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Introduction
[bookmark: _Ref421460494][bookmark: OLE_LINK11]The LTE release 15 efeMTC WID [1] includes one objective on support for early data transmission. In the last meeting, there are some RAN1 agreements [2] on early data transmission as following:
RAN1#92 meeting agreements
· The maximum TBS broadcasted in system information are selected from 8 values which are taken from the Rel-13 PUSCH tables.
· The up to 4 possible TBS which is smaller than or equal to the maximum broadcast TBS values for the UE to choose among are FFS. FFS: How the UE obtains the up to 4 possible values.
· Support NW enabling the use of TBS smaller than the maximum configured. FFS details.
Based on above agreements, we discussed some details to support UL EDT from RAN1 perspective, including providing of multiple possible TBSs for Msg3.
UL early data transmission
[bookmark: OLE_LINK19]Since eNB cannot obtain any information on UE’s data buffer size before Msg3, eNB may allocate a TBS relatively larger than the UE’s data buffer size, wherein padding bits is necessary. In order to reduce the number of padding bits for smaller UE power consumption and spectral efficiency, providing up to 4 possible Msg3 TBSs for UE selection is agreed in the last RAN2 meeting [3]. For the multiple possible TBSs, eNB need do blind decoding of Msg3, i.e., up to 4 attempts of decoding. In addition, signaling to provide the multiple possible Msg3 TBSs is required, e.g. high layer signaling, or physical layer signaling. From RAN1 perspective, it is feasible to provide the up to 4 possible TBSs for EDT Msg3 via RAR grant. For example, a table including a set of multiple possible TBSs can be specified, and one TBS set in the table can be indicated in RAR grant. 
[bookmark: OLE_LINK2]Observation #1: It is feasible to provide up to 4 possible TBSs for EDT Msg3 via RAR grant from RAN1 perspective.
[bookmark: OLE_LINK3]For a Rel-15 BL/CE UE, if the UE’s data buffer size is smaller than the broadcast maximum TBS, PRACH resource for EDT should be used, otherwise, PRACH resource for non-EDT should be used. This can avoid unnecessary access of EDT PRACH to reduce congestion probability. If all of the 4 possible TBSs are smaller than the broadcast maximum TBS, there may be one case that the UE’s data buffer size is smaller than the broadcast maximum TBS and larger than all of the 4 possible TBSs. Thus, the UE’s data cannot be completely carried in Msg3, and this will conflict with the original intention of EDT feature. In order to avoid the case, the 4 possible TBSs should always include the broadcast maximum TBS. In addition, in the last RAN2 meeting, the agreement ‘The EDT UL grant shall always allow the max TB size broadcasted in system information unless the provided UL grant is for legacy Msg3” is also aligned with the analysis.
Proposal #1: The up to 4 possible TBSs always include the broadcast maximum TBS.
In the last meeting, one agreement is that ‘Support NW enabling the use of TBS smaller than the maximum configured’. When NW disables the use of TBS smaller than the broadcast maximum TBS, EDT grant should always indicate a single TBS, i.e., the broadcast maximum TBS based on above discussion for proposal #2. In this case, eNB needn’t support blind decoding of Msg3, i.e., eNB capability of Msg3 blind decoding can be optional for EDT. The capability may be dependent on CE level due to more effort on blind decoding in large repetition level. To support the flexibility, the use of TBS smaller than the broadcast maximum TBS can be enabled or disabled per CE level.
Proposal #2: The use of TBS smaller than the broadcast maximum TBS can be enabled/disabled per CE level.
Considering legacy RAR and Rel-15 EDT RAR may be multiplexed in a MAC PDU, backward compatibility of MAC RAR CE should be preserved. That is, current size of UL Grant field in MAC RAR should be reused to keep backward compatibility of MAC RAR CE since there is no reservation field after UL Grant field in current RAR MAC CE for both CE Mode A and CE Mode B, as showed in Figure 1 and Figure 2.
Proposal #3: Keep legacy size of UL grant field in MAC RAR for backward compatibility for both CE Mode A and CE Mode B. 


         
Figure 1: MAC RAR for CE mode A            Figure 2: MAC RAR for CE mode B
For the up to 4 possible TBSs for Msg3, different resource allocation is not recommended due to resource wasting. Since all of the allocated resources for the up to 4 possible TBSs need to be reserved, the unused resources for the unselected TBSs by UE cannot be released for other scheduling and resource wasting will be caused. Therefore, a single resource allocation should be used for the up to 4 possible TBSs for both CE Mode A and CE Mode B. And, UE can adjust coding rate and transmission power in the same resource to fit the up to 4 possible TBSs.
Proposal #4: Use the same resource allocation for the up to 4 possible TBSs.
Though the up to 4 possible TBSs can use the same resource allocation, different number of repetitions should be used for effective utilization of resource. One benefit of different repetition number is that if a small possible TBS with a small repetition number is successfully decoded, subsequent resources for remaining repetitions of a large possible TBS can be released and reallocated to other UE. To reduce the signaling overhead, current indicator for repetition number in RAR grant can be used for the largest TBS within the up to 4 possible TBSs, i.e., the broadcast maximum TBS. And, repetition number of other TBSs within the up to 4 possible TBSs can be derived based on the repetition number of broadcast maximum TBS using a formula, e.g. RN_2 = {RN_1*(TBS_2+24)/(TBS_1+24)}. Here, {.} is round up to a closest value among existing repetition numbers in the specification.
Proposal #5: Use different repetition number for the up to 4 possible TBSs.
Proposal #6: Repetition number of the TBS smaller than be maximum TBS is implicitly derived based on the repetition number of the maximum TBS which is indicated in RAR grant.
As above discussion, legacy size of RAR grant should be kept for backward compatibility. To keep legacy size of RAR grant, it is unpractical to separately indicate TBS value for the up to 4 possible TBSs in RAR grant, and separate indication is also unnecessary. A simple method is to specify a table of TBS set which includes one or multiple possible TBS. Current MCS/TBS field can be used to indicate the index of the new TBS table. Modulation order can be fixed to QPSK, and RV of the first repetition can be fixed to ‘0’. As showed in table 1 and table 2 for CE Mode A and CE Mode B respectively, 1~4 possible TBSs can be included to provide eNB flexibility on the number of blind decoding. The multiple possible TBSs can use approximate arithmetic progression or some typical TBS values provided by RAN2.
Proposal #7: A new TBS table is specified, and each index of the table includes one or multiple TBS.
[bookmark: _GoBack]Proposal #8: Only support QPSK for MSG 3 in EDT for eMTC. 
Table 1: A new TBS table for CE Mode A
	Index
	TBS

