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1 Introduction

In RAN1 #92bis meeting (including the email discussion 92b-LTE-09 post RAN1 #92bis), the following were agreed in RAN1 regarding data transmission during the random access procedure [1]:

· For EDT scheduled by RAR grant, 

· For CE Mode A, 2–6 PRBs are supported with 4 bits resource allocation field.

· Whether to support 1 PRB can be reconsidered if there is an available spare bit to expand resource allocation field.
· For CE Mode B, 1-2 PRBs are supported with at least 3 bits resource allocation field.

· Resource allocation may or may not be modified, picking at least 8 resource allocations.
· Whether to expand resource allocation can be reconsidered if there is an available spare bit to expand resource allocation field.
· The 8 maximum TBS values in CE mode A (i.e. PRACH levels 0 and 1) are {328 408 504 600 712 808 936 1000}.

· Only values of NPRB and values of TBS in legacy Rel-13 PUSCH table can be used for EDT 

· The 8 maximum TBS values in CE mode B (i.e. PRACH levels 2 and 3) are {328 408 456 504 600 712 808 936}.

· Only values of NPRB and values of TBS in legacy Rel-13 PUSCH table can be used for EDT 

· For each of the 8 maximum TBS values

· The number of repetitions changes depending on the actual TBS, potentially including numbers of repetitions which are not included in legacy PUSCH repetition numbers (FFS how) 

· For EDT Msg3 transmission, 16QAM modulation is not supported.

· The use of TBS smaller than the maximum configured is configured per CE level in SIB.
· Per cell, in the below, Ti < Ti+1, eNB can configure that the UE chooses from:

· When there are 4 permitted actual transmitted TBS {T1, T2, T3, T4}

· T2 or T4
· T1, or T2, or T3, or T4
· When there are 3 permitted actual transmitted TBS {T1, T2, T3}

· T2 or T3
· T1 or T2 or T3
· When there are 2 permitted actual transmitted TBS {T1, T2}

· T1 or T2
· The possible smaller TBS values are predefined from the configured maximum TBS and the configured maximum number of blind decodes.
· Exact TBS table on EDT for CE mode A:

	Max TBS
	328
	408
	504
	600
	712
	808
	936
	1000

	T1
	328
	328
	328
	328
	328
	328
	328
	328

	T2
	
	408
	408
	408
	456
	504
	504
	536

	T3
	
	
	456
	504
	600
	712
	712
	776

	T4
	
	
	504
	600
	712
	808
	936
	1000


· Exact TBS table on EDT for CE mode B:

	Max TBS
	328
	408
	456
	504
	600
	712
	808
	936

	T1
	328
	328
	328
	328
	328
	328
	328
	328

	T2
	
	408
	408
	408
	408
	456
	504
	504

	T3
	
	
	456
	456
	504
	600
	712
	712

	T4
	
	
	
	504
	600
	712
	808
	936


· Use the ‘R’ bit in RAR to differentiate EDT and non-EDT. 
In this contribution, we discuss the remaining issue of data transmission during random access procedure for MTC.

2 PRB allocation for CE mode A

For MTC, the size of each Random Access Response Grant content field is listed in Table 1:

Table 1: Random Access Response Grant Content field size
	DCI contents
	CE mode A
	CE mode B

	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


For CE mode A, 3 bits MCS field in Table 1 can indicate 8 different states, corresponding to [image: image3.wmf]MCS

I

value that ranges from 0~7, as shown in Table 2. 

Table 2: Modulation, TBS index and redundancy version table for PUSCH

	MCS Index[image: image4.wmf]MCS

I


	Modulation Order
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	TBS Index
[image: image6.wmf]TBS

I


	Redundancy Version
rvidx

	0
	2
	0
	0

	1
	2
	1
	0

	2
	2
	2
	0

	3
	2
	3
	0

	4
	2
	4
	0

	5
	2
	5
	0

	6
	2
	6
	0

	7
	2
	7
	0


In order to guarantee the reliability of Msg3 EDT, modulation order,[image: image7.wmf]'
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 can be fixed to QPSK. Moreover, [image: image8.wmf]TBS
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 in Table 2 is no longer valid since the possible TBS are predefined from the configured maximum TBS and the configured maximum number of blind decodes. Furthermore, Redundancy Version，rvidx，in Table 2 can be fixed to 0, or be indicated by 2 bits . In this case, at least 1 bit in MCS field can be used for resource allocation of Msg3 early data transmission.

Base on the above analysis, it is proposed that 1 bit in “MCS” field can be used together with other 4 bits in “Msg3 PUSCH Resource allocation” field to indicate EDT Msg3 resource allocation. For a total of 5 bits, any PUSCH resource allocation within 6 PRB can be supported. 

Proposal 1: For Msg3 EDT in CE mode A, modulation order,[image: image9.wmf]'
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 can be fixed to QPSK.
Proposal 2: For Msg3 EDT in CE mode A, 1 bit in “MCS” field can be used together with other 4 bits in “Msg3 PUSCH Resource allocation” field to indicate EDT Msg3 resource allocation;

· 1–6 PRBs are supported with the 5-bit expanded resource allocation field.

· Legacy LTE PRB resource allocation scheme is reused for Msg3 EDT in CE mode A.

3 Number of repetitions for each possible TBS

In RAN1 #92bis, it is agreed that the number of repetitions changes depending on the actual TBS. As we know, in “Number of Repetitions for Msg3 PUSCH” field of MAC RAR, the number of repetitions corresponding to the maximum TBS is indicated. However, if the actual TBS the UE chooses is less than the maximum TBS, an adjustment factor of number of repetitions,
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, needs to be introduced to calculate the actual number of repetitions for the actual TBS. The detailed calculation procedure is described as bellow:

Firstly, the range of 
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is predefined to {1/8, 2/8, 3/8, 4/8, 5/8, 6/8, 7/8, 1}, and for each possible TBS that is smaller than the configured maximum TBS should have a 
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 respectively configured in SIB.

