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Introduction
In RAN1#92, early data transmission during RACH was discussed and the following was agreed:
Agreement 
· The maximum TBS broadcasted in system information are selected from 8 values which are taken from the Rel-13 NPUSCH 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.

Agreement
Support NW enabling the use of TBS smaller than the maximum configured. FFS details.

This contribution gives details on how to select 8 candidates for the broadcast maximum TBS, and the design of the UL grant format in RAR for EDT. The operation of blind detection of TBS is also discussed, including how to define the up to 4 TBS candidates for blind detection by eNB.
Discussion
1.1 Consideration on the set for maximum TBS and UL grant design.
According to the LS from RAN2, it is assumed that 8 possible candidate values for the maximum TB size are broadcasted in system information, and the minimum needed TB size is assumed to be around 320 bits based on the values in (N)PUSCH tables. RAN1 agreed the TBS table for Rel-13 NPUSCH is used for the selection of TBS for the early data transmission in RACH. 
Table 1 TBS table for Rel-13 NPUSCH
	

	


	
	0
	1
	2
	3
	4
	5
	6
	7

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	88
	176
	256
	392
	504
	600
	808
	1000

	7
	104
	224
	328
	472
	584
	712
	1000
	

	8
	120
	256
	392
	536
	680
	808
	
	

	9
	136
	296
	456
	616
	776
	936
	
	

	10
	144
	328
	504
	680
	872
	1000
	
	

	11
	176
	376
	584
	776
	1000
	
	
	

	12
	208
	440
	680
	1000
	
	
	
	



The Rel-13 NPUSCH table for TBS is attached in Table 1. It is observed that some TBS values in the table correspond to a very limited number of RUs/MCS combinations, i.e. a very limited number of coding rate and scheduling options. For example, there are only two combinations of RUs/MCS in the table for TBS for 872 bits. One corresponds to 10 RUs with coding rate of 0.3111 and the othercorresponds to 5 RUs with coding rate of 0.6222. There are five reserved states available in the UL grant in RAR. However if only two scheduling options can be indicated, the scheduling granularity is very bad from resource efficiency and UE power efficiency perspective. Hence, it is proposed that all 5 reserved states are used as much as possible for EDT to allocate more scheduling options for efficient transmission.
Observation 1: It is important from resource efficiency and power efficiency perspectives that UL grant in RAR should have enough flexibility to allocate a few different numbers of RUs and coding rates for a give TBS for Msg3 transmission.
Proposal 1: All five reserved states in current MCS field of the UL grant n RAR are used as much as possible.
Based on these considerations, the candidate for broadcast maximum TBS value and the indication of RU numbers in UL grant in RAR format need to be jointly considered. TBS values that correspond to more different numbers of RUs should be selected with higher priority for the maximum TBS candidates. Hence, TBS values of 1000 bits (5), 680 bits (5), 504 bits (3) and 328 bits(6) are selected, where the number in the bracket show the number of different RUs/MCS combinations for the selected TBS. Besides these 4 candidates for broadcast maximum TBS values, 872 bits, 776 bits, 584 bits and 424 bits are proposed to fit the gaps in between, and these TBS values also have relatively larger number of entries in the TBS table. Note that the sets of 8 maximum TBS are expected to be different between eMTC and NB-IoT since the UL TBS tables are different and eMTC has two CE modes.
Proposal 2: The 8 values for the broadcast maximum TBS are {1000, 872, 776, 680, 584, 504, 424, 328} bits.
For each value in the proposed list of broadcast maximum TBS values, as in Proposal 1, it is proposed to use all five reserved states to enable eNB indicating as many numbers of RUs as possible. However, for some candidates of broadcast maximum TBS, i.e. 872, 776, 584, 504 and 424, it is observed that the number of entries in the current NPUSCH TBS table are not sufficient for all five reserved states in RAR, and there is not any entry corresponding to the broadcast TBS in the column for some numbers of RUs. It should be noticed that new combinations of {ITBS, NRU} and TBS values other than the entries in the legacy NPUSCH table should not be used for EDT transmission because eNB decoding of the transport blocks is typically a hardware implementation based on the Rel-13 TBS tables. 
Considering above factors, it is proposed for broadcast maximum TBS values of 872, 776, 584, 504 and 424 bits, that the TBS value which is slightly smaller or larger than the broadcast maximum value can be also indicated as one entry in UL grant of RAR format for better granularity of RU numbers and MCS indication.
Proposal 3: Allow the TBS value which is slightly smaller or larger than the broadcast maximum value to be indicated by one reserved state in UL grant of RAR for better granularity of RU numbers and MCS indication.
Table 3 and Table 4 show the TBS and NRU that are indicated by the 5 reserved states in MCS field in UL grant of RAR when different TBS value proposed in Proposal 2 is broadcast. Table 3 uses the slightly larger TBS and Table 4 uses the slightly smaller TBS in the case the broadcast TBS does not exist in the column of indicated NRU. For better understanding of proposal 3 and proposal 4, the corresponding number of RUs and coding rate are marked by different colors in Table 2 to show the better granularity that the Table 3 can support. It can be observed that Tables 3 and 4 can provide good granularity of MCS and NRU. Hence it is better for spectrum and power efficiency for EDT.
Proposal 4: Adopt indicated TBS values and number of RUs in Table 3 or Table 4 for the reserved states in MCS field in UL grant of RAR format when EDT is supported, where the associated broadcast maximum TBS is configured in SIB.




