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Discussion and Decision
1 Introduction

In RAN1#92, it was agreed that –

· The maximum TBS broadcasted in system information are selected from 8 values which are taken from the Rel-13 PUSCH tables.

· The up to 4 possible TBS which is smaller than or equal to the maximum broadcast TBS values for the UE to choose among are FFS. FFS: How the UE obtains the up to 4 possible values.
· Support NW enabling the use of TBS smaller than the maximum configured. FFS details.
In RAN2#101, it was agreed that –

· The minimum possible TB size is assumed to be around 320 bits based on the values in (N)PUSCH tables.

· If new UL grant format is defined, it does not need to be backwards compatible.

· Same RAR format is used for EDT UEs.

· The EDT UL grant shall always allow the max TB size broadcasted in system information unless the provided UL grant is for legacy Msg3.
· The EDT UL grant shall allow the UE to choose an appropriate TB size, MCS, repetitions, and RUs (for NB-IoT) from a set of TB sizes provided based on the UL data. It is FFS how the set of possible TB sizes, MCS, repetitions, and RUs (for NB-IoT) is provided, e.g. hardcoded in the specs. This is pending RAN1 confirmation.

· RAN2 assumes that 8 possible candidate values for the maximum TB size broadcasted in system information. RAN2 assumes that for each maximum TB size broadcasted, up to 4 possible TB sizes, i.e. blind decoding options, are allowed.

· For eMTC, the reserved bit in MAC RAR can be used for the EDT feature in eMTC only if it is necessary.
In this contribution, we consider further details of early data transmission during random access procedure for eMTC.
2 EDT Grant Differentiation

In RAN2, it was agreed that the same RAR format is used for EDT UEs. However, a new uplink grant may be defined and this new grant needs not be backwards compatible. In addition, it is possible for the eNB to give UE either an EDT grant or legacy grant. Thus, there is a need to differentiate the two grant types. Two options are possible for differentiation –

· Use the reserved bit in the MAC RAR. RAN2 agreed that the reserved bit in MAC RAR can be used for the EDT feature in eMTC only if it is necessary. 

· Sending separate RAR for EDT and legacy grants (e.g. using different RNTIs). This requires the UE to check for two separate RARs and can increase the overhead as different legacy and new MAC RAR cannot be multiplexed together.
Note that since EDT is enabled through dedicated EDT PRACH resource, using the reserved bit in the MAC RAR does not necessarily prevent it from also being used in other independent features. Therefore, it is proposed to use the reserved bit in the MAC RAR to differentiate EDT from legacy uplink grant.
Proposal 1: Use reserved bit in MAC RAR to differentiate EDT from legacy uplink grant.

3 Supported TBS

From RAN2 agreement, the minimum possible transport block size is around 320 bits while the maximum is 1000 bits for CE Mode A and 936 bits for CE Mode B. In addition, RAN2 assumes that 8 possible candidate values for the maximum TB size broadcasted in system information. Looking at the possible TBS values, the following can be defined {328, 408, 504, 600, 712, 808, 936, 1000}. Note that for CE Mode B, the value 1000 can be replaced by 936 bits. In addition, RAN2 assumes that for each maximum TB size broadcasted, up to 4 possible TB sizes, i.e. blind decoding options, are allowed. The 4 possible TB sizes are FFS and it is also FFS how the UE will obtain these values. 

One option is to select the up to 4 possible values based on a predefined table. Another option is to implicitly associate the up to 4 possible values to the assigned TBS. However, this leads to unnecessary complication when compared to predefining a table. Therefore, it is proposed that the up to 4 possible TBS which is smaller than or equal to the maximum broadcast TBS values for the UE to choose among are predefined in the specification.
Proposal 2: The up to 4 possible TBS which is smaller than or equal to the maximum broadcast TBS values for the UE to choose among are predefined in the specification.

