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1 Introduction

In RAN#71, a study item on enhancement of VoLTE has been approved [1]. The objective of the study item is to investigate the potential RAN enhancements to:

· enable VoLTE/video codec mode and codec rate selection and change over E-UTRA;

· improve the VoLTE/video quality perceived by the user by reducing packet loss or allowing the use of higher codec rate;

· prioritize VoLTE/video access and/or VoLTE/video related signalling and reduce call drop probability;

For potential improvements of the perceived VoLTE quality RAN WG2 kindly asks RAN WG1 [2] to investigate the trade-off between packet delay budget and achievable coverage to assess the benefits of VoLTE/video quality related enhancements, and provide feedback, taking the following agreements into account:
· The study of VoLTE/video quality related enhancements is focused on the techniques introduced by the eMTC work item.

· The study of VoLTE/video quality related enhancements is focused on the techniques available in CE mode A (with/without SPS) for Cat-M1 and other UE categories.

· For the study of VoLTE quality related enhancements, RAN1 is asked to take the recommended evaluation assumptions provided in Table 1 [1] into account. It should be noted that for the RAN1 evaluation, RAN2 do not preclude the use of EVS codec rates other than 7.2 kbps.
In this contribution results of simulations for the coverage of VoLTE using CE mode A are presented for both Cat-M1 UEs (assuming half duplex FDD and a single receive antenna) and other UE categories (full duplex FDD, dual receive antennas). 
2 Link simulations
A summary of the coverage limit of PDSCH, PUSCH, MPDCCH, and PUCCH is presented in Appendix A in Section 6. The coverage limits for the respective channels are summarized in Section 3 for full duplex dual antenna UEs and in Section 4 half duplex single antenna UEs.
The performance targets for the coverage limits are 

· 1 % and 10 % for the initial BLER for PDSCH and PUSCH 
· 1 % for the residual BLER after the maximum 6 transmissions for PDSCH and PUSCH

· 1 % error rate for MPDCCH  

· 1 % misdetection probability for PUCCH  

The initial BLER targets are only used in the analysis of half duplex UEs in Section 4 whereas the residual BLER target is used for analysis of both full duplex and half duplex UEs.

For the DL channels (PDSCH and MPDCCH) the results are presented for both single and dual antenna UE (denoted 1RX and 2RX in the following).
The transport block sizes used in the simulations are based on the estimated packet sizes for different RAN packet bundling and application frame aggregation strategies provided in [3], as outlined in Table 1.

The simulation assumptions are described in Table 2.
Table 1: Proposed recommended evaluation assumptions for VoLTE quality related enhancements

	Codec
	RAN aggregation (Note 1)
	Application encapsulation (Note 2)
	Payload (Note 3)
	RTP header (ROHC)
	PDCP
	RLC
	MAC
	BSR
	PHR
	Inter tx time (ms)
	Total (bytes)
	TBS (bits) (Note 4)

	EVS 7.2kbps
	1
	1
	18
	3
	2
	2
	1
	4
	2
	20
	32
	256

	EVS 7.2kbps
	2
	1
	18*2
	3*2
	2*2
	4
	1
	4
	2
	40
	57
	456

	EVS 7.2kbps
	3
	1
	18*3
	3*3
	2*3
	5
	1
	4
	2
	60
	81
	648

	EVS 7.2kbps
	4
	1
	18*4
	3*4
	2*4
	7
	1
	4
	2
	80
	106
	848

	EVS 7.2kbps
	1
	2
	19*2
	3
	2
	2
	1
	4
	2
	40
	52
	416

	EVS 7.2kbps
	1
	3
	19*3
	3
	2
	2
	1
	4
	2
	60
	71
	568

	EVS 7.2kbps
	1
	4
	19*4
	3
	2
	2
	1
	4
	2
	80
	90
	720


Note 1:
RAN aggregation of RTP packets each composed of one speech frame

Note 2:
Application encapsulation of speech frames in one RTP packet requires updates to the VoLTE service description GSMA PRD IR.92 [4]
Note 3:
For Payload, Compact Format is used for RAN aggregation and Header-Full Format is used for Application encapsulation as described in Annex A of TS 26.445
Note 4:
Some of the TBS values do not match the valid TBS values in Table 7.1.7.2.1-1 in 36.213. It is assumed that lower layers will choose a suitable TBS value, equal to or greater than the values in this column.
Table 2: Link simulation assumptions.

