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1 Introduction
In the last RAN1#91, an LS was sent [1] to RAN2 addressing the TBS issue.

	RAN1 thanks RAN2 for their LS on early data transmission in NB-IoT to which RAN1 replies and requests further information as follows.

To the questions in the LS from RAN2:

1) RAN2 question: To support UL early data transmission in Msg3 during a RACH procedure initiated by a UE in RRC_IDLE, RAN2 assumes that Rel-13 PUSCH TB sizes can be used. Is such assumption viable? If not, what are the possible TB sizes for PUSCH transmission for EDT for eMTC and NB-IoT respectively?

RAN1 reply:

For NB-IoT, RAN1 will select from the Rel-13 NPUSCH TBS values, and it is feasible to support at least 5 MCS/TBS/RU size combinations. (RU = resource unit).

For eMTC, RAN1 will select from the Rel-13 PUSCH TBS values, and the 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. 

Note that RAN1 replied in part in a previous LS R1-1719103.

2) RAN2 question: To support above TB sizes for Msg3, would there be need for new UL grant format(s) in RAR?  If yes, what changes are foreseen?

RAN1 reply:

For NB-IoT, it has been agreed in RAN1 that:

· The number of MCS/TBS/RU states that can be used for EDT will be chosen from 

· Limited MCS/TBS/RU states
· Alt. 0: 5 unused MCS/TBS/RU states and 0 bit in SIB
· Alt. 1: As many as supported by using 1 spare bit from RAR and 0 bit in SIB
· Alt. 2: As many as supported by using 2 spare bits from RAR and 0 bit in SIB
· Alt. 3: As many as supported by using 2 bits in SIB and 0 spare bit in RAR
· Alt. 4: As many as supported by using maximum TBS value in SIB and 0 spare bit in RAR
· Alt. 5: 1 spare bit in RAR used for new/modified UL grant and 0 bit in SIB
· From RAN1’s point of view

· Uplink subcarrier spacing field, subcarrier indication field, scheduling delay field and Msg3 repetition number field in RAR UL Grant for uplink EDT in Msg3 do not need to be changed according to current RAN2 agreements. 

· The above applies to above Alts. 1-4
RAN1 respectfully ask RAN2:

1. To inform RAN1 how many TBS values are needed for early data transmission for each of NB-IoT and eMTC.

2. To provide feedback on the above mentioned alternatives for the number of MCS/TBS/RU states for NB-IoT.

3. To inform RAN1 whether one reserved bit in MAC RAR can be used for the EDT feature for eMTC.




In this document, we address the TBS issue for EDT in NB-IoT and MTC in the aim to answer RAN1 questions. 
2 Discussion
2.1 General
In general, having a large set of possible TBS will provide better flexibility to the eNB and to the operators that can select the TBS values based on known applications. However, the full set of existing values is not necessary needed as long as the selected subset provides a good range of values.
Also, as discussed in the e-mail [100#38] [MTC-NB-IoT] Padding issue in MSG3 [2], the smaller TBS values are not useful. In the e-mail discussion, there is quite different understanding of what the minimum value should be. In the following, we assume 320 bits considering non-IP data, a minimum of 15 bytes user data and 25 bytes 3GPP protocol overhead in the CP solution. The exact value can be further discussed.
Observation 1: A reasonably large subset of TBS values provides flexibility. 
Observation 2: Not all legacy values are needed and TBS values below [320] bits are not useful.
Proposal 1: Indicate to RAN1 that the larger the number of TBS values the better in both NB-IoT and MTC.
Before discussing the different alternatives, it should be noted that there is no backward compatibility problem, i.e. only in response to an EDT request will the new grant format / definition apply. 
Proposal 2: RAN2 to confirm that the new UL grant format / definition does not need to be backward compatible.
2.2 NB-IoT

According to the LS, RAN1 has agreed to select TBS values for EDT Msg3 from the Rel-13 NPUSCH TBS values for NB-IoT.

As explained in observation 2, we think TBS values below 320bits (except for the legacy 88bits) are not useful for EDT Msg3. The Rel-13 NPUSCH TBS values larger than 320bits are highlighted in yellow in the following MCS/TBS/RU table in TS36.213 [3], including 22 TBS values: {328bits, 344bits, 392bits, 408bits, 424bits, 440bits, 456bits, 472bits, 504bits, 536bits, 552bits, 568bits, 584bits, 600bits, 616bits, 680bits, 712bits, 776bits, 808bits, 872bits, 936bits, 1000bits}.