Table 2 corresponding coding rate for different entries in TBS table
	ITBS
	NRU

	
	1
	2
	3
	4
	5
	6
	8
	10

	0
	0.1389 
	0.0972 
	0.0926 
	0.0972 
	0.1000 
	0.1019 
	0.1007 
	0.0972 

	1
	0.1667 
	0.1389 
	0.1296 
	0.1458 
	0.1389 
	0.1343 
	0.1215 
	0.1278 

	2
	0.1944 
	0.1667 
	0.1944 
	0.1736 
	0.1611 
	0.1620 
	0.1528 
	0.1556 

	3
	0.2222 
	0.2222 
	0.2315 
	0.2014 
	0.1944 
	0.2037 
	0.2014 
	0.2056 

	4
	0.2778 
	0.2500 
	0.2685 
	0.2431 
	0.2444 
	0.2500 
	0.2500 
	0.2500 

	5
	0.3333 
	0.2917 
	0.2870 
	0.3056 
	0.3111 
	0.3056 
	0.3056 
	0.3111 

	6
	0.3889 
	0.3472 
	0.3241 
	0.3611 
	0.3667 
	0.3611 
	0.3611 
	0.3556 

	7
	0.4444 
	0.4306 
	0.4074 
	0.4306 
	0.4222 
	0.4259 
	0.4444 
	　

	8
	0.5000 
	0.4861 
	0.4815 
	0.4861 
	0.4889 
	0.4815 
	　
	　

	9
	0.5556 
	0.5556 
	0.5556 
	0.5556 
	0.5556 
	0.5556 
	　
	　

	10
	0.5833 
	0.6111 
	0.6111 
	0.6111 
	0.6222 
	0.5926 
	　
	　

	11
	0.6944 
	0.6944 
	0.7037 
	0.6944 
	0.7111 
	　
	　
	　

	12
	0.8056 
	0.8056 
	0.8148 
	0.8889 
	　
	　
	　
	　



[bookmark: _Ref510430720]Table 3 TBS and NRU indicated by reserved states of MCS field in UL grant of RAR format (slightly larger TBS is used when the broadcast maximum TBS is not in the column of indicated NRU)
	Indicated (TBS, NRU)
	Broadcast maximum TBS(bits)

	
	1000
	872
	776
	680
	584
	504
	424
	328

	MCS in UL grant of RAR
	‘011’
	1000bits,4RUs
	1000bits,4RUs
	776bits,4RUs
	680bits,3RUs
	584bits, 3RUs
	504bits,3RUs
	440bits,2RUs
	328bits,2RUs

