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Discussion and Decision
1 Introduction

In RAN1#89, it was agreed that –

· From RAN1 perspective, it is beneficial to support early data transmission for BL/CE UEs with any CE level or coverage.
In addition, in RAN2#99, it was agreed that –

· 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.

In this contribution, we consider further details of early data transmission during random access procedure.
2 Uplink Data Transmission
As agreed in RAN2#99, Msg3 can be used for early uplink data transmission. This requires indication by the eNB that such early data transmission is supported in the system, and identification by the UE that it is interested in transmitting data in Msg3. Since data will be transmitted in Msg3, Msg1 must be used for such indication and identification. In [1]
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[2], it was proposed that a reserved set of preamble resource is reserved for this purpose. Alternatively, [1] proposes sending two different grants for Msg3, with the second grant allowing for data transmission also. This is to address PRACH trunking loss as well as to minimize impact to legacy UEs. In [3], PRACH cover code is proposed for UE interested in early uplink data transmission. One additional alternative is to for the eNB to configure dedicated time-frequency PRACH resource for early data transmission. This configuration would be broadcast in SIB2 and not known to legacy UEs or UEs not supporting early data transmission. The dedicated PRACH resource for early data transmission can be deployed in non-anchor carriers. 
A potential way to configure dedicated time-domain PRACH resources can be summarized as follows. In the time domain, the dedicated PRACH resources can be configured by either a starting time offset or by an offset coefficient. This parameter will give the starting subframe of PRACH for early data transmission. In the frequency domain, the parameters can include preamble offset and number of preambles for contention-based random access.

Proposal 1: Dedicated PRACH resources is configured for supporting early data transmission. Both time-domain and frequency-domain options should be discussed.
In Rel-8, the network can partition the PRACH preamble space to indicate the amount of uplink data to be transmitted by the UE. A similar feature would be beneficial for early data transmission considering the wide range of uplink data (e.g. 50, 100, 200 bytes) and the amount of coverage enhancements that may be required. It is therefore proposed to consider PRACH resource partitioning or other means to indicate the amount of uplink data to be transmitted by UE performing early data transmission.
Proposal 2: Consider indicating the amount of uplink data to be transmitted via PRACH.
Further improvement for early data transmission is possible for stationary UEs as optimizations such as relaxed monitoring are currently being discussed. With respect to early data transmission, stationary UEs that are not accessing the cell for the first time do not require TA information. In this case, a more efficient response may be used by the network. For example, the eNB can use a different DCI for all preambles that are detected with zero or small required timing adjustment. The response can contain detected preambles as bitmap of allocated preambles for Msg3 transmission with data. The response can already be sent using DCI and stationary UEs can receive its Msg3 allocation without having to further decode the PDSCH. For instance, the DCI can be divided into two parts - detected preamble bitmap and starting resource position of uplink allocation. From this starting resource position, consecutive resources are reserved for each preamble.
Proposal 3: Consider further overhead reduction when using early data transmission for stationary UEs.

Currently, the maximum transport size for Msg3 is 712 bits for CE Mode A and 328 bits for CE Mode B. In CE Mode A, 1,2,3, or 6 PRBs can be assigned with I_TBS up to 7 supported. In CE Mode B, 3 or 6 PRBs can be allocated with I_TBS up to 3 supported. Since the RRC connection resume request message is about 88 bits, there is not much room for the payload, especially in CE Mode B. Typical values used in past analysis are 50 or 200 bytes of uplink payload. As agreed in RAN1#89, it is beneficial to support early data transmission for BL/CE UEs with any CE level or coverage. Table 1 lists the content of the RAR grant. Note that in Rel-14, the maximum UL TBS for connected mode UEs was increased to 2984, but for early data transmission, eNB would not have knowledge of whether the UE supports this larger TBS or not unless further differentiation via the PRACH is used.  
Table 1. RAR Grant.
	DCI contents
	CEmodeA
	CEmodeB

	Msg3 PUSCH narrowband index
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	2

	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


To handle larger payload, the resource allocation and MCS/TBS fields in the RAR may require additional bits. This will change the size of the RAR grant and make this not backward compatible for legacy UEs. However, there are several ways to handle this in the MAC PDU. In one approach, the RAR grant for UEs performing early data transmission can be appended at the end of the MAC PDU, allowing legacy UEs to still correctly decode RAR grants in the beginning of the MAC PDU. Alternately, a different DCI can be used for UEs performing early data transmission. Thus, it is proposed that an extended RAR grant be defined for UEs performing early data transmission. This extended grant can contain larger resource allocation and MCS/TBS fields. 
Proposal 4: Define extended RAR grant for UEs performing early data transmission. 
Note that HARQ is already supported for Msg3. Therefore, it should not be difficult to support larger payload size in Msg3 transmission. Additional fields such as TPC may also be considered in the extended grant to give the eNB greater flexibility in modifying the UE’s transmit power. 

With respect to the impact on RAR coverage and capacity, currently 1 RAR is 48 bits in CE Mode B. If using the entire narrowband, the operating SNR at 164dB MCL is -22.5 dB. At this SNR, approximately 1 kbps data rate is possible. Using repetition factor of 256 would allow for a TBS of 256 to be supported. This TBS can accommodate many simultaneous RAR grants (e.g. 3-5), even if the size would be increased somewhat. Thus, it can be seen that the RAR grant size can be increased without significant impact to coverage or capacity.
3 Downlink Data Transmission 
As agreed in RAN2#99, Msg4 can be used for early downlink data transmission. In this case, the following procedure is expected – data arrives at the network for UE that is in IDLE mode, the network will page the UE, and subsequently transmit data to UE in Msg4. By this time, the network would be aware of the UE’s identity and there would be no need for the UE to indicate to the network whether it is capable of receiving downlink data transmission. Therefore, normal PRACH procedure can be used and no change is expected.
For Msg4, the RRC connection resume message size is approximately 152 bits while the payload used in past analysis is 65 bytes. Currently, Msg4 can accommodate up to approximately 1000 bits which is already the maximum transport block size the UE can support in idle mode. Furthermore, Msg4 is scheduled using DCI 6-1A/6-1B which already provides full scheduling flexibility for UE in IDLE mode. Therefore, it is expected that there will be no RAN1 impact from early downlink data transmission in Msg4.
Observation 1: No RAN1 impact expected for early downlink data transmission in Msg4. 
4 Conclusions

In this contribution, we consider early data transmission during random access procedure and make the following proposals and observation –
Proposal 1: Dedicated PRACH resources is configured for supporting early data transmission. Both time-domain and frequency-domain options should be discussed.

Proposal 2: Consider indicating the amount of uplink data to be transmitted via PRACH.
Proposal 3: Consider further overhead reduction when using early data transmission for stationary UEs.

Proposal 4: Define extended RAR grant for UEs performing early data transmission. 
Observation 1: No RAN1 impact expected for early downlink data transmission in Msg4. 
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