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1. Introduction
In the RAN1 #92 meeting, RAN1 receives a request on Message 3 size for NR from RAN2 [1], the overall descriptions are given below:
	RAN2 has been working on designing the RRC connection control messages for NR standalone. Some of the RRC messages are delivered over CCCH as Message 3, like RRC connection request, RRC connection re-establishment request and RRC connection resume request in LTE. RAN2 would like to know the message 3 size supported for NR, more precisely, the total bits of CCCH SDU + MAC header (2 octets) delivered as message 3. It is noted that the RRC message delivered over CCCH cannot be segmented since transparent mode is applied in the RLC layer for which segmentation is not supported. 
RAN2 would like to hear feedback from RAN1 about the possible transport block size that can be supported for MSG3. For reference, LTE supports 56 bits and 72 bits (including MAC header of 1 octet). Based on the status of RAN2 discussion we expect that NR will require a larger size.


In LTE, 56 bits and 72 bits are supported for Msg.3 and 1-octet MAC header is included. However, unlike LTE, the MAC header of NR is 2 octets. In this case, NR may require lager TB size. However, it is not clear whether larger TB size can ensure the successful rate of establishing of RRC connection especially for cell-edge UEs in NR. To better understand the impact of different Msg.3 size in NR and decide the possible transport block size that can be supported for Msg.3 in NR, some link level evaluations are conducted in this contribution. For comparison, the performance of LTE Msg.3 is also evaluated and used as a benchmark.
2. Simulation assumption and methodology
In this section, we discuss the link level simulations assumption and methodology. The general simulation assumptions are shown in Appendix A. Besides, both Msg.3 PUSCH with frequency hopping and without frequency hopping are considered. Unlike LTE, NR supports both slot-based scheduling and non-slot based scheduling. Therefore, in addition to 14-symbol PUSCH, we also consider 4-symbol PUSCH for NR. It is noted that the DMRS configuration between LTE and NR is different. And even for NR, the DMRS configuration is also different for different PUSCH transmission durations. The DMRS configuration assumed in our simulation are given in Appendix B.
3. Preliminary evaluation results
In this section, some evaluation results are presented. Firstly, we compare the simulation results between LTE PUSCH and NR PUSCH under the same conditions. Then, in order to observe the impact of different Msg.3 size, we also evaluate the BLER performance of NR PUSCH in terms of different TB sizes under various assumptions on the carrier frequency and number of Rx antenna at the gNB. The Es/N0 (dB) required for achieving the 10% PUSCH BLER is the metric. 
3.1. Evaluation results and comparison between LTE and NR
In this section, the simulation results for LTE and NR are presented. For comparison, same simulation parameters are assumed except the DMRS configurations and coding schemes. Specifically, 15kHz subcarrier spacing at 2GHz carrier frequency and 2 Rx antenna at the gNB are assumed. 14-symbol PUSCH is considered. Table 1 and 2 show the required Es/N0 (dB) for 10% PUSCH BLER for NR and LTE when frequency hopping is enabled. Table 3 and 4 show required Es/N0 (dB) for 10% PUSCH BLER for LTE and NR when frequency hopping is disabled. For reference, the BLER and Es/N0 curves are also shown in Fig.4 to Fig.9 in Appendix C. 
Comparing the required Es/N0 between NR and LTE, it can be observed that assuming the same TB size of 56 bits and under the same conditions, NR and LTE offer almost comparable BLER performances. The differences in required Es/N0 for achieving BLER = 0.1 is not more than 0.3dB under the TDL-C channel model for the evaluated cases. 
Therefore, we have the following observations:
Observation 1: 
· Assuming the same TB size of 56 bits and under the same conditions of SCS, number of PRBs, number of symbols, frequency hopping, etc, NR and LTE offer almost comparable BLER performances. The differences in required Es/N0 for achieving BLER = 0.1 is not more than 0.3dB under the TDL-C channel model for the evaluated cases.
Table 1. Es/N0 (dB) for 10% of PUSCH BLER with 14 symbols for NR (@2GHz, 2Rx, FH=1)
	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	40 bits
	56 bits
	72 bits
	88 bits
	104 bits

	1PRB
	AWGN
	14
	-4.59 
	-3.56 
	-2.68 
	-1.81 
	-0.96 

	
	
