EDT Sub-PRB support
Observation: Very little RAN2 work is required to specify EDT Sub-PRB support.

Proposal:  EDT Sub-PRB network support is indicated via broadcasted SI

Proposal:  Location of the EDT Sub-PRB allocations is always the lowest sub-carriers in the full-PRB transmission

Proposal:  The mapping of EDT Sub-PRB allocations are based only the Repeat field in the RAR. The following mapping is specified:
Repeat field=1-8,	No Sub-PRB
Repeat field=16,	3 SC, # RU=4, Sub-PRB Repeats=1
Repeat field=32,	3 SC, # RU=4, Sub-PRB Repeats=2
Repeat field=64,	3 SC, # RU=4, Sub-PRB Repeats=4
Repeat field=>128,	2 SC, # RU=4, Sub-PRB Repeats= Repeat field/32