	‘000’
	{1000, 776, 552, 328} bits

	‘001’
	{1000, 840, 632, 424} bits

	‘010’
	{1000, 632, 328} bits

	‘011’
	{1000, 776, 424} bits

	‘100’
	{1000, 776} bits

	‘101’
	{1000, 552} bits

	‘110’
	1000 bits

	‘111’
	Reserved status



Table 2: A new TBS table for CE Mode B
	Index
	TBS

	‘000’
	{936, 776, 552, 328} bits

	‘001’
	{936, 632, 328} bits

	‘010’
	{936, 552} bits

	‘011’
	936 bits



To support flexibility, above table of TBS set should be dependent on the broadcast maximum TBS. Considering the broadcast maximum TBS is selected from 8 values, up to 8 tables of TBS set need to be specified. 
[bookmark: OLE_LINK4]Proposal #9: For each broadcast maximum TBS value, a corresponding TBS table is specified.
To support flexibility, fallback mechanism should be considered for EDT, e.g., eNB can provide a UL grant for legacy Msg3 if there is no enough resource for EDT Msg3 at that time. Comparing with TBS value for legacy Msg3, the possible TBS value for EDT Msg3 has a relatively high coding rate, especially for CE Mode B. When eNB rejects EDT request from a UE, i.e., Msg1 for EDT request is transmitted while legacy Msg3 is scheduled without carrying data, the TBS table for legacy Msg3 with low coding rate is preferred to accommodate wireless channel condition. To provide the optimization, the single reserved bit in MAC RAR can be used to differentiate EDT Msg3 and legacy Msg3, i.e., interpretation of MCS/TBS field is determined by the reserved bit in MAC RAR.
Proposal #10: Use 1 reserved bit in MAC RAR to differentiate EDT Msg3 and legacy Msg3.
Another issue is whether to support sub-PRB allocation for Msg3. In another accompanying paper [4], specification impacts of sub-PRB allocation are discussed, wherein resource allocation needs to be redesigned. To support sub-PRB allocation for Msg3, besides specification impact on RAR grant content, a key specification impact is that PRACH partitioning needs to be used to indicate sub-PRB capability. Considering currently up to 8 PRACH configurations for indication of EDT/non-EDT per CE level, about 16 PRACH configurations are required if supporting PRACH partitioning for indication of sub-PRB capability. Thus, PRACH partitioning will be more complex and PRACH capacity will be a problem. Besides PRACH partitioning for indication of sub-PRB capability, another method is to make sub-PRB capability mandatory on EDT support. However, there is no any bundling relationship for EDT feature and sub-PRB feature, and the imposed restriction is not recommended.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal #11: Sub-PRB allocation for Msg3 PUSCH is not supported.
Conclusion
In this contribution, we discussed details to support early data transmission from RAN1 perspective. Based on above discussion, we have following proposals:
Proposal #1: The up to 4 possible TBSs always include the broadcast maximum TBS.
Proposal #2: The use of TBS smaller than the broadcast maximum TBS can be enabled/disabled per CE level.
Proposal #3: Keep legacy size of UL grant field in MAC RAR for backward compatibility for both CE Mode A and CE Mode B. 
Proposal #4: Use the same resource allocation for the up to 4 possible TBSs.
Proposal #5: Use different repetition number for the up to 4 possible TBSs.
Proposal #6: Repetition number of the TBS smaller than be maximum TBS is implicitly derived based on the repetition number of the maximum TBS which is indicated in RAR grant.
Proposal #7: A new TBS table is specified, and each index of the table includes one or multiple TBS.
Proposal #8: Only support QPSK for MSG 3 in EDT for eMTC. 
Proposal #9: For each broadcast maximum TBS value, a corresponding TBS table is specified.
[bookmark: OLE_LINK16]Proposal #10: Use 1 reserved bit in MAC RAR to differentiate EDT Msg3 and legacy Msg3.
Proposal #11: Sub-PRB allocation in Msg3 is not supported.
And observation:
Observation #1: It is feasible to provide up to 4 possible TBSs for EDT Msg3 via RAR grant from RAN1 perspective.
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