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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].
[bookmark: _Hlk513807434]In this contribution, we discuss the remaining physical layer aspects of EDT for NB-IoT. For a detailed background, see list of RAN1 agreements in [3] and RAN2 agreements for EDT (joint for NB-IoT UEs and BL/CE UEs) in [4].
Number of PUSCH repetitions for smaller TBS for Msg3
The field for number of NPUSCH repetitions in the RAR UL grant indicates the number of NPUSCH repetitions that should be used if the UE transmits EDT Msg3 using the maximum EDT Msg3 TBS configured for the NPRACH CE level. If the UE on the other hand selects a smaller TBS than this, the number of NPUSCH repetitions should be down-scaled proportionally.
[bookmark: _Toc513645914][bookmark: _Toc513646013][bookmark: _Toc513646258][bookmark: _Toc513647082][bookmark: _Toc513647138][bookmark: _Toc513647599][bookmark: _Toc513647638][bookmark: _Toc513647714][bookmark: _Toc513806516][bookmark: _Toc513806954][bookmark: _Toc513807047][bookmark: _Toc513807234][bookmark: _Toc513807307][bookmark: _Toc513807328][bookmark: _Toc513807459][bookmark: _Toc513807480][bookmark: _Toc513807858][bookmark: _Toc513810753][bookmark: _Toc513810762][bookmark: _Toc513824954][bookmark: _Toc513825469]The number of NPUSCH repetitions is down-scaled proportionally to the TBS and then rounded up to the nearest legacy number of PUSCH repetitions.
Physical channel timing relationships
To avoid complicating the HARQ retransmission mechanism unnecessarily, it may be beneficial to base the physical channel timing relationships on the number of Msg3 NPUSCH repetitions indicated in the RAR UL grant rather than the transmitted (possibly down-scaled) number of repetitions.
[bookmark: _Toc510788816][bookmark: _Toc510789337][bookmark: _Toc510803894][bookmark: _Toc510803905][bookmark: _Toc510804853][bookmark: _Toc510806344][bookmark: _Toc510806949][bookmark: _Toc510807153][bookmark: _Toc510808325][bookmark: _Toc510808406][bookmark: _Toc510808557][bookmark: _Toc510808723][bookmark: _Toc510809542][bookmark: _Toc510809636][bookmark: _Toc510809831][bookmark: _Toc510809839][bookmark: _Toc510810131][bookmark: _Toc513624180][bookmark: _Toc513624214][bookmark: _Toc513624275][bookmark: _Toc513624532][bookmark: _Toc513625212][bookmark: _Toc513626098][bookmark: _Toc513626173][bookmark: _Toc513626303][bookmark: _Toc513627527][bookmark: _Toc513629386][bookmark: _Toc513632721][bookmark: _Toc513633677][bookmark: _Toc513633858][bookmark: _Toc513634704][bookmark: _Toc513634831][bookmark: _Toc513634882][bookmark: _Toc513635132][bookmark: _Toc513635450][bookmark: _Toc513637401][bookmark: _Toc513637804][bookmark: _Toc513637821][bookmark: _Toc513637838][bookmark: _Toc513637851][bookmark: _Toc513637882][bookmark: _Toc513637897][bookmark: _Toc513637910][bookmark: _Toc513637979][bookmark: _Toc513637996][bookmark: _Toc513638074][bookmark: _Toc513638104][bookmark: _Toc513645531][bookmark: _Toc513645918][bookmark: _Toc513646017][bookmark: _Toc513646262][bookmark: _Toc513647086][bookmark: _Toc513647142][bookmark: _Toc513647603][bookmark: _Toc513647642][bookmark: _Toc513647718][bookmark: _Toc513806520][bookmark: _Toc513806955][bookmark: _Toc513807048][bookmark: _Toc513807235][bookmark: _Toc513807308][bookmark: _Toc513807329][bookmark: _Toc513807460][bookmark: _Toc513807481][bookmark: _Toc513807859][bookmark: _Toc513810754][bookmark: _Toc513810763][bookmark: _Toc513824955][bookmark: _Toc513825470]Physical channel timing relationships are based on the number of Msg3 NPUSCH repetitions indicated in the RAR UL grant, regardless of the number of transmitted repetitions.
HARQ retransmission of Msg3
It is beneficial from implementation re-use point of view if the NPUSCH resource allocation of EDT Msg3 HARQ retransmission is as similar as possible to one or both of EDT Msg3 initial transmission and legacy Msg3 HARQ retransmission.