Note that from RAN2 agreements, it seems that the TBS is not required to be indicated by the eNB in the DCI. However, it was agreed to support NW enabling the use of TBS smaller than the maximum configured, but the details are FFS. In this case, the proposal is to allow the eNB to indicate TBS smaller than the maximum configured via DCI. For example, the eNB can configure the maximum TBS (via SIB1) as 808 bits. Using the example from Table 1, the UE will have a choice to transmit {808, 600, 408, 328} bits when it is scheduled. However, in the DCI, the eNB can override the maximum configured value and e.g. indicate 600 as the new TBS. In this case, the UE will then select from the set {600, 504, 408, 328}.
Proposal 3: eNB can indicate TBS smaller than the maximum configured via DCI.

Furthermore, the network should have the ability to enable/disable TBS adjustment by the UE (e.g. in case the network does not support this feature or would like to disable it temporarily). Of course, cell-specific support of this feature would be configured via SIB. In addition, dynamic UE-specific indication via DCI can be further considered if there is a clear benefit.

Proposal 4: eNB can enable/disable TBS selection and resource adjustment by UE via SIB.
4 Resource Selection by UE

In addition, it was agreed in RAN2 that the EDT UL grant shall allow the UE to choose an appropriate TB size, MCS, repetitions from a set of TB sizes provided based on the UL data. This is, however, pending RAN1 confirmation. The UE can choose an appropriate TB size. For MCS selection, it would be desirable for the UE to maintain similar MCS as the assigned TBS. For eMTC, this can be done using two methods – adjusting the number of repetitions or adjusting the number PRBs. Figure 1 - Figure 2 illustrate these two adjustment methods by the UE. Both methods are feasible. Note that in case the first transmission was not successfully received at the eNB, the eNB can schedule re-transmission and continue to separately process four potential transport blocks. Therefore, it is feasible that the EDT uplink grant allow the UE to choose an appropriate TB size, MCS, and repetitions, from a set of TB sizes provided based on the UL data.
Proposal 5: Confirm RAN2’s agreement that EDT UL grant shall allow the UE to choose an appropriate TB size, MCS, and repetitions from a set of TB sizes provided based on the UL data.

In addition, RAN2 agreed that blind decoding of the up to 4 possible TB sizes are allowed. However, it may not be necessary for the eNB to perform blind decoding if a resource usage indicator channel or signal is introduced. A simple resource usage indicator (e.g. 2-bit indicator using PUCCH format) can be used to tell the eNB the actual TBS prior to PUSCH transmission by the UE. Furthermore, a combination of resource usage indicator and blind decoding attempts may be used.
Proposal 6: Study using a resource usage indicator channel or signal versus blind decoding at the eNB.
5 DCI Design

Table 1 lists the content of the RAR grant. Although many fields can be reused from the legacy design, it is likely that different resource allocation and MCS/TBS allocation schemes will be needed. 
Table 2. RAR Grant.
	DCI contents
	CEmodeA
	CEmodeB

	Msg3 PUSCH narrowband index
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	Msg3 PUSCH Resource allocation
	4
	3

	Number of Repetitions for Msg3 PUSCH
	2
	3

	MCS
	3
	0

	TBS
	0
	2

	TPC
	3
	0

	CSI request
	1
	0

	UL delay
	1
	0

	Msg3/4 MPDCCH narrowband index
	2
	2

	Zero padding
	4 - 
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	0

	Total Nr-bits
	20
	12


In CE Mode A, 1,2,3, or 6 PRBs can be assigned with I_TBS up to 7 supported. In CE Mode B, 1 or 2 PRBs can be allocated with I_TBS up to 3 supported. The supported TBS values are shown in Table 2.  
Table 3. TBS tables for CE Mode A and CE Mode B.
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	40

	104

	176

	328


	4

	56

	120

	208

	408


	5

	72

	144

	224

	504


	6

	328

	176
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	600
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	224

	328

	712
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For EDT, it is unlikely 1 PRB can be used for EDT in CE Mode A given supported TBS from 328-1000 bits. Similarly, 2 PRB allocation may not be very useful either. Therefore, the number of PRBs may be restricted to save some signalling bit(s). 
The following DCI design can then be considered –

