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Introduction
[bookmark: _GoBack]In RAN2#100, the following agreements were made on preamble and PRACH resource partitioning/configuration and indication of Msg3 data sizes
· The UE initiates EDT in Msg1 when the size of Msg3 including the user data, which UE intends to transmit, is equal or smaller than the maximum possible TBS size for Msg3 broadcast per CE.
· PRACH partitioning for EDT indication is configured per enhanced coverage level.
· Working assumption: Support for segmentation for this case is not prioritized.
· Working assumption: PRACH resource partitioning is not supported to indicate the intended data size other than legacy or maximum TBS broadcast per CE.
· FFS how to adress the padding issue in Msg3.
· UE category is not indicated in Msg1.
· For EDT indication, PRACH resources can be configured as in legacy eMTC or NB-IoT with respect to physical layer resources, preambles/subcarriers.
· PRACH resource pool, i.e. physical layer resources, preambles/subcarriers, for EDT indication is separate from PRACH resource pool for legacy RACH procedure
Further, in RAN1#91 the following agreements were made:
· 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
Aspects and potential solutions of padding issue in Msg3 were discussed in RAN2 and summarized in [1]. 
This contribution aims to discuss EDT indication via PRACH and NPRACH resource partitioning for NB-IoT.

Padding Issue 
Indication of UL grants in Random Access Response Msg2 supporting all the NB PUSCH TBS given in Table 16.5.1.2-2 in [1] for Early Data Transmission is not seen as practical. A subset of NB PUSCH TBS values can be supported. Compromise on EDT TBS granularity will lead to some padding when the EDT UL grant is large compare to the data size to be transmitted. The maximum EDT TBS size is 1000 bits. The minimum EDT TBS size includes overhead for UP or CP and minimum data for typical IoT applications. A minimum EDT TBS size of 256 bits could be a reasonable assumption. The range of the TBS size should also support non-typical cases, e.g. for non-IP-transport.  
Consider an example for the padding issue. The eNB only indicates in Msg2 that the EDT UL grant is maximum size of 1000 bits.  Further, consider EDT-capable device only needs to send data packet equal to the minimum size of 256 bits. The device needs to append 744 padding bits to the EDT data packet in Msg3 before transmission. About 75% of transmitted bits will be for padding. Transmission of padding may completely negate the positive effects of EDT and increase the power consumption compared to legacy procedure. If EDT UL grant is significantly greater than the UL data packet, the UE may fall back to legacy RACH procedure and instead only transmits legacy Msg3 to save power consumption.
Proposal 1: If EDT UL grant is significantly greater than the UL data packet, the UE may fall back to legacy RACH procedure and only transmit legacy Msg3.

If UE ignores EDT UL grant, it is not desirable that UE initiates legacy RACH procedure by transmitting legacy Msg1. This would be wasteful of RACH resources. It is preferred that the  UE only transmit legacy Msg3 assuming EDT Msg2 includes an UL grant for legacy Msg3 for contention resolution. The EDT Msg2 can provide UE with a separate UL grant for data transmission.    
Proposal 2: EDT Msg2 includes an UL grant for legacy Msg3 contention resolution to allow UE fallback to legacy Msg3 transmission to avoid excessive padding.

In case EDT UL grant in Msg2 is smaller than EDT data packet, use of segmentation could be a solution but will require multiple Transport blocks to be transmitted. Segmentation is only possible on the User Plane. A solution for the Control Plane will also be needed. The benefits of EDT is less if transmission of multiple Transport Blocks is required. It is preferred that the EDT solution to avoid padding covers both CP and UP.
Observation 1: Use of segmentation on UP in case EDT UL grant on Msg2 is smaller than EDT data packet can only be used on UP.
Observation 2: A common solution to avoid padding in EDT covering UP and CP is preferred.

