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1. Introduction
At RAN2#101 the following agreements were made on the subject of EDT. 
	Agreements
- Protocol overhead (MAC/RLC/PDCP/RRC) for EDT is assumed to be 25 bytes for TBS evaluations.

- The minimum possible TB size is assumed to be around 320 bits based on the values in (N)PUSCH tables.




	Agreements
- If new UL grant format is defined, it does not need to be backwards compatible.
- Same RAR format is used for EDT UEs.




	Agreements
- The EDT UL grant shall always allow the max TB size broadcasted in system information unless the provided UL grant is for legacy Msg3.
- The EDT UL grant shall allow the UE to choose an appropriate TB size, MCS, repetitions, and RUs (for NB-IoT) from a set of TB sizes provided based on the UL data. It is FFS how the set of possible TB sizes, MCS, repetitions, and RUs (for NB-IoT) is provided, e.g. hardcoded in the specs. This is pending RAN1 confirmation.

- RAN2 assumes that 8 possible candidate values for the maximum TB size broadcasted in system information. RAN2 assumes that for each maximum TB size broadcasted, up to 4 possible TB sizes, i.e. blind decoding options, are allowed.

- For eMTC, the reserved bit in MAC RAR can be used for the EDT feature in eMTC only if it is necessary.
- Send an LS reply to RAN1 capturing the agreements above including the agreement on the maximum and minimum possible TB sizes and ask RAN1 for confirmation.



In summary, SI will be used to indicate one of 8 possible maximum TB sizes of EDT message allocation and there will be up to 4 possible sizes of EDT message that the eNB will be able to receive by using blind decoding. RAN2 has assumed a minimum TBS size of around 320 bits. 

The actual maximum TB sizes and allowed smaller TB sizes are FFS with participation of RAN1.

This document discusses some possible ranges of TB size and how the UE can be informed of the options.
2. TB sizes for EDT

In RAN2 discussion there has been a priority interest in minimizing the padding that a UE would need to apply to UL EDT messages. The amount of padding will be dependent on how closely a UE can match its UL needs with the options available.
RAN1 has defined a maximum TB size at around 1000 bits. If the minimum is around 320 bits and there are four possible TB sizes, including the minimum and maximum, then for example TB sizes of around 550 and 750 bits give a maximum padding of about 250bits in a case where the UE has slightly more to send than one of the allowable TB sizes. If only two values are designated, minimum and maximum, then the padding at worst could be the difference between just over 320 bits to fill to 1000 bits. More granularity is desirable from a UE power perspective.

The actual TB sizes are expected to be defined by RAN1 from a fairly limited range of values.
With the largest maximum size at around 1000bits and 7 smaller maximum sizes that can be indicated in SI then the amount of required padding can be reduced by using a smaller maximum and allowing all four blind decoding options. The downside of smaller maximums is that legacy UL will be required for more potential UL transmissions that exceed the maximum available.
The most efficient in use of SI bits would be to pre-set the 8 maximum values and have the UE hold them in memory. The SI indication then only needs to use 3 bits to indicate one of the 8 values.
Proposal 1: The eight maximum EDT TB sizes should be indicated using 3 bits in SI.

3. Informing the UE of EDT sizes

Intermediate and minimum TB sizes are also expected to be specified by RAN1.

A UE should know before it initiates an EDT RACH request what EDT TB sizes are available. This will enable the UE to decide whether it will make an EDT request or a legacy request depending on the amount of padding. As currently agreed the only piece of information that the UE has from SI is the maximum EDT message size. If the amount of data is significantly less than the broadcasted maximum, the UE needs to know what smaller TB sizes may be available before making a decision. If the TB size information is only available in the RAR, a UE may be unpleasantly surprised by the amount of padding bits required. This process will unnecessarily waste UE power and eNB resources.
It would be much better for the UE to have all of the information on the EDT TB sizes before making an EDT request. This implies that the information on TB sizes should be included in SI.

Proposal 2: The indication of all the EDT TB sizes should be included in SI.
The ultimate in flexibility would be to allow any workable combination of TB sizes to be indicated in SI. This would require sufficient SI bits to define up to the three TBS values. Indexing them from a table containing 8 values would require 3 bits x 3 TBS values for a total of 9 bits.
There are expected to be a limited number of possible TB sizes for EDT. Minimizing SI bits is desirable and having fewer options will help to save broadcast overhead.
The minimum TB size of around 320 bits could be a fixed value, the same for all maximums and no signaling of this value would be required. Another possibility is to have the minimum as a standardized value uniquely associated with each maximum that also needs no signaling. The most flexible option is to allow the minimum to be specified. This would allow matching the range of available TB sizes to expected UL EDT traffic which might be helpful if a significant population of UEs have predictable needs within some narrow range. A consequence of a widely variable minimum is that the intermediate values will differ based on both the maximum and minimum. This will require more signaling information in SI. SI overhead can be reduced by choosing one of the standardized minimum options. The guaranteed availability of a very small minimum in all cases would be useful to provide for UEs that have only small amounts of data to send.
Proposal 3: There should be one default minimum TB size.
If the minimum TB size is a defined value this can help to reduce the number of options for the intermediate values. This is because they are most likely to be spaced to minimize padding for the widest range of intermediate sized messages. An approximately even spacing could be used but a non-linear spacing, which approximates a percentage maximum padding, may be better by making the step sizes smaller at the low end of the range.  
With the minimum and maximum TB sizes set, the options for intermediate TB sizes can also be set to match. This reduces the options that need to be signaled and held in a table memory at the UE. If only one intermediate TB size is used it should not be assumed that it would be one of the two if two are used. This means that for each of the eight maximum-minimum pairs there will be three intermediate table entries for a total of 24. Indicating the selection of these values in SI would require two bits that could be interpreted in combination with the maximum TB size indicating bits. Both bits set to zero indicates no intermediate blind decoding options. Onebit set would indicate one intermediate TB size taken from the table entry that is associated with the maximum TB size. The other bit set would indicate two intermediate TB sizes taken form the table entry matching the indicated maximum size.
Proposal 4: Two bits should be used to indicate to the UE the intermediate TB sizes available for EDT blind decoding

In practice the table of possible TBS sizes from RAN1 may be small enough that at the smaller maximum TBS size selections very few  options for intermediate values exist.
4. Sub-PRB for EDT

Given the many advantages of sub-PRB transmission:

· UL Spectral Efficiency
· UE Battery Life
· SNR gain
· Increased UE Tx power (via lower PAPR)

Given these advantages, supporting sub-PRB transmissions for EDT should be supported.  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 5:  The “Implicit Dual Schedule” solution should be specified to allow the support of sub-PRB transmissions in message 3.
From a RAN2 perspective the above solution would require the UE to know in advance if the network supports “Implicit Dual Scheduling” so this would need to be broadcasted in SI or sent via RRC.  If RAN1 feels it is necessary to support multiple mappings, then this could also be indicated in SI. No other RAN2 changes should be needed to support Sub-PRB in Msg3 with the “Implicit Dual Schedule” solution.
5. Conclusion
Proposal 1: The eight maximum EDT TB sizes should be indicated using 3 bits in SI.

Proposal 2: The indication of all the EDT TB sizes should be included in SI.
Proposal 3: There should be one default minimum TB size.

Proposal 4: Two bits should be used to indicate to the UE the intermediate TB sizes available for EDT blind decoding

Observation: The Implicit Dual Schedule approach only requires one RAR to support full-PRB (legacy) and sub-PRB transmission
Proposal 5:  The “Implicit Dual Schedule” solution should be specified to allow the support of sub-PRB transmissions in message 3.