[bookmark: _Toc513637397][bookmark: _Toc513637800][bookmark: _Toc513637817][bookmark: _Toc513637834][bookmark: _Toc513637847][bookmark: _Toc513637878][bookmark: _Toc513637893][bookmark: _Toc513637906][bookmark: _Toc513637976][bookmark: _Toc513637994][bookmark: _Toc513638071][bookmark: _Toc513638101][bookmark: _Toc513645528][bookmark: _Toc513645915][bookmark: _Toc513646014][bookmark: _Toc513646259][bookmark: _Toc513647083][bookmark: _Toc513647139][bookmark: _Toc513647600][bookmark: _Toc513647639][bookmark: _Toc513647715][bookmark: _Toc513806517][bookmark: _Toc513806956][bookmark: _Toc513807049][bookmark: _Toc513807236][bookmark: _Toc513807309][bookmark: _Toc513807330][bookmark: _Toc513807461][bookmark: _Toc513807482][bookmark: _Toc513807860][bookmark: _Toc513810755][bookmark: _Toc513810764][bookmark: _Toc513824956][bookmark: _Toc513825471]The EDT Msg3 HARQ retransmission uses the same MCS/TBS as the initial EDT Msg3 transmission.
[bookmark: _Toc513637398][bookmark: _Toc513637801][bookmark: _Toc513637818][bookmark: _Toc513637835][bookmark: _Toc513637848][bookmark: _Toc513637879][bookmark: _Toc513637894][bookmark: _Toc513637907][bookmark: _Toc513637977][bookmark: _Toc513637995][bookmark: _Toc513638072][bookmark: _Toc513638102][bookmark: _Toc513645529][bookmark: _Toc513645916][bookmark: _Toc513646015][bookmark: _Toc513646260][bookmark: _Toc513647084][bookmark: _Toc513647140][bookmark: _Toc513647601][bookmark: _Toc513647640][bookmark: _Toc513647716][bookmark: _Toc513806518][bookmark: _Toc513806957][bookmark: _Toc513807050][bookmark: _Toc513807237][bookmark: _Toc513807310][bookmark: _Toc513807331][bookmark: _Toc513807462][bookmark: _Toc513807483][bookmark: _Toc513807861][bookmark: _Toc513810756][bookmark: _Toc513810765][bookmark: _Toc513824957][bookmark: _Toc513825472]The field for the number of NPUSCH repetitions in the DCI for EDT Msg3 HARQ retransmission indicates what number of NPUSCH repetitions to use in case the UE selects the maximum configured EDT TBS for the CE level.
[bookmark: _Toc513637399][bookmark: _Toc513637802][bookmark: _Toc513637819][bookmark: _Toc513637836][bookmark: _Toc513637849][bookmark: _Toc513637880][bookmark: _Toc513637895][bookmark: _Toc513637908][bookmark: _Toc513637978][bookmark: _Toc513637997][bookmark: _Toc513638073][bookmark: _Toc513638103][bookmark: _Toc513645530][bookmark: _Toc513645917][bookmark: _Toc513646016][bookmark: _Toc513646261][bookmark: _Toc513647085][bookmark: _Toc513647141][bookmark: _Toc513647602][bookmark: _Toc513647641][bookmark: _Toc513647717][bookmark: _Toc513806519][bookmark: _Toc513806958][bookmark: _Toc513807051][bookmark: _Toc513807238][bookmark: _Toc513807311][bookmark: _Toc513807332][bookmark: _Toc513807463][bookmark: _Toc513807484][bookmark: _Toc513807862][bookmark: _Toc513810757][bookmark: _Toc513810766][bookmark: _Toc513824958][bookmark: _Toc513825473]The number of NPUSCH repetitions for an EDT Msg3 HARQ retransmission is down-scaled based on to the selected EDT TBS according to the same rules as for the initial EDT Msg3 transmission.
Fall-back to legacy Msg3 transmission
It is already agreed that eNB can deny an EDT request from a UE and order fallback to legacy Msg3 transmission using the legacy values in the MCS field in the RAR UL grant. It may be beneficial to be able to indicate fallback to legacy Msg3 transmission instead of EDT Msg3 HARQ retransmission as well. The reasons for supporting fallback to legacy Msg3 transmission in the DCIs for EDT Msg3 retransmission are largely the same as for supporting fallback in the RAR UL grant:
1. The eNB may detect that the UL interference conditions or UL traffic load situation are such that it may be better to revert to non-EDT transmission. The conditions may very well have changed since the beginning of the EDT procedure since the procedure including retransmissions may take several seconds in some cases.
