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Introduction
The WID of further NB-IoT enhancements [1], includes further latency and power consumption reduction as one set of objectives of the work item as follows:
A-1. Further latency and power consumption reduction
· 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]

This contribution gives analysis on how to support early data transmission during RACH from RAN1 point of view and try to summarize the issues which need be resolved by RAN1. 
Discussion
1.1 UL grant format
Five alternatives regarding UL grant design in RAR for early data transmission during RACH were discussed and agreed as candidates for UL grant design.
· The number of MCS/TBS/RU states that can be used for EDT will be chosen from 
· Limited MCS/TBS/RU states
· Alt. 0: 5 unused MCS/TBS/RU states and 0 bit in SIB
· Alt. 1: As many as supported by using 1 spare bit from RAR and 0 bit in SIB
· Alt. 2: As many as supported by using 2 spare bits from RAR and 0 bit in SIB
· Alt. 3: As many as supported by using 2 bits in SIB and 0 spare bit in RAR
· Alt. 4: As many as supported by using maximum TBS value in SIB and 0 spare bit in RAR
· Alt. 5: 1 spare bit in RAR used for new/modified UL grant and 0 bit in SIB
· From RAN1’s point of view, 
· Uplink subcarrier spacing field, subcarrier indication field, scheduling delay field and Msg3 repetition number field in RAR UL Grant for uplink EDT in Msg3 do not need to be changed according to current RAN2 agreements. 
· The above applies to above Alts. 1-4
An LS was sent to ask RAN2 to inform RAN1 how many TBS values are needed for early data transmission for each of NB-IoT and eMTC, and to provide feedback on the above mentioned alternatives for the number of MCS/TBS/RU states for NB-IoT.
It should be noticed that it may have great impact on the choice between the alternatives when RAN2 has different assumption on how many TBS values need to be supported. For example, if only legacy TBS of 88 bits and a single TBS which is the maximum TBS broadcast in SIB can be indicated through UL grant of one RAR in Msg2, only Alt. 4 and Alt. 1 need to be considered. Other alternatives seem not needed, because the number of different combinations of ITBS and ISF for all TBS values in TS 36.213 is not larger than 7. However, if more than one TBS values can be indicated, other alternatives are more reasonable. RAN1 can make a decision between different alternatives when RAN2 has provide feedback, or reached agreements, on the questions in the LS.

1.2 HARQ retransmission of Msg3
In legacy 4-step RACH procedure, the initial transmission of Msg3 is scheduled by UL grant in RAR contained in the Msg2 masked with RA-RNTI. However, if Msg3 is not decoded correctly, retransmission of NPUSCH for Msg3 is scheduled by NPDCCH with TC-RNTI. This introduces HARQ combination for NPUSCH of Msg3 and reduce the residual BLER for decoding Msg3. In case of collision, i.e. two UEs use the same NPRACH preamble for transmission, collision between transmissions of Msg3 will happen. In this case, once the decoding of the first transmission of Msg3 fails, the performance of decoding of NPUSCH for Msg3 may be only slightly improved due to the retransmission of Msg3, considering both signal and interference are transmitted simultaneously and the effective combined SINR would be not improved significantly. Especially for up to 1000 bits TBS of Msg3 in EDT would occupy much larger resource compared with the resource for 88 bits case. If collision happens and when the decoding of the initial transmission of Msg3 fails, the retransmission of Msg3 may consume large resource overhead. Meanwhile the retransmission of Msg3 in the same large amount of allocated resources from different UEs still collides and the HARQ retransmission gain may not be large. Hence, the co-sourcing company would like to trigger the discussion in RAN1 whether to consider optimization of this problem in Rel-15 EDT.
1.3 RAN1 impact for resolving padding issue
It was discussed in RAN2 whether and how the MAC layer padding issue is resolved. In early data transmission during RACH, eNB does not know the exact amount of data the UE needs to transmit. Hence, a larger UL grant may be allocated compared with what is needed for the UE. For example, when 1000 bits maximum TB size is broadcast in SIB, eNB may allocate UL grant of 1000 bits for Msg3 transmission. However, the UE may only need 500 bits TBS for transmission of Msg3 containing UL data. In this case the MAC layer padding is high and the spectrum efficiency and UE power consumption is higher than it could be.
To resolve the issue of MAC layer padding, we consider two solutions:
· Alt. 1 : Using further NPRACH partitioning for TBS early indication;
· Alt. 2 : Not to use further NPRACH partitioning and UE can transmit smaller TBS and eNB needs blind detection on Msg3 for different TBS
[image: ]
Figure 1 Using further NPRACH partitioning to indicate TBS from UE
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Figure 2 Allowing UE to transmit smaller than the indicated TBS, followed by eNB blind detection
Alt. 1 may introduce complexity in RAN2 and can create NPRACH capacity limitations. If a flexible NPRACH partitioning for indicating EDT TBS is supported, the size of configuration information in SIB22-NB could exceed the maximum 680 bits of SIB22-NB. This will have impact on SI scheduling and SI acquisition time from RAN2 perspective. Hence, RAN2 has made a working assumption that further PRACH partitioning for TBS indication is not used.
- Working assumption: PRACH resource partitioning is not supported to indicate the intended data size other than legacy or maximum TBS broadcast per CE.
Hence, if the working assumption is confirmed by RAN2, RAN1 needs to make a decision on whether to adopt eNB blind detection of UE’s actual TBS in Rel-15 or to not optimize the padding issue Rel-15.
If eNB blind detection is adopted, then even when only one TB size is allocated in RAR, the UE can choose a smaller TB size with smaller padding ratio to transmit Msg3 with early data. Accordingly, a smaller amount of resource is used and UE can save transmission power. Hence, eNB needs to blindly detect the TB size chosen by the UE. From RAN1’s point of view, the following aspects need to be seriously considered and resolved by RAN1:
· Resource overhead: Even considering the eNB can do the blind detection on TB size, there is no guarantee that TBS value is detected correctly from the first transmission of Msg3, e.g. due to the possible contention. If the first transmission of Msg3 fails, eNB needs to schedule retransmission of Msg3 by still allocating the maximum resource assuming the largest TBS, e.g. 1000 bits. This adds to the resource usage and UE power consumption.
· The complexity will be increased in eNB. The problem may be more severe, when the TB size is not detected by the first transmission of Msg3. 
Hence, if no NPRACH partitioning is confirmed in RAN2, RAN1 should study whether the above issues can be resolved to minimize the resource overhead issue and provide solutions to facilitate eNB detection on TBS value. If unfortunately, RAN1 cannot find a reasonable solution to this, it is proposed not to handle padding issue in Rel-15.
Proposal 1: For eNB blind detection of UE’s TBS, aim for solutions to improve TBS detection performance and minimize resource overhead, especially when Msg3 is not decoded correctly on the first transmission.
Proposal 2: If the working assumption of not supporting NPRACH partitioning for TBS indication is confirmed by RAN2, RAN1 needs to design the scheme to minimizing the issues of resource overhead and TBS detection, or conclude not to optimize the padding issue in Rel-15.

Conclusion
This contribution discusses the remaining issues on early data transmission in Msg3.
Proposal 1: For eNB blind detection of UE’s TBS, aim for solutions to improve TBS detection performance and minimize resource overhead, especially when Msg3 is not decoded correctly on the first transmission.
Proposal 2: If the working assumption of not supporting NPRACH partitioning for TBS indication is confirmed by RAN2, RAN1 needs to design the scheme to minimizing the issues of resource overhead and TBS detection, or conclude not to optimize the padding issue in Rel-15.
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