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1. Introduction
In RAN1#90 the following agreement was reached:
Agreement:
· 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

Also, during RAN1#90 the following information was exchanged between RAN1/RAN2 in LSs:

R1-1719305 (LS from RAN2 to RAN1)
RAN2 agreements:
[bookmark: _Hlk495657201]- PRACH partitioning is used to indicate the UE’s intention to use early data transmission in Msg3. Backward compatibility shall be preserved. FFS details on the PRACH pool, e.g., preamble/time/frequency/carrier domain of PRACH partitioning.
- For CP during the UL EDT procedure, if the UE receives a grant in which the data does not fit, the UE does not send the data in Msg3. For UP solution it is FFS if the EDT grant can be used for UL data if the grant is smaller than the UL data size.
- Maximum possible grant size for Msg3 is broadcast per CE. It is FFS if the UE indicates the grant size for Msg3 it needs via PRACH partitioning.

Questions:
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?



In this contribution we present further details on physical layer impact of early data transmission. 

2. Interpretation of RAR for EDT
From the agreement in RAN1#90, RAN1 has to somehow modify the way msg3 is granted to allocate. Also, from the RAN2 LS there are two possible ways to enable this:
1) Reuse UL grant format: Although the interpretation for the grant can be different, the format itself can be the same. For example, as the eNB will broadcast the maximum grant for msg3, the TBS table for msg3 can depend on this value. A set of values can be defined in the specification for this matter.

2) Have new UL grant format: If we want to preserve backwards compatibility, the new UL grant can actually schedule larger TBS.

In general, the eNB/UE should both be aware of whether the UE requested EDT or not (via resource partitioning, as indicated in RAN2 LS), so the interpretation of the grant can change depending on whether the UE used an ‘EDT resource’ or a ‘normal resource’.
Proposal 1: The UL grant in RAR for EDT has the same format as Rel-13, although its interpretation changes depending on whether the UE used an ‘EDT PRACH resource’ or a ‘non-EDT resource’.

Proposal 2: Send LS to RAN2 with the following replies:
	To Q1: Rel-13 TBS can be used for EDT. However, not all TBS are available to be scheduled via the UL grant in RAR. RAN1 will modify the interpretation of the UL grant in RAR depending on whether the UE initiated EDT or normal random access.
	To Q2: RAN1 will preserve the existing grant format, but will modify the interpretation of the UL grant in RAR depending on whether the UE initiated EDT or normal random access.
In order to preserve the same format, and also to keep a reasonable degree of flexibility, the interpretation of the RAR grant can further depend on the maximum TBS broadcast by SIB (as indicated in RAN2 LS). 
In Table 1, we reproduce Table 16.3.3-1 from TS 36.213. Note that fixing the TBS table regardless of the maximum TBS will limit the number of available TBS sizes for EDT (only 5 possible TBS values).

Table 1 MCS for msg3 grant
	
MCS Index

	Modulation




 or and
	Modulation



and
	Number of RUs


	TBS

	‘000’
	pi/2 BPSK
	QPSK
	4
	88 bits

	‘001’
	pi/4 QPSK
	QPSK
	3
	88 bits

	‘010’
	pi/4 QPSK
	QPSK
	1
	88 bits

	‘011’
	reserved
	reserved
	reserved
	reserved

	‘100’
	reserved
	reserved
	reserved
	reserved

	‘101’
	reserved
	reserved
	reserved
	reserved

	‘110’
	reserved
	reserved
	reserved
	reserved

	‘111’
	reserved
	reserved
	reserved
	reserved




For example, if the maximum value is 1000 bits, one of the entries has to be that value. 
Proposal 3: The interpretation of at least the MCS/TBS field in the UL grant in RAR depends on the maximum possible grant size broadcast by eNB.
	- Details FFS


3. NPRACH capacity enhancements
To support data transmission in msg3, the UE should indicate its intention (and potentially other parameters) to do so in msg1 (NPRACH). Due to this, NPRACH partitioning is needed to enable this feature, as confirmed by RAN2.
Observation 1: The introduction of early data transmission will very likely require NPRACH partitioning.
Due to this, PRACH partitioning is needed to enable this feature. The following partitioning may be needed:
- Different PRACH for different CE levels
- Different PRACH for Early Data vs normal connection
- (Potentially) different PRACH for different payload sizes in early data.



Figure 1 Data transmission in msg3
For example, for an eNB that supports 4 CE levels and 2 different payload sizes for early data, the total number of PRACH resources is 4x3=12. A large number of NPRACH resources will derive in increased latency and/or reduced network capacity, which may result in networks deploying reduced number of options (e.g. early data for single payload size, or for a subset of the CE levels). Thus, increasing the NPRACH capacity seems beneficial for this matter.
For NB-IoT, a preamble of NPRACH is sent in 4 symbol groups and each symbol group consists of one CP and a sequence of 5 identical symbols. Since a simple sequence with all ‘1’ is used for NPRACH it is not possible to multiplex different UEs on the same NPRACH resource. One technique also discussed in ‘NPRACH reliability enhancement’ during this work item is to introduce a ‘frequency shift’ around an existing NPRACH subcarrier to increase the capacity. An integer multiple of 0.75 kHz can be applied so that the UE intending for early data transmission may randomly select a frequency shift from [-2 -1 1 2] * 0.75kHz and the legacy UE will use zero frequency shift. The two overlapped NPRACH signals with different frequency shifts are orthogonal to each other. With five different frequency shifts there are 5 times increase on NRACH capacity. 


Figure 2 NPRACH subcarrier locations with integer multiple of 0.75 kHz shifts.
Proposal 4: RAN1 to consider the introduction of frequency shift of k*0.75 kHz to NPRACH to increase the random access capacity.

4. Summary of proposals
In this contribution we presented our views on physical layer aspects of EDT. We made the following observations and proposals:
Proposal 1: The UL grant in RAR for EDT has the same format as Rel-13, although its interpretation changes depending on whether the UE used an ‘EDT PRACH resource’ or a ‘non-EDT resource’.

Proposal 2: Send LS to RAN2 with the following replies:
	To Q1: Rel-13 TBS can be used for EDT. However, not all TBS are available to be scheduled via the UL grant in RAR. RAN1 will modify the interpretation of the UL grant in RAR depending on whether the UE initiated EDT or normal random access.
	To Q2: RAN1 will preserve the existing grant format, but will modify the interpretation of the UL grant in RAR depending on whether the UE initiated EDT or normal random access.
Proposal 3: The interpretation of at least the MCS/TBS field in the UL grant in RAR depends on the maximum possible grant size broadcast by eNB.
	- Details FFS
Observation 1: The introduction of early data transmission will very likely require NPRACH partitioning.
Proposal 4: RAN1 to consider the introduction of frequency shift of k*0.75 kHz to NPRACH to increase the random access capacity.
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