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Introduction
The Rel-15 WI on “Further NB-IoT enhancements” [1] has the following WI objective:
· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3]
The Rel-15 WI on “Even further enhanced MTC for LTE” [2] has a similar WI objective for machine-type communications for BL/CE UEs:
· Support early data transmission [RAN2 lead, RAN1, RAN3]
· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure (after PRACH transmission and before the RRC connection setup is completed) at least in the RRC Suspend/Resume case.
Evaluation was provided in e.g. [3][4] and RAN1#89 communicated the following to RAN2 in the LS in [5]:
· From RAN1 perspective, it is beneficial to support early data transmission for BL/CE UEs with any CE level or coverage.
· From RAN1 perspective, it is beneficial to support early data transmission for NB-IoT UEs with any coverage.
RAN2#99 then made the following agreements for LTE-MTC and NB-IoT:
· We intend to support early UL data transmission in Msg3 for control plane and user plane CIoT EPS optimisation.
· We intend to support early DL data transmission in Msg4 for control plane and user plane CIoT EPS optimisation.
· Early data transmission feature is considered when AS security was not established for only transmitting data using CP.
· Early data transmission feature is considered when AS security was established for transmitting data using CP and/or UP.
This WI objective is RAN2-led and can primarly be treated in RAN2. However, there are some physical layer aspects that motivate RAN1 involvement. In this contribution, we discuss physical layer aspects of support for data transmission during the random access procedure in NB-IoT. The LTE-MTC case is treated in our RAN1 contribution [6]. The higher layer aspects for both LTE-MTC and NB-IoT are treated in our RAN2 contributions [7][8][9].
Discussion
Early UL data transmission in Msg3
If both the UE and the eNB support early data transmission (EDT) in Msg3, the UE should somehow be able to perform this sort of transmission.
One possibility is that the UE indicates its interest in EDT through its NPRACH resource selection in Msg1 and that the eNB takes this request into account when sending the UL grant for Msg3 in the random access response (RAR) in Msg2. In this case, various approaches including hard partitioning and soft partitioning of the NPRACH resources can be considered, with varying impact on the NPRACH capacity for legacy users (where soft partitioning is expected to have a smaller impact on legacy users than hard partitioning).
As an alternative that avoids NPRACH resource partitioning altogether, the eNB could blindly send two UL grants in RAR: one smaller “legacy grant” and one larger “EDT grant”, and then the UE could autonomously select one of these grants. UEs that do not intend to do EDT (including legacy UEs) would then pick the legacy grant. This alternative would come at an increased UL resource cost.
Various other hybrid solutions can also be envisioned. Considering that this is a RAN2-led WI objective and most of these aspects would be specified in RAN2 specifications, we think that this discussion can primarily take place in RAN2, and RAN1 can focus on aspects that are more obviously physical layer aspects unless RAN2 explicitly asks for input from RAN1.
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Figure 1 shows the definition of the MAC RAR message for NB-IoT UEs [10]. As can be seen from the figure, the UL grant field is 4+8+3=15 bits.
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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



Table 1 shows the definitions of the UL grant field in the MAC RAR for NB-IoT [11]. The TBS is 88 bits. In principle, it should be straightforward to use some 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 [12], 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.
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Rel-14 introduces various data rate enhancements for NB-IoT UEs in connected mode [13]. 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 [14], an UL TBS larger than 1000 bits can typically be assumed to only be useful in a portion of the cell area.
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Early DL data transmission in Msg4
Early data transmission (EDT) in Msg4 can be realized through multiplexing in the MAC layer and is primarily a matter for RAN2 discussion. Msg4 for Rel-13/14 NB-IoT UEs is scheduled using DCI format N1 supporting up to 680 bits.
[bookmark: _Toc494230171][bookmark: _Toc494231573][bookmark: _Toc494239558][bookmark: _Toc494239583][bookmark: _Toc494239607][bookmark: _Toc494239763][bookmark: _Toc494239791][bookmark: _Toc494241001][bookmark: _Toc494241736][bookmark: _Toc494241741][bookmark: _Toc494242024][bookmark: _Toc494242060][bookmark: _Toc494242141][bookmark: _Toc494242327][bookmark: _Toc494242531][bookmark: _Toc494242729][bookmark: _Toc494242850][bookmark: _Toc494242871][bookmark: _Toc494242886][bookmark: _Toc494243255][bookmark: _Toc494243377][bookmark: _Toc494243464][bookmark: _Toc494243904][bookmark: _Toc494244027][bookmark: _Toc494244047][bookmark: _Toc494244470][bookmark: _Toc494244850][bookmark: _Toc494245010][bookmark: _Toc494245047][bookmark: _Toc494245058][bookmark: _Toc494302646][bookmark: _Toc494302874][bookmark: _Toc494302896][bookmark: _Toc494303464][bookmark: _Toc494371675][bookmark: _Toc494371699][bookmark: _Toc494371751][bookmark: _Toc494371930][bookmark: _Toc494371936][bookmark: _Toc494372178][bookmark: _Toc494372751][bookmark: _Toc494372758][bookmark: _Toc494466776]From RAN1 point of view, it is feasible to support early DL data transmission in Msg4 to an NB-IoT UE using TBS values from the full TBS range specified in Rel-13 with a maximum total TBS of 680 bits.
Rel-14 introduces various data rate enhancements for NB-IoT UEs in connected mode [13]. 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 DL TBS compared to what is possible or Rel-13 NB-IoT UEs. This assumes that the eNB is aware of these UE capabilities at the time when the EDT is supposed to take place, something that is more of a RAN2 issue than a RAN1 issue.
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Conclusion
We propose the following:
Proposal 1	How a UE requests or indicates early UL data transmission in Msg3 is up to RAN2.
Proposal 2	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.
Proposal 3	From RAN1 point of view, the benefits from supporting early UL data transmission in Msg3 from an NB-IoT UE using larger UL TBS than 1000 bits seems limited.
Proposal 4	From RAN1 point of view, it is feasible to support early DL data transmission in Msg4 to an NB-IoT UE using TBS values from the full TBS range specified in Rel-13 with a maximum total TBS of 680 bits.
Proposal 5	From RAN1 point of view, it is feasible to support early DL data transmission in Msg4 to an NB-IoT UE using larger TBS than 680 bits if the UE supports corresponding Rel-14 NB-IoT feature.
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