	
	‘100’
	1000bits,5RUs
	872bits,5RUs
	776bits,5RUs
	680bits,4RUs
	616bits,4RUs
	536bits,4RUs
	456bits,3RUs
	328bits,3RUs

	
	‘101’
	1000bits,6RUs
	936bits,6RUs
	808bits,6RUs
	680bits,5RUs
	584bits, 5RUs
	504bits,5RUs
	472bits,4RUs
	328bits,4RUs

	
	‘110’
	1000bits,8RUs
	1000bits,8RUs
	808bits,8RUs
	680bits,8RUs
	600bits,6RUs
	504bits,6RUs
	424bits,5RUs
	328bits,5RUs

	
	‘111’
	1000bits,10RUs
	872bits, 10RUs
	872bits, 10RUs
	680bits,10RUs
	680bits, 8RUs
	552bits,8RUs
	504bits,6RUs
	328bits,6RUs



[bookmark: _Ref510693348]Table 4 TBS and NRU indicated by reserved states of MCS field in UL grant of RAR format (slightly smaller TBS is used when the broadcast maximum TBS is not in the column of indicated NRU)
	Indicated (TBS, NRU)
	Broadcast maximum TBS(bits)

	
	1000
	872
	776
	680
	584
	504
	424
	328

	MCS in UL grant of RAR
	‘011’
	1000bits,4RUs
	776bits,4RUs
	776bits,4RUs
	680bits,3RUs
	584bits, 3RUs
	504bits,3RUs
	376bits,2RUs
	328bits,2RUs

	
	‘100’
	1000bits,5RUs
	872bits,5RUs
	776bits,5RUs
	680bits,4RUs
	536bits,4RUs
	472bits,4RUs
	392bits,3RUs
	328bits,3RUs

	
	‘101’
	1000bits,6RUs
	808bits,6RUs
	712bits,6RUs
	680bits,5RUs
	584bits, 5RUs
	504bits,5RUs
	392bits,4RUs
	328bits,4RUs

	
	‘110’
	1000bits,8RUs
	808bits,8RUs
	680bits,8RUs
	680bits,8RUs
	504bits,6RUs
	504bits,6RUs
	424bits,5RUs
	328bits,5RUs

	
	‘111’
	1000bits,10RUs
	872bits, 10RUs
	680bits, 10RUs
	680bits,10RUs
	552bits, 8RUs
	440bits,8RUs
	408bits,6RUs
	328bits,6RUs



Only one of Table 3 and Table 4 can be adopted. If Table 4 is adopted, a UE who is sending EDT request in Msg1 may not be able to send user data in Msg3 due to the allocated TBS in RAR may be slightly smaller than the TBS required for the user data considering the following agreements agreed in RAN2. If Table 3 is adopted, UE may need have larger padding than the broadcast TBS needs, however, the padding is expected to be just slightly larger because the indicated TBS in Table 3 is the slightly larger TBS, i.e. the minimum TBS larger than the broadcast one.

1.2 On eNB blind detection
1.2.1  Enabling/disabling the use of TBS smaller than the maximum configured TBS
Agreement
Support NW enabling the use of TBS smaller than the maximum configured. FFS details.

To resolve the issue of very large padding when the required TBS is much less than the indicated TBS by UL grant, it is proposed by RAN2’s LS to consider up to 4 possible TB sizes as candidate TBS for eNB blind detection. 
In RAN1#92, it was agreed as following that network can switch off this operation. The purpose of the eNB blind detection is to reduce the transmission duration of UE. This is to control when the feature of blind decoding is deployed in the eNB, and also when the eNB processing power needs to be dedicated to e.g. MBB traffic rather than IoT traffic. Hence, by enabling or disabling this feature, the main benefit case is for large coverage UEs with large number of repetitions. For good coverage UE, the benefit of using a smaller TBS may be not as large as that for deep coverage UE. Hence, it is proposed to adopt coverage level enabling/disabling of the use of TBS smaller than the maximum indicated one in the UL grant. By using per-coverage level enabling, eNB can direct the avialable computational power to thos Ues who will get the most power saving from it.
Proposal 5: Network enables/disables the use of TBS smaller than the maximum indicated for EDT per coverage level.

