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Introduction
In RAN1 #90bis, the following were agreed in RAN1 regarding data transmission during the random access procedure for NB-IoT[1]:

In Rel-13/14, the TBS for Msg3 is:

88 bits for NB-IoT UEs

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.

In this contribution, we discuss the issue of data transmission during random access procedure for NB-IoT.

Discussion
2.1  Basic procedure for early UL data transmission

To use the RACH procedure for data transmission, several issues must be resolved. First of all, what is the TBS size supported for such use-case. Currently , Msg3 supports up to 88 bits at physical layer. It may be needed to increase this limit and support larger packet size. A few factors has impacts on the Msg3 size, e.g. coverage level, operational mode, tone-spacing etc. 

Note in previous RAN1 meeting , it was agreed that for at least one number of repetitions of NPRACH, multi-tone Msg3 transmission is not allowed by the specifications. Since multi-tone Msg3 will provide larger TBS size, we propose to remove this limitation. In anyway, the maximum TBS size needs further study.

For R15 NB-IoT, if the UE needs to “request” different Msg3 size, a straightforward way may be to introduce a similar “preamble” fragmentation mechanism, but here “preamble” refers to independently configured time and/or frequency resources.

A simple way for “preamble” fragmentation may be to configure new PRACH non-anchor PRBs for Msg1 with request for larger Msg3 size. These new PRACH non-anchor PRBs can be further separated into several groups for the purpose of indicating more various Msg3 size. These new PRACH non-anchor PRBs are only used by R15 UEs that want to request larger Msg3 size. If a R15 UE wants to send regular Msg1 for RRC connection setup/resume, it should use the R14 anchor/non-anchor carriers. 

Another considerable way for “preamble” fragmentation may be to configure those unused subcarriers (if there have unused subcarriers) in the reserved resources for Msg1 with request for larger Msg3 size in this CE level. The eNB should guarantee the correct configuration, e.g., the configured subcarriers in each level for this new kind Msg1 would not be overlapped with that for contention based random access and that for contention free random access.  

Proposal 1:  Support multi-tone Msg3 for all repetition number of NPRACH.

Proposal 2:  A simple way for “preamble” fragmentation may be to configure new PRACH non-anchor PRBs for Msg1 with request for larger Msg3 size.
2.2  Early DL data transmission in Msg3
If eNB chose to ignore UE’s data transmission request, the Msg3 transmission will fall back to legacy Msg3 transmission. The related Msg3 data transmission grant information is indicated via RAR UL grant. 

In NB-IoT, the IE in RAR UL grant includes the following information:

-
Uplink subcarrier spacing 
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 is ‘0’=3.75 kHz or ‘1’=15 kHz – 1 bit

-
Subcarrier indication field 
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 as determined in Subclause 16.5.1.1 of TS36213 – 6 bits

-
Scheduling delay field (
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) as determined in Subclause 16.5.1 of TS36213 with k0 = 12 for IDelay = 0 , where NB-IoT DL subframe n is the last subframe in which the NPDSCH associated with the Narrowband Random Access Response Grant is transmitted – 2 bits

-
Msg3 repetition number 
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 as determine in Subclause 16.5.1.1 of TS36213 – 3 bits

-
MCS index indicating TBS, modulation, and number of RUs for Msg3 according to Table 1 – 3 bits

Table 1: MCS index for Msg3 NPUSCH

	MCS Index
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	Number of RUs
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	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


There are 3 bits MCS index field in MAC RA UL grant, as shown in the table above. The Msg3 Data’s TBS,MCS and RU can be indicated via  
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=3~ 7 :

For 
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=0~ 2,  use legacy Msg3 transmission;  

For 
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=3~ 7, use new Msg3 data transmission , the detailed TBS,MCS and RU is indicated via table 1. 

Also , considering the maximum agreed Msg3 data TBS is limited by 1000 bits, if the max TBS is closer to this value, it is suggested to introduce two Msg3 data TBS; otherwise, if the agreed max TBS is smaller , for example less than 500bits, only one TBS is needed.