	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD

	Carrier frequency
	2 GHz

	Frequency tracking error 
	0%

	UL noise factor
	5dB

	DL noise factor
	9dB

	UE antenna configuration
	1TX, 1RX and 2RX

	eNB antenna configuration
	2TX, 2RX

	Channel model and Doppler spread
	AWGN, EPA 1Hz, EPA 5Hz

	Transport block sizes
	Lowest valid number higher than the payload sizes {256, 416, 456, 568, 648, 720, 848}

	PDSCH number of resource blocks
	6

	PUSCH number of resource blocks
	3

	MPDCCH number of resource blocks
	6

	PDSCH and PUSCH data source
	Full buffer

	PDSCH and PUSCH repetition factors
	1, 2, 4, 8, 16, 32

	MPDCCH repetition factors
	1, 2, 4, 8, 16

	PUCCH repetition factors
	1, 2, 4, 8

	Max number of PDSCH and PUSCH transmissions
	6

	DL number of HARQ processes
	4 with round robin scheduling

	UL number of HARQ processes
	4 and 8 with round robin scheduling


3 Full duplex FDD, dual receive antenna UE
3.1 Comparison of RAN packet bundling and application frame aggregation

In Table 1 two options for reducing the packet inter arrival time are presented, RAN aggregation of RTP packets composed of one speech frame and application encapsulation of several speech frames into one RTP packet. The latter procedure results in a slightly smaller packet size for the same speech content and packet inter arrival time. 
Table 13, Table 19 and Table 20 summarize the observed improvement in the coverage threshold for PDSCH and PUSCH (with 4 and 8 HARQ processes), respectively, by using application frame encapsulation instead of RAN packet bundling.
A coverage improvement of in the order of 0 to 0.7 dB may be observed depending on the choice of repetition factor. This coverage gain might not be considered sufficient to recommend updating the VoLTE client specification [4] to use frame encapsulation, considering the resulting end-to-end implications. Thus, the following analysis only considers the packet sizes for RAN aggregation (the first four rows of Table 1).   
Observation 1 The observed coverage benefit obtained by using application frame encapsulation rather than RAN packet aggregation is in the order of 0 to 0.7 dB.
Proposal 1 For the continued analysis of the coverage benefits of eMTC, only RAN packet aggregation is considered.
3.2 Transmission delay

The PUSCH simulations were performed with 4 or 8 HARQ processes using round robin scheduling of the processes. The round robin scheduling used in the simulations of the respective HARQ processes leads to that the maximum delay in the reception of a packet will equal


number_of_repetitions * ((max_number_of_transmissions – 1) * number_of_processes + 1). 


The maximum packet delays for the respective repetition factors are summarized in Table 3 for the cases of 4 and 8 HARQ processes used in the PUSCH simulations. It should be noted that particularly for the case of 16 and 32 repetitions the packet delay is higher than what is recommended for a real-time speech.
Table 3: Maximum packet delay [ms] in the PUSCH simulations.

	Repetitions
	Number of HARQ processes

	
	4 processes
	8 processes

	1
	21
	41

	2
	42
	82

	4
	84
	164

	8
	168
	328

	16
	336
	656

	32
	672
	1312


Table 18 shows the benefits in the coverage of PUSCH with the increased packet delay of the simulations using 8 HARQ processes. The coverage gain is dependent on the Doppler spread and only effective for the EPA1 and EPA5 channels. A summary of the coverage gains for the EPA1 and EPA5 channel is presented in Table 4. 

Table 4: Coverage gains for PUSCH with increased packet delay.

	
	Repetitions
	Packet size

	
	