	
	-1.02 
	0.00 
	0.89 
	1.76 
	2.60 

	
	TDL-C
	
	-0.87 
	0.56 
	1.69 
	2.85 
	3.80 

	
	
	
	-1.43 
	0.00 
	1.13 
	2.29 
	3.24 

	
	
	
	
	
	
	
	

	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	56 bits
	72 bits
	88 bits
	112 bits
	144 bits

	2PRB
	AWGN
	14
	-6.94 
	-6.15 
	-5.58 
	-4.68 
	-3.67 

	
	
	
	0.00 
	0.78 
	1.36 
	2.25 
	3.26 

	
	TDL-C(300ns)
	
	-2.69 
	-1.88 
	-1.08 
	-0.09 
	1.25 

	
	
	
	0.00 
	0.82 
	1.61 
	2.61 
	3.94 

	
	
	
	
	
	
	
	

	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	80 bits
	104 bits
	128 bits
	176 bits
	216 bits

	3PRB
	AWGN
	14
	-7.80 
	-6.89 
	-6.22 
	-4.91 
	-3.84 

	
	
	
	0.00 
	0.91 
	1.58 
	2.89 
	3.96 

	
	TDL-C
	
	-3.16 
	-2.21 
	-1.38 
	0.00 
	1.42 

	
	
	
	0.00 
	0.95 
	1.77 
	3.15 
	4.57 



Table 2. Es/N0 (dB) for 10% of PUSCH BLER with 4 symbols for LTE (@2GHz, 2Rx, FH=1)
	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	40 bits
	56 bits
	72 bits
	104 bits
	120 bits

	1PRB
	AWGN
	14
	-3.96 
	-3.28 
	-2.72 
	-1.35 
	-0.72 

	
	
	
	-0.67 
	0.00 
	0.57 
	1.94 
	2.57 

	
	TDL-C
	
	-0.52 
	0.51 
	1.37 
	3.21 
	4.06 

	
	
	
	-1.03 
	0.00 
	0.86 
	2.70 
	3.55 

	
	
	
	
	
	
	
	

	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	56 bits
	72 bits
	104 bits
	120 bits
	144 bits

	2PRB
	AWGN
	14
	-6.40 
	-5.81 
	-4.76 
	-4.31 
	-3.80 

	
	
	
	0.00 
	0.59 
	1.63 
	2.09 
	2.60 

	
	TDL-C
	
	-2.41 
	-1.70 
	-0.39 
	0.09 
	0.77 

	
	
	
	0.00 
	0.71 
	2.02 
	2.50 
	3.18 

	
	
	
	
	
	
	
	

	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	56 bits
	88 bits
	144 bits
	176 bits
	208 bits

	3PRB
	AWGN
	14
	-8.13 
	-6.96 
	-5.61 
	-4.88 
	-4.42 

	
	
	
	0.00 
	1.16 
	2.52 
	3.25 
	3.71 

	
	TDL-C
	
	-3.72 
	-2.57 
	-0.94 
	-0.22 
	0.43 

	
	
	
	0.00 
	1.15 
	2.78 
	3.50 
	4.15 


Table 3. Es/N0 (dB) for 10% of PUSCH BLER with 14 symbols for NR (@2GHz, 2Rx, FH=0)
	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	48 bits
	64 bits
	72 bits
	96 bits
	112 bits

	1PRB
	AWGN
	14
	-4.67
	-3.70
	-3.29
	-2.03
	-1.34

	
	
	
	0.00 
	0.97 
	1.38 
	2.64 
	3.32 

	
	TDL-C
	
	1.05
	2.16
	2.53
	3.94
	4.56

	
	
	
	0.00 
	1.11 
	1.48 
	2.89 
	3.51 

	
	
	
	
	
	
	
	

	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	56 bits
	80 bits
	96 bits
	128 bits
	152 bits

	2PRB
	AWGN
	14
	-7.57
	-6.44
	-5.79
	-4.70
	-3.94

	
	
	
	0.00
	1.12
	1.77
	2.86
	3.62

	
	TDL-C
	
	-1.31
	0.03
	0.59
	1.93
	2.50

	
	
	
	0.00
	1.34
	1.90
	3.25
	3.81

	
	
	
	
	
	
	
	

	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	88 bits
	120 bits
	144 bits
	192 bits
	232 bits

	3PRB
	AWGN
	14
	-7.98
	-6.89
	-6.32
	-5.03
	-4.07

	
	
