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Introduction
In RAN1#92bis aspects related to Early Data Transmission were agreed. 
· The 8 maximum TBS values are: 1000, 936, 808, 680, 584, 504, 408, 328 bits. 
· Only values of NRU and values of TBS in legacy Rel-13 NPUSCH table can be used for EDT 
· For each of the 8 maximum TBS values
· For each of the Rel-13 reserved ‘MCS index’ states there is one number of RUs
· The number of repetitions changes depending on the actual TBS, potentially including numbers of repetitions which are not included in legacy NPUSCH repetition numbers (FFS how) 
· Potential new numbers of repetitions may include multiple of 4 or 8

· The 8 maximum TBS values are: 1000, 936, 808, 680, 584, 504, 408, 328 bits
· For 1000 bits max TBS: I_RU = 3, 4, 5, 6, 7
· For 936 bits max TBS: I_RU = 3, 4, 5, 6, 7 
· For 808 bits max TBS: I_RU = 3, 4, 5, 6, 7
· For 680 bits max TBS: I_RU = 2, 3, 4, 6, 7
· For 584 bits max TBS: I_RU = 2, 3, 4, 5, 6
· For 504 bits max TBS: I_RU = 2, 3 4, 5, 6
· For 408 bits max TBS: I_RU = 2, 3, 4, 5, 6
· For 328 bits max TBS: I_RU = 2, 3, 4, 5, 6

· The 3 legacy MCS indices are used for fallback to non-EDT transmission. 
· The use of TBS smaller than the maximum configured is configured per CE level in SIB.
· Per cell, in the below, Ti < Ti+1, eNB can configure that the UE chooses from:
· When there are 4 permitted actual transmitted TBS {T1, T2, T3, T4}
· T2 or T4
· T1, or T2, or T3, or T4
· When there are 3 permitted actual transmitted TBS {T1, T2, T3}
· T2 or T3
· T1 or T2 or T3
· When there are 2 permitted actual transmitted TBS {T1, T2}
· T1 or T2
· Ti with the maximum value of i is the maximum TBS in SIB.
· Up to 4 TBS values are defined based on only the maximum broadcast TBS
· The following table is taken as baseline for up to 4 TBS values for each maximum broadcast TBS when the use of smaller TBS is enabled, which can be approved by an email discussion.
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It was concluded to further study aspects related to Msg. 3 retransmission until RAN1#93 meeting.
This contribution aims to discuss Msg.3 re-transmissions and fall back mechanisms for NB-IoT.

RAN2 agreements related to the discussion in this contribution is also listed below.
	· If EDT has been triggered the UE shall not send BSR in Msg3, i.e. the eNB may assume that there is no data to follow in the UL, which means that BSR is equal to 0 implicitly.
· For NB-IoT, a new mac-ContentionResolutionTimer is introduced for EDT with the legacy value range.
· For eMTC, a new mac-ContentionResolutionTimer is introduced for EDT with an extended value range. The value range is FFS.



Fall back mechanisms of EDT
In case UE needs to transmit UL packet that does not fit well the max broadcast TBS and  the 4 permitted actual transmitted TBS {T1, T2, T3, T4}, the UE should have the option of not transmitting data in EDT RACH procedure. For example, assume max broadcast TBS = 584 bits and TBS {T1, T2, T3, T4} = {328 bits, 408 bits, 504 bits, 584 bits}. Further, assume UE needs to transmit a pack size of 936 bits. The UE cannot fit its UL packet size in any of the 4 permitted actual TBS grants. 
In case EDT UL grant in Msg2 is smaller than EDT data packet, use of segmentation could be a solution but will require multiple Transport blocks to be transmitted. Segmentation is only possible on the User Plane. A solution for the Control Plane will also be needed. The benefits of EDT is less if transmission of multiple Transport Blocks is required. It is preferred that the EDT solution to avoid padding covers both CP and UP.
RAN2 agreed that if EDT has been triggered the UE shall not send BSR in Msg3, this implies segmentation is not supported.