Broadcasting of the minimum EDT TBS in system information has limited usage. If data packet is too small to fit the minimum EDT TBS supported by the network, it will not be used by the UE. The minimum EDT TBS supported should be sufficient to support the smallest data packet likely to be transmitted by a NB-IoT device.  Maximum TBS of 1000 bits can be broadcast. TBS values can be indicated in two ways that may be combined as proposed in [2]:
· TBS values indicated by UL grant with flexibility in the RAR:  RAN2#100 agreed PRACH partitioning for EDT indication is configured per enhanced coverage level. There is at least an EDT RACH resource pool and a single TBS for this resource pool. It seems reasonable if 3 EDT TBS values [TBSMsg3] = [TBS1, TBS2, TBS3] can be configured for the EDT RACH resource pool per enhanced coverage level. 
· TBS values indicated via Msg1: It is preferable if more TBS values can be supported to avoid excessive padding with inefficient resource utilization and higher power consumption in the device. Several sets of EDT TBS values [TBSMsg3] can be indicated via Msg1.
Solutions for avoiding padding in EDT
We support both using flexible grant in RAR and indication of required TBS by RACH resource selection.
1. Without EDT TBS indication in Msg1:  3 EDT TBS values in TBS set [TBSMsg3] = [TBS1, TBS2, TBS3] and number of RUs for NPUSCH reliability can be indicated by UL grant in the RAR. [TBSMsg3] and number of RUs can be indicated using up to 5 spare codepoints in NB-IoT MCS index table in RAR.  
2. With EDT TBS indication in Msg1: denote the TBS set indicated by Msg1 as [TBSMsg1]. Several TBS sets [TBSMsg3] can be supported per EDT RACH resource pool per enhanced coverage level. Consider as an example, EDT RACH pool fragmentation into 3 EDT RACH sub-pools for UEs in CE 0, CE 1 and CE 2. There are 3 TBS sets [TBSMsg3] indicated per EDT RACH resource pool per coverage class. Up to 3 TBS sets * 3 TBS values per set, or 9 TBS values can be supported. The UE can select the EDT RACH resource subpool to implicitly indicate the TBS set [TBSMsg3] with associated [TBSMsg1] containing TBS values that best fit its data packet.
EDT TBS set(s) [TBSMsg3] per coverage class and other resource allocation information may need to be broadcasted or configured, such that the UE can correctly interpret the EDT UL grant in RAR. Blind detection of NPUSCH transmission based on multiple UL grants needs to be done, as the eNB does not know the TBS value in [TBSMsg3] is selected by the UE for early data packet transmission in Msg3.
Observation 3: Without EDT TBS indication in Msg1, multiple EDT TBS values in TBS set [TBSMsg3]  can be indicated by UL grant in the RAR – e.g. an EDT RACH pool configured with TBS set [TBSMsg3] = [TBS1, TBS2, TBS3] can indicate 3 TBS values supported per coverage level..
Observation 4: With EDT TBS indication in Msg1, EDT RACH resource pool can be fragmented into multiple subpools and each subpool indicates a TBS set [TBSMsg3] – e.g. each subpool configured with TBS set [TBSMsg3] = [TBS1, TBS2, TBS3] and associated to [TBSMsg1] implicitly via  EDT RACH resource subpool selection by the UE can indicate 3 TBS values, and a total of 9 TBS values per coverage level can be supported with EDT RACH pool fragmented into 3 subpools. 

Overhead Analysis 
Figure 1 below illustrate an example of time domain NPRACH resource partition in time domain for Msg1 in legacy device and EDT-capable device. 
[image: ]
[bookmark: _Ref481671177]Figure 1. Example of time domain NPRACH resource partition in time domain for Msg1

Table 1 provides an overhead analysis for the configuration examples for legacy NRACH and EDT NPRACH without EDT TBS indication in Msg1 illustrated in Figure 1. The EDT RACH pool indicates a TBS set [TBSMsg3] per coverage level.  EDT RACH resource pool has overhead of 16.5% compare to 8.75% for legacy RACH. 


	Overhead (Number of Msg1)

	Legacy CE 0
	Legacy CE 1
	Legacy CE 2
	EDT CE 0
	EDT CE 1
	EDT CE 2

	5% (90K)
	1.25% 
(11K RACH resources)
	2.5% 
(2.3K RACH resources)
	5% 
(90K RACH resources)
	3.75% 
(33K RACH resources)
	7.5% 
(6.9K RACH resources)

	Total legacy NPRACH overhead 8.75%
	Total EDT NPRACH overhead 16.25%


Table 1. Overhead analysis for legacy and EDT NPRACH based on Figure 1 without EDT TBS indication in Msg1.