	
	0.00
	1.09
	1.66
	2.95
	3.91

	
	TDL-C
	
	-1.40
	-0.03
	0.56
	1.97
	2.97

	
	
	
	0.00
	1.36
	1.96
	3.37
	4.37


Table 4. Es/N0 (dB) for 10% of PUSCH BLER with 14 symbols for LTE (@2GHz, 2Rx, FH=0)
	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	40 bits
	56 bits
	72 bits
	104 bits
	120 bits

	1PRB
	AWGN
	14
	-4.47
	-3.72
	-3.09
	-1.69
	-0.96

	
	
	
	-0.76
	0.00
	0.63
	2.03
	2.75

	
	TDL-C
	
	0.78
	1.79
	2.39
	3.92
	4.63

	
	
	
	-1.01
	0.00
	0.60
	2.13
	2.84

	
	
	
	
	
	
	
	

	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	56 bits
	72 bits
	104 bits
	120 bits
	144 bits

	2PRB
	AWGN
	14
	-6.75
	-6.09
	-4.99
	-4.60
	-3.98

	
	
	
	0.00
	0.65
	1.76
	2.15
	2.77

	
	TDL-C
	
	-0.86
	-0.20
	1.08
	1.47
	2.10

	
	
	
	0.00
	0.65
	1.94
	2.32
	2.96

	
	
	
	
	
	
	
	

	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	56 bits
	88 bits
	144 bits
	176 bits
	208 bits

	3PRB
	AWGN
	14
	-8.55
	-7.33
	-5.79
	-5.05
	-4.61

	
	
	
	0.00
	1.22
	2.75
	3.50
	3.94

	
	TDL-C
	
	-2.21
	-1.07
	0.51
	1.26
	1.86

	
	
	
	0.00
	1.13
	2.72
	3.47
	4.07


Note: The value highlighted in light brown shows the loss (dB) from the TB size of 56 bits. When 56 bits TB size is not available, the value highlighted in light brown shows the increase in (dB) from the required Es/N0 for smallest available TB size.

3.2. Evaluation results of NR PUSCH with different TB sizes
In this section, the evaluation results of NR PUSCH in terms of different TB sizes under various assumptions on the carrier frequency and number of Rx antenna at the gNB are presented. Table 5 to table 7 show the results of 14-symbol PUSCH. From table 5 to table 7, it can be observed that with the increase of TB size, the required Es/N0 for 10% PUSCH BLER is increased.  Specifically, in AWGN channel, 
· For 1 PRB, compared with TB size of 56 bits, TB size of 72 bits results in around 0.8~0.9 dB increase of required Es/N0.
· For 2PRB, compared with TB size of 56 bits, TB size of 72 bits results in 0.76~0.78 dB increase of required Es/N0.
· For 3 PRB, the available TB size in NR cannot be smaller than 80 bits according to the TB size calculation.
In TDL-C channel, the increase of required Es/N0 (dB) is even larger than that of AWGN channel.
Table 5. Es/N0 (dB) for 10% of PUSCH BLER with 14 symbols (@4GHz, 4Rx, FH=1)
	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	40 bits
	56 bits
	72 bits
	88 bits
	104 bits

	1PRB
	AWGN
	14
	-7.12 
	-6.19 
	-5.38 
	-4.56 
	-3.78 

	
	
	
	-0.93 
	0.00 
	0.80 
	1.63 
	2.41 

	
	TDL-C
	
	-5.14 
	-3.95 
	-3.04 
	-2.04 
	-1.22 

	
	
	
	-1.19 
	0.00 
	0.91 
	1.91 
	2.73 

	
	
	
	
	
	
	
	

	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	56 bits
	72 bits
	88 bits
	112 bits
	144 bits

	2PRB
	AWGN
	14
	-9.61 
	-8.84 
	-8.29 
	-7.42 
	-6.48 

	
	
	
	0.00 
	0.77 
	1.32 
	2.19 
	3.13 

	
	TDL-C
	
	-7.25 
	-6.47 
	-5.75 
	-4.86 
	-3.71 

	
	
	
	0.00 
	0.78 
	1.50 
	2.39 
	3.54 

	
	
	
	
	
	
	
	

	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	80 bits
	104 bits
	128 bits
	176 bits
	216 bits

	3PRB
	AWGN
	14
	-10.53 
	-9.68 
	-8.95 
	-7.78 
	-6.72 

	
	