Table 16.5.1.2-2: Transport block size (TBS) table for NPUSCH.
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	0
	1
	2
	3
	4
	5
	6
	7

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	88
	176
	256
	392
	504
	600
	808
	1000

	7
	104
	224
	328
	472
	584
	712
	1000
	

	8
	120
	256
	392
	536
	680
	808
	
	

	9
	136
	296
	456
	616
	776
	936
	
	

	10
	144
	328
	504
	680
	872
	1000
	
	

	11
	176
	376
	584
	776
	1000
	
	
	

	12
	208
	440
	680
	1000
	
	
	
	


The more TBS values are supported for EDT Msg3, the more possible MCS/TBS/RU states need to be indicated by the eNB, according to the RAN1 LS, through UL grant in RAR or SIB. If all TBS values highlighted in yellow in the above table are supported, there will be 45 possible MCS/TBS/RU combinations.
RAN1 has agreed to define a limited number of MCS/TBS/RU states that can be used for EDT, RAN1 has identified 6 alternatives to signal the MCS/TBS/RU states and has asked RAN2 to provide feedback on these alternatives.
· Alt. 0: 5 unused MCS/TBS/RU states and 0 bit in SIB
This alternative only allows 5 MCS/TBS/RU combinations. Considering that the MCS/RU will be different for different coverage level, this only allow one or two TBS in one CEL. We think this is too restrictive and that it will be difficult to select the appropriate values.
· Alt. 1: As many as supported by using 1 spare bit from RAR and 0 bit in SIB
Alt. 2: As many as supported by using 2 spare bits from RAR and 0 bit in SIB
These two alternatives are similar, Alt.1 allowing 13 combinations and Alt.2 29 combinations. There are very close TBS values in above TBS values set, for example, 408bits and 424bits, 440bits and 456bits, 600bits and 616bits, etc. Considering that the eNB cannot know the exact EDT Msg3 size of the UE, some TBS values closed to another one can be removed, especially the TBS values which can only be used in one coverage level, e.g.  In this case, we think 29 combinations maybe enough for scheduling of Msg3 in EDT.
Considering that there are 6 spare bits in the RAR in NB-IoT, Alt.2 is preferred as it offers a bit more flexibility in the scheduling.
· Alt. 3: As many as supported by using 2 bits in SIB and 0 spare bit in RAR
We think this is quite similar to Alt.2 above but it is not clear what the 2 bits in the SIB will indicate. The approach is less flexible that alt.2 and we do not see a justification for using bits in the SIB. 
· Alt. 4: As many as supported by using maximum TBS value in SIB and 0 spare bit in RAR
This alternative has the benefit of allowing all possible TBS and not using any spare bits. The first three entries are kept to indicate the legacy grant and the five remaining entries can indicate the MCS/RU. Thus, Alt. 4 provides 5 MCS/RU combinations for each TBS broadcasted in SIB. In above TBS table, only 328bits TBS has 6 MCS/RU combinations, other TBS values have less than or equal to 5 MCS/RU combinations.
The alternative removes the flexibility to signal a grant different from either legacy or the broadcast TBS but we do not see a use case for it.  
· Alt. 5: 1 spare bit in RAR used for new/modified UL grant and 0 bit in SIB
In our understanding, in this alternative, the spare bit indicates whether the UL grant follows the legacy format (i.e. legacy grant) or a new/modified format (3bits indicating TBS/MSC/RU) to be defined by RAN1. If the UL grant follows the new/modified format, 8 combinations are provided.
With this understanding, alt.5 provides 8 combinations, somewhere between alt.0 (5 combinations) and alt.1 (13 combinations) and is a bit restrictive.
Based on the analysis above, we have the following proposal:
Proposal 3: RAN2 to provide the following feedback to RAN1 for NB-IoT:

· Alt.0, Alt.1 and Alt.5 are too restrictive in terms of number of possible combinations.
· Alt.2 allows enough combinations for flexibility and can be a suitable option.
· Alt.3 has not benefit compared to alt 2, is less flexible and uses unnecessarily bits in the SIB.
· Alt.4 offers the full flexibility in terms of which TBS can be used and is preferred.
2.3 MTC
For MTC, RAN2 is asked to provide feedback on whether the reserved bit in MAC RAR can be used for the EDT feature. 
As mentioned in proposal 1, we think the larger number of TBS values the better for scheduling flexibility. In our understanding, with the reserved bit in RAR, more MCS/TBS/PRB combinations can be provided by the RAR. 

If the reserved bit is used, there is no backward compatibility problem since the new RAR format is only for EDT procedure in MTC. The use of the reserved bit will not impact LTE and legacy procedure of MTC. Thus, from RAN2 point of view, we think the reserved bit in RAR can be used for the EDT feature in MTC.
Proposal 4: Indicate to RAN1 that the reserved bit in MAC RAR can be used for the EDT feature in MTC.
3 Conclusion
In this document, we have addressed the TBS issue for EDT. We have made the following observations and proposals: 
Observation 1: A reasonably large subset of TBS values provides flexibility. 

Observation 2: Not all legacy values are needed and TBS values below [320] bits are not useful.

Proposal 1: Indicate to RAN1 that the larger the number of TBS values the better in both NB-IoT and MTC.
Proposal 2: RAN2 to confirm that the new UL grant format / definition does not need to be backward compatible.
Proposal 3: RAN2 to provide the following feedback to RAN1 for NB-IoT:

· Alt.0, Alt.1 and Alt.5 are too restrictive in terms of number of possible combinations.

· Alt.2 allows enough combinations for flexibility and can be a suitable option.

· Alt.3 has not benefit compared to alt 2, is less flexible and uses unnecessarily bits in the SIB.

· Alt.4 offers the full flexibility in terms of which TBS can be used and is preferred.

Proposal 4: Indicate to RAN1 that the reserved bit in MAC RAR can be used for the EDT feature in MTC.
Corresponding draft reply LS to RAN1 is provided in [4].
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