Table 2 provides an overhead analysis for the configuration examples for legacy NRACH and EDT NPRACH with EDT TBS indication in Msg1 illustrated in Figure 1. The EDT RACH pool is fragmented into 3 EDT RACH sub-pools. Each subpool indicates a different TBS set [TBSMsg3] as determined from associated [TBSMsg1] per coverage level.  EDT RACH resource pool has overhead of 16.25% compare to 8.75% for legacy RACH. In the considered example, the EDT RACH resource pool with fragmentation into 3 subpools (16.25%) has sameoverhead than EDT RACH resource pool without fragmentation (16.25%).
	Overhead (Number of Msg1)

	Legacy CE 0
	Legacy CE 1
	Legacy CE 2
	EDT CE 0
	EDT CE 1
	EDT CE 2

	5% 
(90K RACH resources)
	1.25% 
(11K RACH resources)
	2.5% 
(2.3K RACH resources)
	5% 
(90 K RACH resources)
	3.75% 
 (33 K RACH resources)
	7.5% 
(6.9K RACH resources)

	Total legacy NPRACH overhead 8.75%
	Total EDT NPRACH overhead 16.25%


Table 2. Overhead analysis for legacy and EDT NPRACH based on Figure 1 with EDT TBS indication in Msg1.

A comparison of Table 1 and Table 2 shows there are identical. We make the following observations
Observation 5: EDT RACH resource pool fragmentation into subpools to indicate TBS set [TBSMsg3] does not increase EDT RCH resource overhead.
Observation 6: EDT RACH resource fragmentation into subpools to indicate TBS set [TBSMsg3] does not decrease number of EDT RACH resources.

Consider as an example there are 1000 EDT-capable UEs in the cell, with UEs are in equal numbers per coverage class – i.e. 333 for CE 0, 333 for CE 1, and 333 for CE2. Assume a uniform distribution of UEs requiring a given TBS value in each TBS set [TBSMsg3] per coverage level. 
· Without EDT TBS indication in Msg1: 3 possible TBS values can be supported. There are 111 (=333/3) UEs per coverage class selecting the same TBS value. The collision probability with  EDT TBS set [TBSMsg3] for coverage levels CE 0, CE 1 and CE 2 is 0.37% (=111/(90000/3)), 1.0% (=111/(33000/3))  and 4.8% (=111/(6900/3)) respectively 
· With EDT TBS indication in Msg1: 9 possible TBS values can be supported. There are 37 (=333/9) UEs per coverage class selecting the same TBS value. The collision probability with  EDT TBS set [TBSMsg3] associated with [TBSMsg1] for coverage levels CE 0, CE 1 and CE 2 is 0.37% (=37/(90000/9)), 1.0% (=37/(33000/9))  and 4.8% (=37/(6900/9)) respectively 
The collision analysis above shows there is no increase in collision probability with or without  EDT TBS indication in Msg1. Similar observation can be made  with collision analysis assuming a different distribution (i.e. not uniform) of UEs requiring a given TBS value in each TBS set [TBSMsg3]. It is up to the eNB to configure EDT RACH pool and subpools to best match the distribution of UEs requiring a given TBS value in each TBS set [TBSMsg3] per coverage level.
Observation 7: EDT RACH resource fragmentation does not increase the collision probability of EDT Msg1 preamble transmissions with adequate eNB configuration of EDT RACH resource pools and subpools to match the distribution of UEs requiring a given TBS value per coverage level .  