Regarding the signaling, SIB is preferred compared with the signaling in RAR. This is due to additional processing introduced by the latter during the gap between Msg2 and Msg3, including choosing a new smaller TBS. This is not preferred in the RACH procedure. 
Proposal 6: Use broadcast signalling per coverage level for enabling/disabling the use of TBS smaller than the maximum for EDT.
1.2.2 4 possible TBS values for blind detection
It was agreed in RAN2#101, up to 4 TBS candidates can be selected to resolve padding issue. As discussed in section 2.1, when the UE receives the broadcast maximum TBS, and different number of RUs and possible slightly larger or smaller TBS may be indicated in the UL grant of RAR. For convenience, the name of “indicated TBS in UL grant” is used to refer the indicated TBS by RAR and the maximum TBS signaled in SIB is referred as “broadcast maximum TBS”. 
As shown in Table 3, for different broadcast maximum TBS in SIB, different columns are referred for the interpretation of UL grant field in RAR. The indicated TBS and the corresponding NRU are signaled by the UL grant according to the corresponding column in Table 3. In case of the feature of the use of smaller TBS is enabled, the remaining issue is how to select the up to 4 candidates for eNB blind detection.
To figure out the up to four TBS candidates for blind detection, the indicated TBS in UL grant of RAR is used as the maximum TBS in the up to 4 candidates. The minimum TBS value in the up to 4 candidate values can be also fixed to a specified TBS value, e.g. 328 bits. The remaining 2 candidates between the indicated TBS in UL grant and the fixed minimum TBS value are selected to minimize the padding issue. 
Table 5 example of table for up to 4 candidates for blind detection in case of broadcast TBS is 872
	Broadcast TBS in SIB
	MCS field in UL grant in RAR
	Indicated RU numbers
	Up to 4 candidates for blind detection

	872
	‘011’
	4RUs
	1000
	776
	536
	328

	
	‘100’
	5RUs
	872
	680
	504
	328

	
	‘101’
	6RUs
	936
	712
	504
	328

	
	‘110’
	8RUs
	1000
	808
	552
	328

	
	‘111’
	10RUs
	872
	680
	568
	344



Proposal 7: The indicated TBS by UL grant in RAR and a minimum TBS around 320 bits, are the maximum and minimum one in the up to 4 candidates for blind detection. Up to 2 remaining TBS values are selected in between to minimize the padding.

1.2.3 Resource loss on Msg3 re-transmission
[bookmark: _GoBack][image: ]
[bookmark: _Ref510440403]Figure 1 Illustration of blind detection of TBS for Msg3
If the use of smaller TBS than the broadcast TBS is enabled, the UE can choose a smaller TB size in the 4 candidates with fewer padding bits to transmit Msg3 with early data, and UE can save transmission power. However, eNB needs to blindly decode the actual transmitted TB without knowledge of the actual TB size chosen by the UE. 
When eNB has to do blind decoding of the actual transmitted TB, there is no guarantee that the TB can be always decoded correctly from a single shot reception of first transmission for Msg3 and decoding failure occurs particularly for the first transmission of Msg3 considering the contention resolution has not been finished. In this case, the actual TB size chosen by the UE is still unknown to eNB. As shown in Figure 1, if the first transmission of Msg3 fails, eNB needs to schedule retransmission of Msg3 by still allocating the maximum resource assuming the largest TBS, e.g. enough for 1000 bits. This leads to substantial overhead for the resource used for EDT re-transmission and a limitation on the MCS/NRU that the eNB can indicated in the DCI scheduling the re-transmission of Msg3. Also, the eNB has to continue providing processing effort for the blind decoding hypotheses on each re-transmission. 
To resolve this, the TBS value should be detectable independently from the actual decoding process, so that it is known to eNB also when the transmitted TB for Msg3 is not sucessfully decoded. This would allow the eNB to allocate an accurate, and in general smaller, amount of resource corresponding to the actual TBS for the Msg3 retransmission even when the initial transmission of Msg3 fails. Since the re-transmission is scheduled by DCI, it can adapt the MCS/RU allocation appropriately. It also removes the blind decoding computational effort for re-transmissions, and allows eNB to detect the actual TBS on the first transmission of Msg3, also reducing that processing load.
Proposal 8: The actual TBS used by the UE can be detected by eNB before decoding the initial transmission of Msg3.