	256
	456
	648
	848

	EPA1
	1
	0,0
	0,0
	0,0
	0,0

	
	2
	0,1
	0,1
	0,1
	0,1

	
	4
	0,1
	0,2
	0,3
	0,3

	
	8
	1,2
	1,0
	1,2
	1,1

	
	16
	0,7
	0,9
	1,2
	1,2

	
	32
	1,3
	1,5
	1,2
	1,4

	EPA5
	1
	0,5
	0,6
	0,6
	0,8

	
	2
	1,1
	1,2
	1,2
	1,1

	
	4
	1,1
	1,1
	1,1
	1,1

	
	8
	0,9
	0,9
	0,9
	0,9

	
	16
	0,4
	0,3
	0,6
	0,4

	
	32
	-0,2
	0,2
	0,1
	0,0


From the table it can be concluded that a gain of up to 1.5 dB may be obtained by increasing the packet delay for the channels being simulated. 
Since 8 HARQ processes result in a very long maximum packet delay, the case with 4 HARQ processes is being used in the following analysis of the coverage.
Observation 2 For the EPA5 channel a coverage gain for PUSCH of about 1dB may be achieved by extending the packet delay within a range that still would lead to an end-to-end delay which may considered to be within the tolerable limit from ITU-T G.114 [5]. 
3.3 Coverage

The number of repetitions that may be used for the PDSCH and PUSCH for the respective packet sizes are limited by the inter-packet transmission interval from Table 1. 

In order to leave room for time multiplexing of MPDCCH and PDSCH, it is considered that a maximum of 8 repetitions may be used for PDSCH for the 20 ms inter-packet transmission interval (256 bits), 16 repetitions for the 40 ms packet interval (416 and 456 bits), and 32 repetitions may be used only for the case of 60 ms and 80 ms packet interval (568, 648, 720 and 848 bits). 

For PUSCH it is concluded that up to 16 repetitions may be used for 20 ms inter-packet transmission interval and 32 repetitions may be used for packet interval greater than 20ms.

A summary of the coverage limit and number of repetitions for PDSCH, PUSCH, MPDCCH, and PUCCH for AWGN, EPA1, and EPA5 channel models, respectively, are presented in Table 5, Table 6, and Table 7.

Note that depending on the scheduling, the PUCCH and PUSCH may conflict, leading to a puncturing of PUSCH with up to a factor 0.25 for the EPA1 and EP5 channels.

Table 5: Coverage limits and number of repetitions for the respective channels for AWGN for different packet sizes and packet inter arrival time.

	AWGN
	256, 20ms
	456, 40ms
	648, 60ms
	848, 80ms

	PDSCH
	153 (1R)
	153 (2R)
	153 (4R)
	154 (4R)

	PUSCH
	152 (16R)
	153 (32R)
	152 (32R)
	152 (32R)

	MPDCCH
	153 (4R)
	153 (4R)
	153 (4R)
	153 (4R)

	PUCCH
	152 (2R)
	152 (2R)
	152 (2R)
	152 (2R)


Table 6: Coverage limits and number of repetitions for the respective channels for EPA1 for different packet sizes and packet inter arrival time.

	EPA1
	256, 20ms
	456, 40ms
	648, 60ms
	848, 80ms

	PDSCH
	154 (8R)
	152 (8R)
	155 (32R)
	154 (32R)

	PUSCH
	147 (16R)
	148 (32R)
	148 (32R)
	147 (32R)

	MPDCCH
	147 (8R)
	149 (16R)
	149 (16R)
	149 (16R)

	PUCCH
	145 (4R)
	147 (8R)
	147 (8R)
	147 (8R)


Table 7: Coverage limits and number of repetitions for the respective channels for EPA5 for different packet sizes and packet inter arrival time.

	EPA5
	256, 20ms
	456, 40ms
	648, 60ms
	848, 80ms

	PDSCH
	153 (4R)
	155 (8R)
	154 (8R)
	153 (8R)

	PUSCH
	150 (16R)
	151 (32R)
	150 (32R)
	149 (32R)

	MPDCCH
	147 (8R)
	150 (16R)
	150 (16R)
	150 (16R)

	PUCCH
	145 (4R)
	148 (8R)
	148 (8R)
	148 (8R)


For comparison, for the case of no repetitions the coverage limit for the case of 20 ms packet interval and packet size of 256 bits are 144, 137, and 138 dB for the AWGN, EPA1, and EPA5 channels, respectively.