2. The eNB may have run low on UL receiver resources capable of EDT reception (a process which may include blind decoding of multiple possible TBS). Again, the situation may have changed since the beginning of the EDT procedure.
3. [bookmark: _Hlk513824946]In addition, after some unsuccessful Msg3 decoding attempts, the eNB may conclude that contention between multiple UEs may prevent successful transmission and prefer to fall back to legacy Msg3 transmission. (A possibility to abort the whole EDT procedure could also be considered but fall-back to legacy procedure seems to be more in line with already specified behaviours.)
Therefore, we have the following proposals, which may end up being captured in RAN2 specification rather than RAN1 specification.
[bookmark: _Toc513637803][bookmark: _Toc513637820][bookmark: _Toc513637837][bookmark: _Toc513637850][bookmark: _Toc513637881][bookmark: _Toc513637896][bookmark: _Toc513637909][bookmark: _Toc513637980][bookmark: _Toc513637998][bookmark: _Toc513638075][bookmark: _Toc513638105][bookmark: _Toc513645532][bookmark: _Toc513645919][bookmark: _Toc513646018][bookmark: _Toc513646263][bookmark: _Toc513647087][bookmark: _Toc513647143][bookmark: _Toc513647604][bookmark: _Toc513647643][bookmark: _Toc513647719][bookmark: _Toc513806521][bookmark: _Toc513806959][bookmark: _Toc513807052][bookmark: _Toc513807239][bookmark: _Toc513807312][bookmark: _Toc513807333][bookmark: _Toc513807464][bookmark: _Toc513807485][bookmark: _Toc513807863][bookmark: _Toc513810758][bookmark: _Toc513810767][bookmark: _Toc513824959][bookmark: _Toc513825474][bookmark: _Hlk513806467]The eNB can indicate fallback to legacy Msg3 transmission instead of EDT Msg3 HARQ retransmission using an unused DCI state in DCI format N0 (e.g. an unused MCS value or the NDI bit).
[bookmark: _Toc513637981][bookmark: _Toc513637999][bookmark: _Toc513638076][bookmark: _Toc513638106][bookmark: _Toc513645533][bookmark: _Toc513645920][bookmark: _Toc513646019][bookmark: _Toc513646264][bookmark: _Toc513647088][bookmark: _Toc513647144][bookmark: _Toc513647605][bookmark: _Toc513647644][bookmark: _Toc513647720][bookmark: _Toc513806522][bookmark: _Toc513806960][bookmark: _Toc513807053][bookmark: _Toc513807240][bookmark: _Toc513807313][bookmark: _Toc513807334][bookmark: _Toc513807465][bookmark: _Toc513807486][bookmark: _Toc513807864][bookmark: _Toc513810759][bookmark: _Toc513810768][bookmark: _Toc513824960][bookmark: _Toc513825475]When eNB indicates fallback to legacy Msg3 transmission, the UE uses the same NPRACH CE level that it would otherwise have used for EDT Msg3.
Conclusion
We propose the following:
Proposal 1	The number of NPUSCH repetitions is down-scaled proportionally to the TBS and then rounded up to the nearest legacy number of PUSCH repetitions.
Proposal 2	Physical channel timing relationships are based on the number of Msg3 NPUSCH repetitions indicated in the RAR UL grant, regardless of the number of transmitted repetitions.
Proposal 3	The EDT Msg3 HARQ retransmission uses the same MCS/TBS as the initial EDT Msg3 transmission.
Proposal 4	The field for the number of NPUSCH repetitions in the DCI for EDT Msg3 HARQ retransmission indicates what number of NPUSCH repetitions to use in case the UE selects the maximum configured EDT TBS for the CE level.
Proposal 5	The number of NPUSCH repetitions for an EDT Msg3 HARQ retransmission is down-scaled based on to the selected EDT TBS according to the same rules as for the initial EDT Msg3 transmission.
Proposal 6	The eNB can indicate fallback to legacy Msg3 transmission instead of EDT Msg3 HARQ retransmission using an unused DCI state in DCI format N0 (e.g. an unused MCS value or the NDI bit).
Proposal 7	When eNB indicates fallback to legacy Msg3 transmission, the UE uses the same NPRACH CE level that it would otherwise have used for EDT Msg3.
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