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Introduction
RAN1#90bis made the following agreements:
· 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
· Send LS to RAN2 informing the above (Xiaolei, HiSilicon, R1-1719100) (including eMTC agreements)
This contribution aims to discuss EDT indication via PRACH and NPRACH resource partitioning for NB-IoT.

Aspects of EDT indication 
The EDT indication will indicate fields typically indicated in UL grant – i.e. number of repetitions, MCS, and TBS. Assuming RAN1 agreement for maximum data packet size of 1000 bits for Msg3, early data transmission of larger packet size will not be able to transmit the whole packet during the random access procedure. Possible solutions would be segmentation on the user plane or separate transmission on the control plane. These solutions have the drawback of increasing the transmission time with negative impact on power consumption. It is preferable to use legacy procedures to transmit data packets larger than the broadcasted maximum grant for Msg3. 
Proposal 1. The EDT indication can only be used when data size not larger than the broadcasted maximum grant size for Msg3.
The number of repetitions for the early data transmission in Msg3 during the random access procedure will vary depending on the coverage level for a given UE. The eNB scheduler will need to give the EDT indication to a UE accordingly.
Proposal 2. Different coverage enhancement levels can support different Transport Block sizes for EDT.
The NB PUSCH TBS given in Table 16.5.1.2-2 in [1] are clearly far too many TBSs for PUSCH with EDT if indicated via Msg1. There should be only a small subset of TBS sizes to avoid high NPRACH resource partitioning with many different pools  – e.g. 88 bits (Msg3, no data), 400 bits, 700 bits, 1000 bits  (excluding  Msg3). To avoid excessive padding in case data does not fit any of the TBS indicated via Msg1, a solution will be needed. 
Transmission of padding may completely negate the positive effects of EDT and increase the power consumption compared to legacy procedure.
Proposal 3. A solution is needed to avoid excessive padding in case data does not fit any of the TBS indicated via Msg1 in EDT.
NPRACH configuration for legacy and EDT
EDT is a quite aggressive power saving optimization, and to achieve this we assume that sacrificing real-time performance is acceptable. Real-time service, e.g. emergency report would not use EDT. In order to have sufficient RACH resource pool size to not have fragmentation problems we suggest to use dedicated resources with time domain pooling. Avoiding excessive RACH resource fragmentation allows more effective TBS indication via Msg1 in EDT, which reduces need for padding in Msg3 before UL transmission. Another advantage is backward compatibility with legacy random access procedure. Not using dedicated RACH resources for EDT will confuse eNB which has no way of knowing whether it is a legacy device or an EDT-capable device transmitting Msg1. 
Proposal 4. Dedicated NPRACH resource pools for EDT to ensure backward compatibility.