Based on the simulations and the discussions above, the following observations are made:

Observation 3 The eMTC framework may give significant improvements to the VoLTE coverage. 
Observation 4 The limiting channel is considered to be PUCCH.
Observation 5 Bundling of two frames gives a coverage improvement of about 2 dB compared to the case of no frame bundling.
4 Half duplex FDD, single receive antenna UE

A speech call may be divided into “talk” and “listen” periods of the respective ends of the conversation. During “talk time”, the speech codec produces one speech frame every 20ms and in the “silence” during the “listen time” the speech codec may produce Silence Insertion Description (SID) frames every 160ms. This may be taken into account when evaluating the capacity of a system, but for evaluating the coverage it is proposed to consider the situation in a speech call with simultaneous speech frame production rate of 20ms from both ends of the conversation. This may be motivated by that the production of the SID frames by the speech codec may be dependent on the characteristics of the background sound but perhaps more importantly by that the ability to interact and interrupt in a conversation is a one important aspect of a full duplex experience. Hence, the full duplex (two-way) conversation situation is assumed in the following analysis.

Proposal 2 Full duplex (two-way) speech communication shall is assumed when evaluating the coverage for half duplex UEs.
Table 8 and Table 14 displays the coverage limit for an initial BLER of 1% for PDSCH and PUSCH, respectively. This may be seen as the coverage limit for the data channels if no retransmissions are applied but the robustness is only achieved via the repetitions. For this case the, coverage limit for the EPA1 and EPA 5 channel is in the order of 137 to 138 dB for the data channels. From Table 21 it is seen that the coverage limit for MPDCCH is 142 dB for 2 repetitions, and from Table 23 it seen that the coverage limit for PUCCH is similarly 142 dB for 1 repetition. 

Thus, in order to improve the coverage, retransmissions are needed on the data channels.
The coverage limit for an initial BLER of 10% for PDSCH and PUSCH, respectively, is displayed in Table 9 and Table 15. From the tables it is seen that a coverage within the range 140 to 145 dB may be achieved at 10% initial BLER, and similarly Table 10 and Table 16 shows that the residual BLER after 6 transmissions is also within the range 140 to 145 dB.  

Observation 6 Retransmissions may improve the coverage for half duplex FDD single receive antenna UEs. 
The timing constraints for half duplex (HD) Cat-M1 channels (half duplex gap, forward scheduling, MPDCCH search space) will impact the coverage due to a limitation on the number of subframes within a speech frame bundling period that is available for transmission of the respective channels. 

In order to recover from retransmissions not all subframes can be used for initial the transmissions which puts a further constraint on the number of repetitions used. 

Observation 7 The coverage for half duplex UEs need to take the timing constraints of the respective channels into account and consider the case of retransmissions. 
5 Conclusion

We make the following observations:
Observation 1
The observed coverage benefit obtained by using application frame encapsulation rather than RAN packet aggregation is in the order of 0 to 0.7 dB.
Observation 2
For the EPA5 channel a coverage gain for PUSCH of about 1dB may be achieved by extending the packet delay within a range that still would lead to an end-to-end delay which may considered to be within the tolerable limit from ITU-T G.114 [5].
Observation 3
The eMTC framework may give significant improvements to the VoLTE coverage.
Observation 4
The limiting channel is considered to be PUCCH.
Observation 5
Bundling of two frames gives a coverage improvement of about 2 dB compared to the case of no frame bundling.
Observation 6
Retransmissions may improve the coverage for half duplex FDD single receive antenna UEs.
Observation 7
The coverage for half duplex UEs need to take the timing constraints of the respective channels into account and consider the case of retransmissions.


We have the following proposals:
Proposal 1
For the continued analysis of the coverage benefits of eMTC, only RAN packet aggregation is considered.
Proposal 2
Full duplex (two-way) speech communication shall is assumed when evaluating the coverage for half duplex UEs.


6 Appendix A: Coverage summary

In the following sections, the MCL for which the respective performance targets is presented. The performance targets are 

· 1 and 10 % for the initial BLER for PDSCH and PUSCH for evaluation of half duplex single antenna UEs
· 1 % for the residual BLER after the maximum 6 transmissions for PDSCH and PUSCH

· 1 % error rate for MPDCCH
· 1 % misdetection probability for PUCCH  

The initial BLER targets are only used in the analysis of half duplex UEs in Section 4 whereas the residual BLER target is used for analysis of both full duplex and half duplex UEs.

For the DL channels (PDSCH and MPDCCH) the results are presented for both single and dual antenna UEs (denoted 1RX and 2RX in the following).
6.1.1 PDSCH 1 RX UE
Table 8: MCL [dB] for PDSCH initial BLER of 1% for 1 RX UE.