· Msg3 PUSCH narrowband index: No change from legacy uplink grant.
· Number of Repetitions for Msg3 PUSCH: Possibly no change from legacy uplink grant. However, the number of repetitions in CE Mode A may be increased if necessary.
· Msg3 PUSCH Resource allocation: 3-4 bits to indicate resource allocation. For example, if only 3 and 6 PRBs are supported, the potential PRB allocation can be: {0,1,2}, {1,2,3}, {2,3,4}, {3,4,5}, {0,1,2,3,4,5}. If 2, 3, and 6 PRBs are supported, the 4 bits can be used to cover all combinations.
· MCS or TBS: 3 bits to indicate one of the following TBS value {328, 408, 504, 600, 712, 808, 936, 1000}.
· TPC: No change from legacy uplink grant.
· CSI request: May be removed.
· UL delay: No change from legacy uplink grant.
· Msg3/4 MPDCCH narrowband index: No change from legacy uplink grant.
Based on the above discussion, it is proposed that new uplink grants are introduced for EDT. Note that the new grants are not backward compatible.
Proposal 7: New uplink grants are introduced for EDT.
6 Sub-PRB Transmission in Msg3

Sub-PRB allocation has been agreed in Rel-15 and design proposals of sub-PRB allocation for PUSCH are described in [1]. For early data transmission, it would also be beneficial for those UEs to be able to use sub-PRB allocation. Indication of this capability can be done through the PRACH (e.g. preamble partitioning) in conjunction with request for early data transmission. Thus, it is proposed to also support sub-PRB allocation in Msg3. 
Proposal 8: Support sub-PRB allocation in Msg3. 
For sub-PRB resource allocation, it is possible that sub-PRB allocation is always used if UE indicates capability for sub-PRB transmission and eNB indicates sub-PRB support in the cell (e.g. by PRACH partitioning). However, it may not be ideal for the eNB to schedule Msg3 using sub-PRB allocation even if it is supported (e.g. due to PRB blocking issue). Thus, the eNB should have scheduling flexibility when deciding whether to use sub-PRB allocation. Therefore, one bit can be introduced in the RAR to indicate sub-PRB or PRB-level allocation. This could be e.g. by introducing one bit in the RAR grant itself or by reusing one of the reserved bits in the MAC PDU. However, it is left FFS whether sub-PRB indication is implicit (e.g. based on selected PRACH resource) or explicit (e.g. one bit in the RAR grant or reusing reserved bit in RAR).
Proposal 9: Sub-PRB allocation in indicated in the RAR. FFS whether the indication is implicit or explicit. 

With this sub-PRB indication, resource allocation can be indicated accordingly. For example, in CE Mode B, the index of the PRB within the NB to be used for sub-PRB allocation is given explicitly via higher-layer signalling or implicitly or predefined in the specification. For instance, the PRB can be indicated in the SIB, or determined based on the cell ID. Note that PRB index can also be confined with PRB 4 and 5 within the NB, which cannot be scheduled using 2 PRBs in 6-0B. A 3-bit table is then to indicate the sub-PRB allocation within the PRB as shown in Table 4.
Table 5. Sub-PRB resource allocation with PRB.
	Value of 3 LSB bits (L)
	Subcarrier assignment within PRB

	0..3
	{3*L, 3*L+1, 3*L+2}

	4..5
	{6*(L-4), 6*(L-4)+1, …, 6*(L-4)+5}


7 Conclusions

In this contribution, we consider early data transmission during random access procedure and make the following proposals –
Proposal 1: Use reserved bit in MAC RAR to differentiate EDT from legacy uplink grant.

Proposal 2: The up to 4 possible TBS which is smaller than or equal to the maximum broadcast TBS values for the UE to choose among are predefined in the specification.

Proposal 3: eNB can indicate TBS smaller than the maximum configured via DCI.

Proposal 4: eNB can enable/disable TBS selection and resource adjustment by UE via SIB.

Proposal 5: Confirm RAN2’s agreement that EDT UL grant shall allow the UE to choose an appropriate TB size, MCS, and repetitions from a set of TB sizes provided based on the UL data.

Proposal 6: Study using a resource usage indicator channel or signal versus blind decoding at the eNB.
Proposal 7: New uplink grants are introduced for EDT.

Proposal 8: Support sub-PRB allocation in Msg3. 

Proposal 9: Sub-PRB allocation in indicated in the RAR. FFS whether the indication is implicit or explicit. 
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