Blind detection of EDT Msg 3 
The eNB knows from Msg1 the EDT TBS set [TBSMsg3] associated with TBSMsg1 value in [TBSMsg1] chosen by a given UE in a given coverage class. The eNB indicates multiple UL grant [TBSMsg3] in RAR message to provide higher TBS granularity to reduce padding. In an example, mapping between TBSMsg1 and TBSMsg3 is given in Table 3. 
Consider as an example that the UE in coverage class CE 2 needs to transmit a data packet size of 435 bits. The UE will select the EDT RACH resource subpool with TBSMsg1 value 1 in [TBSMsg1] for coverage class CE 2 and transmit Msg1 preamble. The eNB detects the EDT RACH preamble and implicitly knows from EDT RACH resource sub-pool selected by the UE that is requires multiple UL grant   [TBSMsg3] = [256, 348, 440]. The eNB attempt blind decoding assuming these TBS values 256, 348, or 440.
	 TBSMsg1
	[TBSMsg3]

	1
	256
	348
	440

	2
	532
	624
	716

	3
	808
	900
	1000


Table 3 Example of mapping between TBSMsg1 and TBSMsg3

It is proposed that the eNB uses 1 reserved field in TS 36.213 v14.4.0 Table 16.3.3-1 to indicate the multiple grant for Msg3 in RAR message in EDT random access procedure. Table 4 shows for example how the reserved field for MCS Index 011 can be used to indicate a number of RUs (e.g. NRU=8) and multiple EDT UL grant  [TBSMsg3] in Msg2/RAR.
The eNB blind detects Msg3 with up to 3 decoding hypothesis for a given [TBSMsg3] based on MCS Index indicated in RAR, checks CRC for each decoding hypothesis, and removes padding as needed.

	
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
	QPSK
	8
	[TBSMsg3]

	‘100’
	reserved
	QPSK
	4
	[TBSMsg3]

	‘101’
	reserved
	QPSK
	2
	[TBSMsg3]

	‘110’
	reserved
	QPSK
	1
	[TBSMsg3]

	‘111’
	reserved
	reserved
	reserved
	reserved


Table 4: MCS index for Msg3 NPUSCH with multiple grant (TS 36.213 v14.4.0 Table 16.3.3-1)

Proposal 3: Support EDT multiple UL grant in the RAR to indicate multiple EDT TBS values in a TBS set per coverage level.
Proposal 4: Support EDT RACH resource fragmentation to indicate multiple TBS sets per coverage level indicated in Msg1.
Conclusion
In this contribution, we discussed EDT indication via PRACH and NPRACH resource partitioning for NB-IoT. We further gave an examples and made a number of proposals.

Proposal 1: If EDT UL grant is significantly greater than the UL data packet, the UE may fall back to legacy RACH procedure and only transmit legacy Msg3.
Proposal 2: EDT Msg2 includes an UL grant for legacy Msg3 contention resolution to allow UE fallback to legacy Msg3 transmission to avoid excessive padding.
Observation 1: Use of segmentation on UP in case EDT UL grant on Msg2 is smaller than EDT data packet can only be used on UP.
Observation 2: A common solution to avoid padding in EDT covering UP and CP is preferred.
Observation 3: Without EDT TBS indication in Msg1, multiple EDT TBS values in TBS set [TBSMsg3]  can be indicated by UL grant in the RAR – e.g. an EDT RACH pool configured with TBS set [TBSMsg3] = [TBS1, TBS2, TBS3] can indicate 3 TBS values supported per coverage level..
Observation 4: With EDT TBS indication in Msg1, EDT RACH resource pool can be fragmented into multiple subpools and each subpool indicates a TBS set [TBSMsg3] – e.g. each subpool configured with TBS set [TBSMsg3] = [TBS1, TBS2, TBS3] and associated to [TBSMsg1] implicitly via  EDT RACH resource subpool selection by the UE can indicate 3 TBS values, and a total of 9 TBS values per coverage level can be supported with EDT RACH pool fragmented into 3 subpools. 
Observation 5: EDT RACH resource pool fragmentation into subpools to indicate TBS set [TBSMsg3] does not increase EDT RCH resource overhead.
Observation 6: EDT RACH resource fragmentation into subpools to indicate TBS set [TBSMsg3] does not decrease number of EDT RACH resources.
Observation 7: EDT RACH resource fragmentation does not increase the collision probability of EDT Msg1 preamble transmissions with adequate eNB configuration of EDT RACH resource pools and subpools to match the distribution of UEs requiring a given TBS value per coverage level .  
Proposal 3: Support EDT multiple UL grant in the RAR to indicate multiple EDT TBS values in a TBS set per coverage level.
Proposal 4: Support EDT RACH resource fragmentation to indicate multiple TBS sets per coverage level indicated in Msg1.
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