	PDSCH 1RX
	Repetitions
	Packet size

	
	
	256
	416
	456
	568
	648
	720
	848

	AWGN
	1
	144,5
	142,5
	142,2
	141,5
	140,5
	139,9
	139,2

	
	2
	147,5
	145,5
	145,5
	144,5
	143,6
	143,5
	142,5

	
	4
	150,5
	148,5
	148,4
	147,5
	146,6
	146,5
	145,5

	
	8
	152,7
	151,5
	150,7
	150,5
	149,5
	149,5
	148,5

	
	16
	
	153,9
	153,5
	152,7
	152,5
	152,2
	151,5

	
	32
	
	
	
	
	155,2
	154,5
	154,5

	EPA1
	1
	135,5
	135,5
	135,5
	135,5
	135,5
	135,5
	135,5

	
	2
	135,5
	135,5
	135,5
	135,5
	135,5
	135,5
	135,5

	
	4
	136,2
	135,5
	135,5
	135,5
	135,5
	135,5
	135,5

	
	8
	137,4
	135,9
	135,5
	135,5
	135,5
	135,5
	135,5

	
	16
	138,9
	137,5
	137,2
	136,3
	135,8
	135,6
	135,5

	
	32
	141,4
	139,9
	139,5
	138,9
	138,4
	138,0
	137,4

	EPA5
	1
	135,5
	135,5
	135,5
	135,5
	135,5
	135,5
	135,5

	
	2
	135,5
	135,5
	135,5
	135,5
	135,5
	135,5
	135,5

	
	4
	135,5
	135,5
	135,5
	135,5
	135,5
	135,5
	135,5

	
	8
	136,2
	135,5
	135,5
	135,5
	135,5
	135,5
	135,5

	
	16
	139,8
	138,2
	137,8
	137,1
	136,6
	136,1
	135,5

	
	32
	144,0
	142,5
	142,1
	141,6
	140,8
	140,7
	139,9


Table 9: MCL [dB] for PDSCH initial BLER of 10% for 1 RX UE.
	PDSCH 1RX
	Repetitions
	Packet size

	
	
	256
	416
	456
	568
	648
	720
	848

	AWGN
	1
	144,9
	142,9
	142,6
	141,7
	141,0
	140,6
	139,6

	
	2
	147,8
	145,9
	145,6
	144,7
	144,5
	143,6
	143,0

	
	4
	150,7
	148,8
	148,6
	147,6
	147,5
	146,6
	146,1

	
	8
	153,6
	151,7
	151,5
	150,6
	150,0
	149,6
	148,8

	
	16
	
	154,6
	154,0
	153,5
	152,7
	152,6
	151,6

	
	32
	
	
	
	
	
	155,0
	154,6

	EPA1
	1
	140,1
	138,1
	137,7
	136,7
	135,9
	135,5
	135,5

	
	2
	143,0
	141,1
	140,7
	139,9
	139,2
	138,7
	138,1

	
	4
	145,9
	144,1
	143,6
	142,8
	142,3
	141,8
	141,1

	
	8
	148,4
	146,7
	146,4
	145,6
	145,0
	144,6
	143,9

	
	16
	150,1
	148,6
	148,3
	147,5
	147,0
	146,6
	146,0

	
	32
	150,3
	149,0
	148,6
	148,0
	147,4
	147,2
	146,5

	EPA5
	1
	139,5
	137,5
	137,1
	136,1
	135,5
	135,5
	135,5

	
	2
	142,3
	140,4
	139,9
	139,0
	138,4
	137,9
	137,2

	
	4
	144,2
	142,4
	142,0
	141,1
	140,6
	140,1
	139,4

	
	8
	144,8
	143,1
	142,7
	141,9
	141,4
	141,0
	140,4

	
	16
	146,8
	145,3
	144,9
	144,2
	143,7
	143,3
	142,7

	
	32
	149,8
	148,5
	148,1
	147,4
	147,0
	146,6
	146,0


Table 10: MCL [dB] for PDSCH residual BLER of 1% after max 6 transmissions for 1 RX UE.
	PDSCH 1RX
	Repetitions
	Packet size

	
	
	256
	416
	456
	568
	648
	720
	848

	AWGN
	1
	151,6
	150,5
	149,6
	148,9
	148,5
	148,2
	147,5

	
	2
	154,5
	152,7
	152,5
	151,6
	151,5
	150,7
	150,5

	
	4
	
	
	