Secondly, the actual number of repetitions for a possible TBS is equal to 
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, wherein,
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is configured in “Number of Repetitions for Msg3 PUSCH” field of MAC RAR.

Moreover, in order to save the overhead for the indication of 
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, it is proposed that a look-up table is used to indicate the value of 
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for each possible TBS as shown in Table 3. If the number of possible TBS, X, is smaller than 4, the values of 
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 corresponding to the last X possible TBS(s) are selected.

Table 3: Adjustment factor,
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	Index
	Adjustment factor of
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	1st possible TBS(T1)
	2nd  possible TBS(T2)
	3rd  possible TBS(T3)
	4th possible TBS(T4)

	0
	1
	1
	1
	1

	1
	4/8
	4/8
	 1
	 1

	2
	3/8
	5/8
	7/8
	1

	3
	2/8
	4/8
	 6/8
	 1


For example, when the configured maximum TBS is 1000 bits, the possible TBS is {T1=328, T2=536, T3=776, T4=1000}. If the indicator of 
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configured in SIB is “3”, 
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. If the number of repetitions indicated in “Msg3 repetition number
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” field of RAR is 256, the actual number of Msg3 repetitions for the 4 possible TBSs is listed in Table 4.

Table 4: Actual number of Msg3 repetitions for the 4 possible TBSs

	Actual TBS

(bits)
	The corresponding number of repetitions

	328
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	536
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	776
	
[image: image25.wmf]192

8

/

6

256

256

1

=

×

=

×

b



	1000
	256


Proposal 3: The actual number of repetitions for each possible TBS is equal to 
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, wherein,
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is configured in “Number of Repetitions for Msg3 PUSCH” field of MAC RAR,
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is adjustment factor of number of repetitions for each possible TBS configured in SIB.

· A 2-bit look-up table is used to indicate the value of 
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for each possible TBS.
4 EDT Msg3 retransmission

The actual TBS of Msg3 EDT is not needed to be indicated to eNB during transmission. When the retransmission of Msg3 EDT happens, eNB needs to do blind combination for each possible TBS since the actual TBS chose by UE is not known for eNB. It may slightly increase the detection complexity of eNB. However, some implementation schemes can be used to reduce the detection complexity of eNB. For example, the number of repetitions for the possible TBS smaller than the maximum TBS could be configured a little bigger than the reference value, thus the BLER for the smaller possible TBS will be maintained at very low level. In this case, the retransmission of Msg3 EDT mostly happens when the actual TBS chose by UE is the maximum TBS. Based on such assumption, retransmission combination by attempting the maximum TBS with high priority can effectively minimize the number of attempts for blind combination of retransmission.

Proposal 4: The actual TBS of Msg3 EDT is not needed to be indicated to eNB during transmission.

5 Early termination for Msg3 EDT 
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Figure 1: MTC Msg3 EDT

For Msg3 EDT, up to 4 possible TBSs are support, and each possible TBS has a corresponding number of repetitions of Msg3 EDT. For example, as shown in Figure 1, 4 possible TBSs are defined as {TBS 0, TBS1, TBS2, TBS3}, and the corresponding number of repetitions of Msg3 EDT are {n0, n1, n2, n3}. Moreover, the configuration of legacy MTC search space is also shown in Figure 1, and two legacy MTC search spaces are valid during Msg3 EDT transmission with number of repetitions of n3. In order to guarantee the successful transmission rate of Msg3 EDT, it is preferred to configure the number of repetitions for Msg3 EDT of a CE level according to the maximum MCL value of the CE level. However, due to the actual couple loss for majority UEs in a given CE level is usually smaller than the maximum MCL defined for that CE level, the possibility that eNB successfully decode Msg3 EDT transmission in advance is high. According to the analysis in [2], if early termination of Msg3 EDT is supported, it is beneficial for UE power consumption. Therefore, it is proposed that an MTC UE is required to monitor MPDCCH candidates of legacy MTC search space (if existent) during the Msg3 EDT transmission with the maximum number of repetitions.
Proposal 5: An MTC UE is required to monitor MPDCCH candidates of legacy MTC search space (if existent) during Msg3 EDT transmission with the maximum number of repetitions.

6 Conclusions

In this contribution, we have discussed the remaining issues of early data transmission for MTC. We make the following proposals:

Proposal 1: For Msg3 EDT in CE mode A, modulation order,[image: image31.wmf]'
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 can be fixed to QPSK.
Proposal 2: For Msg3 EDT in CE mode A, 1 bit in “MCS” field can be used together with other 4 bits in “Msg3 PUSCH Resource allocation” field to indicate EDT Msg3 resource allocation;

· 1–6 PRBs are supported with the 5-bit expanded resource allocation field.

· Legacy LTE PRB resource allocation scheme is reused for Msg3 EDT in CE mode A.

Proposal 3: The actual number of repetitions for each possible TBS is equal to 
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, wherein,
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is configured in “Number of Repetitions for Msg3 PUSCH” field of MAC RAR,
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is adjustment factor of number of repetitions for each possible TBS configured in SIB.

· A 2-bit look-up table is used to indicate the value of 
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for each possible TBS.
Proposal 4: The actual TBS of Msg3 EDT is not needed to be indicated to eNB during transmission.

Proposal 5: An MTC UE is required to monitor MPDCCH candidates of legacy MTC search space (if existent) during Msg3 EDT transmission with the maximum number of repetitions.
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