	
	0.00 
	0.85 
	1.58 
	2.74 
	3.81 

	
	TDL-C
	
	-7.73 
	-6.94 
	-6.19 
	-4.93 
	-3.74 

	
	
	
	0.00 
	0.79 
	1.54 
	2.80 
	3.99 


Table 6. Es/N0 (dB) for 10% of PUSCH BLER with 14 symbols (@4GHz, 2Rx, FH=1)
	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	40 bits
	56 bits
	72 bits
	88 bits
	104 bits

	1PRB
	AWGN
	14
	-4.59
	-3.57
	-2.68
	-1.80
	-0.96

	
	
	
	-1.02
	0.00
	0.89
	1.76
	2.60

	
	TDL-C
	
	-0.79
	0.54
	1.86
	3.12
	4.10

	
	
	
	-1.34
	0.00
	1.31
	2.58
	3.55

	
	
	
	
	
	
	
	

	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	56 bits
	72 bits
	88 bits
	112 bits
	144 bits

	2PRB
	AWGN
	14
	-6.94
	-6.15
	-5.58
	-4.68
	-3.67

	
	
	
	0.00
	0.78
	1.36
	2.26
	3.27

	
	TDL-C
	
	-2.67
	-1.82
	-1.03
	0.00
	1.39

	
	
	
	0.00
	0.85
	1.64
	2.67
	4.05

	
	
	
	
	
	
	
	

	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	80 bits
	104 bits
	128 bits
	176 bits
	216 bits

	3PRB
	AWGN
	14
	-7.80
	-6.89
	-6.22
	-4.91
	-3.85

	
	
	
	0.00
	0.91
	1.58
	2.89
	3.95

	
	TDL-C
	
	-2.94
	-2.01
	-1.28
	0.23
	1.75

	
	
	
	0.00
	0.93
	1.66
	3.16
	4.69


Table 7. Es/N0 (dB) for 10% of PUSCH BLER with 14 symbols (@2GHz, 4Rx, FH=1)
	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	40 bits
	56 bits
	72 bits
	88 bits
	104 bits

	1PRB
	AWGN
	14
	-7.12
	-6.18
	-5.38
	-4.56
	-3.77

	
	
	
	-0.93
	0.00
	0.80
	1.63
	2.41

	
	TDL-C
	
	-5.16
	-4.05
	-3.08
	-2.06
	-1.30

	
	
	
	-1.11
	0.00
	0.96
	1.99
	2.74

	
	
	
	
	
	
	
	

	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	56 bits
	72 bits
	88 bits
	112 bits
	144 bits

	2PRB
	AWGN
	14
	-9.61
	-8.85
	-8.29
	-7.42
	-6.48

	
	
	
	0.00
	0.76
	1.32
	2.19
	3.13

	
	TDL-C
	
	-7.30
	-6.52
	-5.77
	-4.95
	-3.79

	
	
	
	0.00
	0.78
	1.53
	2.35
	3.51

	
	
	
	
	
	
	
	

	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	80 bits
	104 bits
	128 bits
	176 bits
	216 bits

	3PRB
	AWGN
	14
	-10.52
	-9.68
	-8.95
	-7.78
	-6.72

	
	
	
	0.00
	0.84
	1.57
	2.74
	3.80

	
	TDL-C
	
	-7.90
	-7.07
	-6.36
	-5.02
	-3.86

	
	
	
	0.00
	0.83
	1.54
	2.88
	4.04


Note: The value highlighted in light brown shows the increase in (dB) from the required Es/N0 for TB size of 56 bits. When 56 bits TB size is not available, the value highlighted in light brown shows the increase in (dB) from the required Es/N0 for the smallest available TB size.