The eNB may limit the number of UEs transmitting an UL packet using EDT RACH procedure in case eNB it cannot allocate sufficient resources for multiple grants in EDT. A simple solution is that the eNB uses one of the 3 legacy MCS indices in the RAR to indicate fallback to non-EDT transmission. The UE can transmits the BSR on Msg3 and get suitable UL grant in Msg5. 
Proposal 1: The eNB uses one of the 3 legacy MCS indices in the RAR to indicate fallback to non-EDT transmission.

Msg3 Re-transmission
RAN1#92bis agreement is for each of the Rel-13 reserved ‘MCS index’ states there is one number of RUs. Different code rates for the multiple grant TBS {T1, T2, T3, T4}  for a given MCS index indicated. The eNB does not know (i) UE selected TBS; (ii) channel conditions experienced by the UE. For example, assume again max broadcast TBS = 584 bits and TBS {T1, T2, T3, T4} = {328 bits, 408 bits, 504 bits, 584 bits}. For 584 bits max TBS, the number of RUs are I_RU = 2, 3, 4, 5, 6. If eNB indicates MCS index = “011”, we have NRU,1 = 2 RUs as shown in Table 1. In case UE selects actual TBS = 584 bits, the code rate is higher than if it selects 328 bits. Msg3 transmission may fail with higher probability. The eNB could indicate MCS index = “111” with NRU,5 = 6 RUs to allow more reliable transmissions at the expense of higher EDT resources. This may be wasteful for UEs experiencing good channel conditions.
For large Msg3 and UEs in poor coverage, a high number of Msg3 transmission attempts, N, should be avoided. The eNB should ensure EDT Msg3 grant allows robust transmission. If not, then UE falls back to legacy.  In practice, the right balance between robustness and efficiency may be difficult thing and it is reasonable allow Msg3 transmission attempts. Furter details are given in RAN2 contribution on this important aspect in [1].
When Msg3 transmission fails after N attempts, the eNB cannot know the transmitting UE as contention resolution has been resolved. However, the transmitting UE knows its Msg3 transmission has failed if it doesn’t get Msg4 before the contention resolution timer mac-ContentionResolutionTimer  expires. In this case, the UE can fall back to legacy RACH procedure.
Observation 1: The transmitting UE knows Msg3 transmission has failed if it doesn’t get Msg4 before the contention resolution timer expires.
Proposal 2:  When UE knows Msg3 transmission has failed, UE can fall back to legacy RACH procedure, or optionally perform EDT reattempt.

	
MCS Index

	Modulation




 or and
	Modulation



and
	Number of RUs


	TBS

	‘000’
	pi/2 BPSK
	QPSK
	4
	88 bits

	‘001’
	pi/4 QPSK
	QPSK
	3
	88 bits

	‘010’
	pi/4 QPSK
	QPSK
	1
	88 bits

	‘011’
	pi/4 QPSK
	QPSK
	NRU,1
	TBS {T1, T2, T3, T4}

	‘100’
	pi/4 QPSK
	QPSK
	NRU,2
	TBS {T1, T2, T3, T4}

	‘101’
	pi/4 QPSK
	QPSK
	NRU,3
	TBS {T1, T2, T3, T4}

	‘110’
	pi/4 QPSK
	QPSK
	NRU,4
	TBS {T1, T2, T3, T4}

	‘111’
	pi/4 QPSK
	QPSK
	NRU,5
	TBS {T1, T2, T3, T4}


Table 1. Spare 5 MCS indices for EDT

Conclusion
In this contribution, we discussed padding issue and solution for EDT. We made a number of observations and proposals.

Proposal 1: The eNB uses one of the 3 legacy MCS indices in the RAR to indicate fallback to non-EDT transmission.
Observation 1: The transmitting UE knows Msg3 transmission has failed if it doesn’t get Msg4 before the contention resolution timer expires.
Proposal 2:  When UE knows Msg3 transmission has failed, UE can fall back to legacy RACH procedure, or optionally perform EDT reattempt.
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