Figure 1 below illustrate an example of time domain NPRACH resource partition in time domain for Msg1 in legacy device and EDT-capable device. The legacy NPRACH configuration for Coverage Enhancement levels 0, 1, and 2 is indicated in IE NPRACH-ConfigSIB-NB in IE RadioResourceConfigCommonSIB-NB [2] as follows
· Legacy CE 0, nprach-NumSubcarriers-r13 12 sub-carriers, 4 rep, nprach-Periodicity-r13 40 ms
· Legacy CE 1, nprach-NumSubcarriers-r13 24 sub-carriers, 8 rep, nprach-periodicity-r13 640 ms
· Legacy CE 2, nprach-NumSubcarriers-r13  12 sub-carriers, 32 rep, nprach-periodicity-r13 640 ms 
The EDT NPRACH resource configuration can be done by configuring non-overlapping resources with legacy NPRACH configuration in time domain and frequency domain as follows
· EDT CE 0, nprach-NumSubcarriers-EDT-r15 12 sub-carriers, 4 rep, nprach-Periodicity-EDT-r15 40 ms
· EDT, CE 1, nprach-NumSubcarriers-EDT-r15 36 sub-carriers, 16 rep, nprach-periodicity-EDT-r15 640 ms
· EDT, CE 2, nprach-NumSubcarriers-EDT-r15 36 sub-carriers, 32 rep, nprach-periodicity-EDT-r15 640 ms,
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In example above, the NPRACH resource partitioning for legacy and EDT is configured in time and frequency domain as is typically the case in legacy random access procedure. The legacy NPRACH resource pool and EDT NPRACH resource pool are fragmented into non-overlapping NPRACH resource sub pools for coverage levels (i.e. CE 0, 1, and 2). The frequency parameter nprach-SubcarrierMSG3-RangeStart can be set to zero and nprach-NumCBRA-StartSubcarriers set to n48 to indicate no overlapping of EDT NPRACH resources with legacy NPRACH resources. There are subcarriers 3.75 kHz. NPRACH resources are dedicated for legacy NRACH or EDT NRACH preambles. The number of repetitions is indicated on DCI format N0.   
Proposal 5. Support NPRACH resource partitioning for legacy and EDT in time domain and frequency domain.
EDT NPRACH resource configuration in Frequency Domain 
In case only maximum TBS = 1000 bits can be indicated via Msg1 in EDT, the average padding is 500 bits or 50% overhead. This is very high overhead and results in wasteful transmission power by the UE. We denote TBS values that can be indicated by Msg1 as [TBSMsg1]. The EDT NPRACH resource sub pools for coverage levels CE 1 and 2 defined in the previous section are further fragmented with non-overlapping resources to indicate [TBSMsg1] in frequency domain. Consider the following configuration example [TBSMsg1] = [300 bits, 600 bits, 1000 bits] indicated in IE NPRACH-ConfigSIB-NB in IE RadioResourceConfigCommonSIB-NB. The mapping of [TBSMsg1] in frequency domain is illustrated in Figure 2 for a given CE level (1 or 2) and for 1 repetition.
· Nprach-TBSMsg1-TBS1-EDT-r15 = (n300, n600, n1000) 
· Nprach-TBSMsg1-TBS2-EDT-r15 = (n300, n600, n1000) 
· Nprach-TBSMsg1-TBS3-EDT-r15 = (n300, n600, n1000)
For all TBSMsg1 values in [TBSMsg1] set 
· 
nprach-SubcarrierMSG3-RangeStart-EDT-r15    (no PRACH resources for legacy)
· 
nprach-NumSubcarriers-EDT-r15  
· 
nprach-NumCBRA-StartSubcarriers-EDT-r15   
For each TBSMsg1 value in [TBSMsg1], set
· 
nprach-SubcarrierOffset-EDT-TBS1 
· 
nprach-SubcarrierOffset-EDT-TBS2  
· 
nprach-SubcarrierOffset-EDT-TBS3   
These example configuration values respect the FD partitioning restrictions specified in [3] – i.e. 
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Figure 2. Example of NPRACH resource pool splitting for indication of [TBSMsg1] = [300 bits, 600 bits, 1000 bits] in FD for a given CE level and for 1 repetition
EDT NPRACH resource sub pool fragmentation for CE 0 to indicate [TBSMsg1] in frequency domain is not suitable because of higher EDT NPRACH periodicity of 40 ms and only 12 subcarriers configured in the example. EDT TBS indication is most useful when UEs are in deep or extreme coverage and require lots of repetitions. EDT is still possible for CE 0 but without TBS indication (i.e. up to max TBS of 1000 bits)
The eNB knows from Msg1 the TBSMsg1 and coverage for UE. The EDT NPRACH resource sub pool fragmentation to indicate TBS with CE 1 and 2 should take into account 
· Contention on EDT Msg1 for a given TBS value increases with higher granularity
· EDT NPRACH resources for each TBS value in TBSMsg1 must be sufficient to support high number of UEs
Table 1 provides an overhead analysis for the legacy and EDT NPRACH examples above.
	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)
	2.5% (2.3K)
	5% (90K)
	3.75% (33K)
	7.5% (6.9K)

	Total legacy NPRACH overhead 8.75%
	Total EDT NPRACH overhead 16.25%
EDT overhead can be reduced to 7.81% (5%+(3.75%+7.5%)/4) instead of 16.25% if maximum periodicity 2560 ms is configured for EDT CE 1 and 2 instead of 640 ms.