Table 8 and 9 show the results of 4-symbol PUSCH. From these results, it can be observed that with the increase of TB size, the required Es/N0 for 10% BLER is also increased.  Specifically, in AWGN channel, 
· For 3 PRB, compared with TB size of 56 bits, TB size of 72 bits results in around 1.12~1.16 dB increase of required Es/N0.
· For 4PRB, compared with TB size of 56 bits, TB size of 64 bits results in 0.62~0.67 dB increase of required Es/N0.
· Note: For this case, TB size of 72 bits is not available according to the current TB size calculation.
· For 5 PRB, compared with TB size of 56 bits, TB size of 72 bits results in around 0.90~0.93 dB increase of required Es/N0.
In TDL-C channel, the increase of required Es/N0 is similar or larger than that of AWGN channel. 
The above observations imply that with the increase of Msg.3 TB size, the failure rate of receiving Msg.3 at the gNB is increased, especially for cell-edge users. This would result in deteriorating the the successful rate of establishing or resuming an RRC connection for users at the cell edge.
Observation 2:
· For NR PUSCH, TB size larger than 56 bits leads to more than 0.6dB increase of required Es/N0 compared to TB size of 56 bits under the same condition in various evaluation environments.
Table 8. Es/N0 (dB) for 10% of PUSCH BLER with 4 symbols (@4GHz, 4Rx, FH=1)
	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	48 bits
	56 bits
	72 bits
	80 bits
	88 bits

	3PRB
	AWGN
	4
	-4.28 
	-3.66 
	-2.54 
	-1.92 
	-1.25 

	
	
	
	-0.61 
	0.00 
	1.12 
	1.74 
	2.41 

	
	TDL-C
	
	-1.41 
	-0.77 
	0.50 
	1.09 
	1.91 

	
	
	
	-0.64 
	0.00 
	1.28 
	1.87 
	2.69 

	
	
	
	
	
	
	
	

	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	40 bits
	56 bits
	64 bits
	80 bits
	96 bits

	4PRB
	AWGN
	4
	-6.55 
	-5.48 
	-4.86 
	-3.88 
	-2.96 

	
	
	
	-1.06 
	0.00 
	0.62 
	1.60 
	2.52 

	
	TDL-C
	
	-3.66 
	-2.45 
	-1.87 
	-0.86 
	0.13 

	
	
	
	-1.21 
	0.00 
	0.58 
	1.60 
	2.59 

	
	
	
	
	
	
	
	

	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	40 bits
	56 bits
	72 bits
	88 bits
	104 bits

	5PRB
	AWGN
	4
	-7.70 
	-6.64 
	-5.74 
	-4.84 
	-4.02 

	
	
	
	-1.05 
	0.00 
	0.90 
	1.80 
	2.63 

	
	TDL-C
	
	-4.75 
	-3.61 
	-2.63 
	-1.66 
	-0.87 

	
	
	
	-1.14 
	0.00 
	0.99 
	1.95 
	2.75 


Table 9. Es/N0 (dB) for 10% of PUSCH BLER with 4 symbols (@4GHz, 2Rx, FH=1)
	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	48 bits
	56 bits
	72 bits
	80 bits
	88 bits

	3PRB
	AWGN
	4
	-1.46 
	-0.81 
	0.36 
	1.01 
	1.66 

	
	
	
	-0.65 
	0.00 
	1.16 
	1.82 
	2.46 

	
	TDL-C
	
	4.12 
	4.88 
	6.40 
	7.17 
	8.10 

	
	
	
	-0.76 
	0.00 
	1.52 
	2.29 
	3.22 

	
	
	
	
	
	
	
	

	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	40 bits
	56 bits
	64 bits
	80 bits
	96 bits

	4PRB
	AWGN
	4
	-3.72 
	-2.63 
	-1.95 
	-0.94 
	-0.06 

	
	
	
	-1.10 
	0.00 
	0.67 
	1.69 
	2.57 

	
	TDL-C
	
	1.41 
	3.02 
	3.83 
	4.98 
	6.13 

	
	
	
	-1.61 
	0.00 
	0.80 
	1.95 
	3.10 

	
	
	
	
	
	
	
	

	PRB
	Propagation conditions
	OFDM symbols
	TBS

	
	
	
	40 bits
	56 bits
	72 bits
	88 bits
	104 bits

	5PRB
	AWGN
	4
	-4.86 
	-3.77 
	-2.84 
	-1.92 
	-1.12 

	
	
	
	-1.09 
	0.00 
	0.93 
	1.85 
	2.66 

	
	TDL-C
	
	0.49 
	1.85 
	3.05 
	4.22 
	5.18 

	
	
	
	-1.36 
	0.00 
	1.20 
	2.37 
	3.33 


Note: The value highlighted in light brown shows the increase in (dB) from the TB size of 56 bits. 