	154,5
	153,9
	153,5
	153,1

	
	8
	
	
	
	
	
	
	

	
	16
	
	
	
	
	
	
	

	
	32
	
	
	
	
	
	
	

	EPA1
	1
	141,1
	139,3
	138,9
	138,1
	137,5
	137,1
	136,4

	
	2
	143,6
	142,0
	141,6
	140,8
	140,3
	139,9
	139,4

	
	4
	146,0
	144,6
	144,2
	143,6
	143,0
	142,8
	142,1

	
	8
	149,4
	148,0
	147,8
	147,2
	146,7
	146,5
	145,8

	
	16
	152,8
	151,6
	151,4
	150,7
	150,5
	150,1
	149,6

	
	32
	
	154,7
	154,7
	153,9
	153,6
	153,5
	152,9

	EPA5
	1
	140,5
	138,7
	138,3
	137,5
	136,9
	136,6
	135,8

	
	2
	144,5
	142,9
	142,6
	141,7
	141,3
	140,8
	140,2

	
	4
	148,5
	147,0
	146,7
	145,9
	145,5
	145,1
	144,5

	
	8
	151,9
	150,6
	150,3
	149,7
	149,3
	148,9
	148,5

	
	16
	155,2
	154,0
	153,7
	153,4
	152,8
	152,4
	151,9

	
	32
	
	
	
	
	
	154,9
	154,7


6.1.2 PDSCH 2RX UE

Table 11: MCL [dB] for PDSCH initial BLER of 10% for 2 RX UE.
	PDSCH 2RX
	Repetitions
	Packet size

	
	
	256
	416
	456
	568
	648
	720
	848

	AWGN
	1
	147,6
	145,6
	145,5
	144,6
	143,6
	143,0
	142,0

	
	2
	150,5
	148,6
	148,3
	147,5
	146,7
	146,5
	145,6

	
	4
	152,7
	151,5
	150,7
	150,2
	149,6
	149,5
	148,6

	
	8
	155,2
	153,7
	153,5
	152,6
	152,5
	151,7
	151,5

	
	16
	
	
	
	155,0
	154,6
	154,5
	153,6

	
	32
	
	
	
	
	
	
	

	EPA1
	1
	144,5
	142,6
	142,2
	141,2
	140,5
	139,8
	138,7

	
	2
	147,3
	145,5
	145,1
	144,3
	143,7
	143,2
	142,6

	
	4
	149,9
	148,3
	147,9
	147,1
	146,6
	146,2
	145,5

	
	8
	152,3
	150,8
	150,4
	149,7
	149,2
	148,8
	148,2

	
	16
	154,3
	152,9
	152,5
	151,9
	151,4
	151,1
	150,5

	
	32
	
	154,2
	153,9
	153,3
	152,9
	152,6
	152,1

	EPA5
	1
	144,4
	142,5
	142,0
	141,1
	140,4
	139,6
	138,6

	
	2
	147,1
	145,3
	144,9
	144,1
	143,5
	143,0
	142,4

	
	4
	149,5
	147,8
	147,4
	146,6
	146,1
	145,7
	145,0

	
	8
	150,8
	149,3
	148,9
	148,2
	147,7
	147,4
	146,7

	
	16
	152,6
	151,1
	150,8
	150,1
	149,7
	149,3
	148,8

	
	32
	154,9
	153,6
	153,4
	152,7
	152,3
	151,9
	151,5


Table 12: MCL [dB] for PDSCH residual BLER of 1% after max 6 transmissions for 2 RX UE.
	PDSCH 2RX
	Repetitions
	Packet size

	
	
	256
	416
	456
	568
	648
	720
	848

	AWGN
	1
	153,6
	152,5
	151,8
	151,5
	150,6
	150,5
	149,6

	
	2
	
	154,5
	154,5
	153,5
	153,5
	152,8
	152,5

	
	4
	
	
	
	
	
	
	154,6

	EPA1
	1
	147,5
	145,9
	145,5
	144,7
	144,2
	143,7
	143,0

	
	2
	149,9
	148,4
	148,0
	147,3
	146,8
	146,5
	145,9

	
	4
	152,1
	150,7
	150,5
	149,9
	149,4
	149,0
	148,6

	
	8
	154,6
	153,1
	152,9
	152,3
	151,9
	151,6
	151,1

	
	16
	
	
	
