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Introduction
Early UL/DL data transmission (EDT) in Msg3/Msg4 is being introduced in Rel-15 for both NB-IoT UEs [1] and BL/CE UEs [2].
In this contribution, we present our view on the following questions raised by RAN2 in the LS in [3]:
	To include payload data in Msg3, the UL grant provided in RAR for the purpose of EDT needs to be larger than currently specified minimum grant sizes (56 bits for eMTC and 88 bits for NB-IoT). RAN2 assumes that the Rel-13 TBS tables for PUSCH transmission are used for EDT for eMTC and NB-IoT respectively. RAN2 also understands that the possible TBS for Msg3 should be decided by RAN1. 
RAN2 is currently working on the following FFS: “FFS details on the PRACH pool, e.g., preamble/time/frequency/carrier domain of PRACH partitioning.”
RAN2 would like to kindly ask the following questions to RAN1: 
1) 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?
2) 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?


Discussion
RAN1 has already sent the following partial answers in an LS to RAN2 [4]:
	In Rel-13/14, the TBS for Msg3 is:

· 88 bits for NB-IoT UEs
· Maximum 712 bits for BL/CE UEs in CE mode A
· Maximum 328 bits for BL/CE UEs in CE mode B

In RAN1#90bis, the following were agreed in RAN1 regarding data transmission during the random access procedure for NB-IoT:

· From RAN1 point of view, it is feasible to support early UL data transmission in Msg3 from an NB-IoT UE using some TBS value(s) from the TBS range specified for NB-IoT in Rel-13 with a maximum total TBS of 1000 bits.
· FFS if and how there will also be a larger supported maximum total TBS
· The detailed value(s) should consider the payload size of early data packets from RAN2.
· From RAN1 perspective, the physical layer design will assume eNB is not required to always provide a grant of a larger TBS for Msg3 and can decide to just provide a grant for 88 bits instead.

RAN1 also agreed the following for early data transmission during the random access procedure for BL/CE UEs:

· From RAN1 point of view, it is feasible to support early UL data transmission in Msg3 from a BL/CE UE using some TBS value(s) from the TBS range specified for BL/CE UEs in Rel-13 with a maximum total TBS of 1000 bits.
· FFS if and how there will also be a larger supported maximum total TBS (than 1000 bits)
· The detailed value(s) should consider the payload size of early data packets from RAN2.
· From RAN1 perspective, the physical layer design will assume eNB is not required to always provide a grant of a larger TBS for Msg3 and can decide to just provide a grant corresponding to Rel-13 Msg3 TBS instead.




Figure 1 shows the definition of the MAC RAR message for NB-IoT UEs [5]. As can be seen from the figure, the UL grant field is 4+8+3=15 bits.


[bookmark: _Ref494242395]Figure 1: Definition of MAC RAR for NB-IoT
Table 1 shows the definitions of the UL grant field in the MAC RAR for NB-IoT [6]. The MCS index field has 3 bits but only 3 out of 8 values are currently utilized, and in all 3 cases the TBS is 88 bits (the 3 values are used for indicating the modulation and the number of resource units (RUs) in the allocation.
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	DCI contents
	Number of bits