4. Discussion
Based on the above evaluations and analysis, we understood that Msg.3 TB size larger than 56 bits for NR has a risk of reducing the coverage of Msg.3 PUSCH compared to LTE Msg.3 PUSCH. If the TB size increase for Msg.3 is limited to 1 Byte, the degradation can be minimal. In some cases, for example, when frequency hopping is disabled and the number of PRB is 1 as shown in Fig.7 in Appendix C, NR performance with TB size of 64 bits can be identical to LTE performance with TB size of 56 bits. However, according to the current TB size determination method, TB size of 64 bits seems not available for NR Msg.3 in many cases. 
Generally, the following two options can be considered:
· Option 1: define Msg.3 TB size to be 56 bits
· Option 2: reconsider TB size determination to make TB size of 64 bits being available more
[bookmark: _GoBack]For option 1, RAN2 may need to reconsider MAC PDU design.  For option 2, additional work on TB size determination are necessary for RAN1 since TB size of 64 bits is not well occurring with the current TB size determination algorithm.
If it is proved that the performance of NR TB size of 64 bits is the same as the performance of LTE TB size of 56 bits for all the cases, option 2 would be feasible. However, unless it is proved, we cannot assume NR TB size of 64 bits can match the link-budget of LTE TB size of 56 bits. Therefore, we have the following observation:
Observation 3: 
· Msg.3 TB size larger than 56 bits for NR has a risk of reducing the coverage of Msg.3 PUSCH compared to LTE Msg.3 PUSCH.
Based on the above analysis and discussion, we propose:
Proposal 1:
· Send LS to RAN2 to inform the above observations.
· RAN1 should strive for correcting TB size if exact TB size of Msg.3 is not available for the PUSCH transmission if any.
5. Conclusion
In this contribution, link level simulation is conducted to check the impact of different TB size in terms of required Es/N0 (dB) for 10% BLER of PUSCH. And our observations and proposal are summarized below.
Observation 1: 
· Assuming the same TB size of 56 bits and under the same conditions of SCS, number of PRBs, number of symbols, MCS index, frequency hopping, etc, NR and LTE offer almost comparable BLER performances. The differences in required Es/N0 for achieving BLER = 0.1 is not more than 0.3dB under the TDL-C channel model for the evaluated cases.
Observation 2:
· For NR PUSCH, TB size larger than 56 bits leads to more than 0.6dB increase of required Es/N0 compared to TB size of 56 bits under the same condition in various evaluation environments.
Observation 3: 
· Msg.3 TB size larger than 56 bits for NR has a risk of reducing the coverage of Msg.3 PUSCH compared to LTE Msg.3 PUSCH.
Proposal 1:
· Send LS to RAN2 to inform the above observations.
· RAN1 should strive for correcting TB size if exact TB size of Msg.3 is not available for the PUSCH transmission if any.
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Appendix A: General link level simulation assumption for Msg.3 TB size

Table 1. Simulation parameters
	Parameters 
	Values 

	Scenario
	Urban macro

	Carrier frequency
	LTE: 2GHz
NR: 2GHz, 4GHz

	Subcarrier spacing
	LTE: 15kHz
NR: 15kHz for 2GHz, 30kHz for 4GHz

	System bandwidth
	LTE: 20MHz
NR: 20MHz for 2GHz, 40MHz for 4GHz

	PUSCH duration
	LTE: 14 symbols
NR: 4/14 symbols

	Number of UE
	1

	Waveform
	DFT-s-OFDM

	MCS
	QPSK

	Channel coding
	LTE: Turbo
NR: LDPC

	Link adaptation
	Disabled 

	Channel estimation
	Practical

	Channel model
	AWGN, TDL-C (300ns delay spread, 15km user speed)

	Receiver type
	MRC

	CQI feedback assumption
	No 

	ACK feedback assumption
	Ideal 


Appendix B: Assumption on DMRS configuration 
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Fig.1 DMRS configuration for LTE with frequency hopping and w/o frequency hopping.
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Fig.2 DMRS configuration for NR with frequency hopping
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Fig.3 DMRS configuration for NR without frequency hopping
Appendix C: Link level simulation results for Msg.3 TB size
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Fig.4 BLER performance for 1PRB with frequency hopping
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Fig.5 BLER performance for 2PRB with frequency hopping
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Fig.6 BLER performance for 3PRB with frequency hopping
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Fig.7 BLER performance for 1PRB without frequency hopping

[image: ][image: ]
Fig.8 BLER performance for 2PRB without frequency hopping
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Fig.9 BLER performance for 3PRB without frequency hopping
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