Proposal 3：TBS, MCS and RU configuration for Msg3 data transmission is indicated via UL grant in MAC RAR. 
2.3  Switch between early data transmission and legacy RRC procedure

With the above proposed early data transmission procedure, if the UE sends a “request” for larger size Msg3 through the Msg1, the network would consider that there have UL data needs to be transmitted along with random access procedure and then allocate large UL grant for the UE. However, the abnormal cases should be further considered. For example, the network cannot allocate the required resource or the UE cannot receive the RAR after several attempts. There should have the means for the UE or eNB to continue the procedure.

2.3.1 Switch controlled by network
After the eNB receives a Msg1 indicating the “request” for larger size Msg3, the desired case is that the eNB allocates the UL grant for the UE based on the indication in the Msg1.It may happen that eNB could allocate the required UL grant in RAR but the eNB doesn’t want the UE to keep sending Msg1 for larger size Msg3 once the attempt has failed. In this case, the eNB may give explicit indication in RAR to indicate that the UE should switch to sending legacy Msg1 once the attempt for sending UL data in Msg3 has failed.

Proposal 4: An indication could be included in RAR to indicate that the UE should fall-back to sending legacy Msg1 once the attempt for sending UL data in Msg3 has failed.

2.3.2 Switch controlled by UE

In the proposed early data transmission procedure, if the UE has tried to send Msg1 with request for large Msg3 size or send Msg3 with UL data for several times and all the attempts are failed, there should have new rules for the UE to deal with the failure. For example, if the attempts  in a certain CE are all failed, the UE should decide which way have a higher priority, to change to the next CE level or to switch to sending legacy Msg1 for RRC connection setup/resumption in the current CE level. The priority may be given to the latter option, e.g, the UE needs to switch to sending legacy Msg1 for RRC connection setup/resumption in the current CE level for additional several times. If all the additional attempts are also failed, the UE will change to the next CE level and send the Msg1 for larger Msg3 and/or legacy Msg1 for RRC connection setup/resumption as the sequence in the previous CE level. The eNB may need to configure separate attempt thresholds for different kinds of Msg1/Msg3.

Proposal 5: There should have the mechanism for the UE to fall-back to send legacy Msg1 after a number of failures of sending Msg1 for large Msg3 size.

2.4 Early DL data transmission in Msg2

In R14 NB-IoT, the contention free random access triggered by PDCCH order has been supported. PDCCH order is usually triggered by the eNB in the case that DL data arrives during RRC_CONNECTED but UL synchronization status is "non-synchronized". That means eNB has pending DL data when the eNB sends a PDCCH order. 

In such random access procedure, the UE uses the dedicated resource included in PDCCH order to send Msg1. The eNB could figure out from which UE the preamble comes and no contention resolution is needed. Based on such understanding, it can be considered to include the pending DL data in the RAR message in order to send the DL data to the UE as soon as possible. Correspondingly, the maximum supported data size need to be decided. 

Proposal 6: It’s suggested to support early DL data transmission in Msg2 during random access procedure triggered by PDCCH order in RRC_CONNECTED.

Conclusions

In this contribution, we have discussed the issue of early data transmission for NB-IoT. We make the following proposals:

Proposal 1:  Support multi-tone Msg3 for all repetition number of NPRACH.

Proposal 2:  A simple way for “preamble” fragmentation may be to configure new PRACH non-anchor PRBs for Msg1 with request for larger Msg3 size.
Proposal 3：TBS, MCS and RU configuration for Msg3 data transmission is indicated via UL grant in MAC RAR. 
Proposal 4: An indication could be included in RAR to indicate that the UE should fall-back to sending legacy Msg1 once the attempt for sending UL data in Msg3 has failed.

Proposal 5: There should have the mechanism for the UE to fall-back to send legacy Msg1 after a number of failures of sending Msg1 for large Msg3 size.

Proposal 6: It’s suggested to support early DL data transmission in Msg2 during random access procedure triggered by PDCCH order in RRC_CONNECTED.
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