Conclusion
In this contribution, the candidates of 8 broadcast maximum TBS is discussed and proposed in proposal 2. The UL grant in RAR format for EDT transmission is also discussed and it is proposed that all the five reserved states in current MCS field of the UL grant in RAR format is used and a detailed design in Table 3 and Table 4 is proposed in proposal 3 and 4.
The use of smaller TBS than the broadcast TBS is discussed in section 2.2. It is proposed to enable/disable the use of smaller TBS per coverage level to give the eNB flexibility to balance between the benefit of allowing the use smaller TBS and the overhead/load on eNB due to blind detection of TBS. Detailed consideration is also provided on how to figure out up to 4 candidates for blind detection. In the last section, the way for blind detection on eNB is discussed and it is proposed that the design of EDT enables the TBS detection before the blind decoding of Msg, which can significantly reduce the eNB complexity and meanwhile the resource overhead can be also significantly reduced when Msg3 is retransmitted.
Proposal 1: All five reserved states in current MCS field of the UL grant n RAR are used as much as possible.
Proposal 2: The 8 values for the broadcast maximum TBS are {1000, 872, 776, 680, 584, 504, 424, 328} bits.
Proposal 3: Allow the TBS value which is slightly smaller or larger than the broadcast maximum value to be indicated by one reserved state in UL grant of RAR for better granularity of RU numbers and MCS indication.
Proposal 4: Adopt indicated TBS values and number of RUs in Table 3 or Table 4 for the reserved states in MCS field in UL grant of RAR format when EDT is supported, where the associated broadcast maximum TBS is configured in SIB.
Proposal 5: Network enables/disables the use of TBS smaller than the maximum indicated for EDT per coverage level.
Proposal 6: Use broadcast signalling per coverage level for enabling/disabling the use of TBS smaller than the maximum for EDT.
Proposal 7: The indicated TBS by UL grant in RAR and a minimum TBS around 320 bits, are the maximum and minimum one in the up to 4 candidates for blind detection. Up to 2 remaining TBS values are selected in between to minimize the padding.
Proposal 8: The actual TBS used by the UE can be detected by eNB before decoding the initial transmission of Msg3. 
References
[bookmark: _Ref489449307]RP-172063, “Revised WID on Further NB-IoT enhancements”, Huawei, HiSilicon, RAN#77, Sapporo, Japan, September 2017.
[bookmark: _Ref489449327]R2-1708300, “Early data transmission for the CP solution”, Huawei, HiSilicon, Neul, RAN2#99, Berlin, Germany, August 2017.
[bookmark: _Ref489449375]RP-160685, “Way Forward on Resume ID in UP solution”, Ericsson, Verizon, AT&T, Telstra, China Mobile, Softbank mobile, CHTTL, Sony,  Intel Corporation, NTT DOCOMO, Samsung, Sierra Wireless, Mediatek, RAN#71, Gothenburg, Sweden.
image2.wmf
RU

I


oleObject2.bin

image3.emf
 

M

s

g

1

Msg2

Msg3

Resource for Msg3  transmission allocated by 

RAR in Msg2

eNB

UE

N

P

D

C

C

H

1

st

transmission of Msg3

N

P

D

C

C

H

R

e

s

o

u

r

c

e

 

f

o

r

 

T

B

S

1

R

e

s

o

u

r

c

e

 

f

o

r

 

T

B

S

2

Msg3

Resource for Msg3  transmission allocated by 

RAR in Msg2

retransmission of Msg3

R

e

s

o

u

r

c

e

 

f

o

r

 

T

B

S

1

R

e

s

o

u

r

c

e

 

f

o

r

 

T

B

S

2

Wasted resource Wasted resource


image1.wmf
TBS

I


oleObject1.bin