Table 1. Overhead analysis for the legacy and EDT NPRACH for example in Figure 1.
The indication of TBS via EDD NPRACH preamble for CE 1 and 2 can be done with reasonable overhead of 7.81% assuming NPRACH periodicity 2560 ms. This is not higher than that used for a typical configuration of legacy NPRACH resources. Using maximum periodicity 2560 ms for configured for EDT CE 1 and 2 is not seen as an issue for normal operations of NB-IoT devices.
The UE determines the EDT TBSMsg1 that fits best UL data packet, choses EDT NPRACH resource for TBSMsg1 based on coverage and transmits Msg1. With agreed max TBS=1000 bits in Msg3 for EDT, then average padding overhead is reduced to ~31.6% (150/300 +  150/600 + 200/1000)/3). This saves ~13.9% (50%-36.1%).
Proposal 6. Support EDT NPRACH resource pool partitioning to indicate TBS for coverage enhancement levels 1 and 2 in Frequency Domain.

Solution for higher TBS granularity to reduce padding 
The eNB knows from Msg1 the TBSMsg1 value chosen in [TBSMsg1] by the UE and also knows coverage experienced by the UE. The eNB indicates multiple UL grant [TBSMsg3] in RAR message based on [TBSMsg1] to provide higher TBS granularity to reduce padding. In an example, mapping between TBSMsg1 and TBSMsg3 is given in Table 2.
	TBSMsg1
	[TBSMsg3]

	300
	56
	120
	176
	224
	296

	600
	328
	392
	456
	504
	584

	1000
	616
	680
	744
	808
	872


Table 2 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 3 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 a multiple EDT UL grant  [TBSMsg3] = [56 bits, 120 bits, 176 bits , 224 bits, 296 bits] in Msg2/RAR. The eNB can indicate the number of repetitions for Msg3, Nrep, via DCI format N0.
The UE selects UL grant closest to its UL packet size i.e. 224 bits and adds padding as needed (192 bits data and 32 bits padding). The UE derives MCS based on number of RUs ((i.e.. NRU=8) indicated in RAR and transmit data in Msg3 in EDT RA procedure. 
The eNB blind detect Msg3 with up to 5 TBSMsg3 decoding hypothesis for a given TBSMsg1 based on Msg1, checks CRC for each decoding hypothesis, and removes padding.

	
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 3: MCS index for Msg3 NPUSCH with multiple grant (TS 36.213 v14.4.0 Table 16.3.3-1)
With multiple-grant in RAR padding, average padding ~33 bits (2*150 bits/5+200 bits/5)/3 or ~6.6% (33/300 + 33/600 + 33/1000)*100/3. This saves ~43% (50%-6.6%) compare to EDT without TBS indication in Msg1 and multiple grant for Msg3 in RAR. The average overhead for multiple grant  ~150 bits for TBSMsg1 300 or 600 bits, and 200 bits for 1000 bits or  ~31.6% (150/300 +  150/600 + 200/1000)/3. The net multiple-grant in RAR overhead taking into account padding savings is ~6.6%.
Proposal 7. Support multiple EDT UL grant in Msg2/RAR to reduce padding for EDT.

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. The EDT indication can only be used when data size not larger than the broadcasted maximum grant size for Msg3.
Proposal 2. Different coverage enhancement levels can support different Transport Block sizes for EDT.
Proposal 3. A solution is needed to avoid excessive padding in case data does not fit any of the TBS indicated via Msg1 in EDT.
Proposal 4. Dedicated NPRACH resource pools for EDT to ensure backward compatibility.
Proposal 5. Support NPRACH resource partitioning for legacy and EDT in time domain and frequency domain.
Proposal 6. Support EDT NPRACH resource pool partitioning to indicate TBS for coverage enhancement levels 1 and 2 in Frequency Domain. 
Proposal 7. Support multiple EDT UL grant in Msg2/RAR to reduce padding for EDT.
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