	Uplink subcarrier spacing
	1

	Subcarrier indication field
	6

	Scheduling delay field
	2

	Msg3 repetition number
	3

	MCS index indicating TBS, modulation, and number of RUs for Msg3
	3

	Total Nr-bits
	15



In principle, it should be straightforward to use the MCS field and potentially one of the reserved ‘R’ bits to indicate a range of larger TBS values for EDT in Msg3. However, since eNB can be expected to have little to no knowledge about the amount of UL data in the UE buffer and about the UL channel quality, it may be difficult to exploit a TBS range with fine resolution. Also, it has been suggested that it is desired to support EDT for 100-byte packets [7], which would require somewhat larger TBS. Therefore, it may be desired to consider a different range of TBS values, perhaps a much smaller range that includes a TBS large enough for a 100-byte packet, e.g. the maximum TBS supported in Rel-13, which is 1000 bits.
Rel-14 introduces various data rate enhancements for NB-IoT UEs in connected mode [8]. For UEs capable of these Rel-14 data rate enhancements, at least from RAN1 point of view it may be feasible and beneficial to be able to perform EDT using a larger UL TBS compared to what is possible or Rel-13 NB-IoT UEs. This may be feasible regardless of whether a UE performing EDT is considered to be in idle mode or connected mode. However, since eNB can be expected to have little to no knowledge about the amount of UL data in the UE buffer and about the UL channel quality (at least until it has received the potential BSR in Msg3), it may be difficult to exploit a TBS range with a large range. As shown in [9], in a macro-cell network an UL TBS larger than 1000 bits can typically be assumed to only be useful in a portion of the cell area.
A UE that supports EDT can be required to support Rel-14 data rate enhancements, but if a UE that supports EDT may or may not support Rel-14 data rate enhancements, it may be necessary to use different EDT indications through NPRACH in order to distinguish between EDT requests from UEs that support Rel-14 data rate enhancements and those who don’t. This may result in excessive NPRACH resource fragmentation and/or a need to introduce additional NPRACH resources. Therefore, our preferred solution is that all EDT-capable NB-IoT UEs support the same maximum TBS for Msg3. If it is desired to be able to support EDT on existing Cat-NB1 UE platforms with small changes, that maximum TBS may be 1000 bits, but it would also be possible to require that EDT-capable NB-IoT UEs support a larger maximum TBS (e.g. 2536 bits).
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Furthermore, it should be noted that it is not yet decided whether the RAR UL grant needs to be backwards compatible or not. This depends on the details of the EDT indication via NPRACH. As mentioned in the LS from RAN2 [3], RAN2 is working on these details, and a RAN2 email reflector discussion on this topic is summarized in [10]. According to some EDT indication solutions, the NPRACH resources are shared rather than split between legacy UEs and EDT-capable UEs. In this case the eNB will not yet know when it transmits the RAR whether the accessing UE is a legacy UE or an EDT-capable UE, so in this case the RAR format would need to be backwards compatible so that it can be understood by a legacy UE. Therefore, the following cases may be considered:
1. If RAR needs to be backwards compatible, the meaning of the MCS field in the UL grant cannot be changed.
· The currently reserved bits (“R”) in RAR could potentially be used for informing EDT-capable UE whether it can use larger MCS/TBS than the one indicated in the backwards compatible RAR UL grant. The larger MCS/TBS can be indicated using some of these reserved bits.
2. If the RAR does not need to be backwards compatible, the meaning of the MCS field in the UL grant can be changed.
· The MCS field can be redefined to cover suitable MCS/TBS values up to the maximum value supported by EDT-capable NB-IoT UEs. As a complement or alternative, some reserved bits (“R”) can also be used.
The above considerations are captured in the following proposals:
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[bookmark: _Toc498698960][bookmark: _Toc498699460][bookmark: _Toc498699826][bookmark: _Toc498699859]For NB-IoT UEs, if RAR does not need to be backwards compatible, the MCS field in Rel-13 RAR UL grant (3 bits) can be redefined to cover the desired MCS/TBS range. As a complement or alternative, the reserved bits (“R”) could also be used.
Conclusion
We propose the following:
Proposal 1	All EDT-capable NB-IoT UEs support the same maximum TBS for EDT in Msg3 (i.e. pick 1000 bits or possibly 2536 bits, but not both).
Proposal 2	For NB-IoT UEs, if RAR needs to be backwards compatible, the Rel-13 RAR UL grant definition cannot be changed, but the currently reserved bits (“R”) in RAR could potentially be used for informing EDT-capable UE about the larger TBS.
Proposal 3	For NB-IoT UEs, if RAR does not need to be backwards compatible, the MCS field in Rel-13 RAR UL grant (3 bits) can be redefined to cover the desired MCS/TBS range. As a complement or alternative, the reserved bits (“R”) could also be used.
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