	155,3
	155,1
	154,7
	154,4

	EPA5
	1
	147,3
	145,6
	145,3
	144,5
	143,9
	143,5
	142,8

	
	2
	150,2
	148,7
	148,5
	147,7
	147,3
	146,9
	146,3

	
	4
	153,6
	152,3
	151,9
	151,4
	150,8
	150,5
	149,9

	
	8
	
	
	155,2
	154,5
	154,2
	153,8
	153,5


Table 13: PDSCH coverage gains using application frame encapsulation compared to RAN packet aggregation.
	PUSCH
	Repetitions
	Packet size

	
	
	416 vs 456
	568 vs 648
	720 vs 848

	AWGN
	1
	0,7
	0,9
	0,9

	
	2
	0,0
	0,1
	0,3

	
	4
	
	
	

	
	8
	
	
	

	
	16
	
	
	

	
	32
	
	
	

	EPA1
	1
	0,3
	0,5
	0,7

	
	2
	0,4
	0,5
	0,7

	
	4
	0,3
	0,5
	0,4

	
	8
	0,2
	0,4
	0,5

	
	16
	
	0,2
	0,3

	
	32
	
	
	

	EPA5
	1
	0,3
	0,6
	0,7

	
	2
	0,3
	0,4
	0,6

	
	4
	0,4
	0,6
	0,6

	
	8
	
	0,3
	0,3

	
	16
	
	
	

	
	32
	
	
	


6.1.3 PUSCH
Table 14: MCL [dB] for PUSCH initial BLER of 1%.

	PUSCH
	Repetitions
	Packet size

	
	
	256
	416
	456
	568
	648
	720
	848

	AWGN
	1
	137,7
	135,1
	134,7
	132,8
	132,7
	132,7
	134,7

	
	2
	140,5
	138,7
	138,3
	137,7
	136,7
	136,4
	135,6

	
	4
	142,9
	141,7
	141,0
	140,7
	139,8
	139,8
	138,7

	
	8
	145,7
	143,9
	143,7
	142,9
	142,7
	142,1
	141,7

	
	16
	147,8
	146,7
	146,7
	145,7
	145,1
	144,7
	144,4

	
	32
	149,9
	148,7
	148,7
	147,8
	147,7
	147,6
	146,7

	EPA1
	1
	133,0
	133,0
	133,0
	133,0
	133,0
	133,0
	133,0

	
	2
	133,0
	133,0
	133,0
	133,0
	133,0
	133,0
	133,0

	
	4
	134,7
	133,0
	133,0
	133,0
	133,0
	133,0
	133,0

	
	8
	137,3
	135,5
	135,2
	134,5
	134,0
	133,4
	133,0

	
	16
	139,2
	137,7
	137,4
	136,8
	136,2
	135,9
	135,3

	
	32
	140,6
	139,5
	139,1
	138,4
	138,1
	137,6
	137,0

	EPA5
	1
	132,6
	132,6
	132,6
	132,6
	132,6
	132,6
	132,6

	
	2
	132,6
	132,6
	132,6
	132,6
	132,6
	132,6
	132,6

	
	4
	134,0
	132,6
	132,6
	132,6
	132,6
	132,6
	132,6

	
	8
	136,1
	134,4
	134,1
	133,4
	132,8
	132,6
	132,6

	
	16
	138,6
	137,1
	136,9
	136,2
	135,6
	135,3
	134,7

	
	32
	141,8
	140,3
	140,1
	139,6
	139,0
	138,8
	138,0


Table 15: MCL [dB] for PUSCH initial BLER of 10%.

	PUSCH
	Repetitions
	Packet size

	
	
	256
	416
	456
	568
	648
	720
	848

	AWGN
	1
	138,1
	135,8
	135,0
	133,7
	132,7
	132,7
	134,8

	
	2
	140,9
	139,0
	138,8
	137,9
	137,3
	136,8
	135,8

	
	4
	143,8
	141,9
	141,8
	140,8
	140,3
	139,9
	139,1

	
	8
	146,1
	144,8
	144,3
	143,7
	142,9
	142,8
	141,9

	
	16
	148,7
	147,0
	146,8
	146,0
	145,8
	145,2
	144,8

	
	32
	150,8
	149,4
	149,0
	150,8
	147,9
	147,8
	147,0

	EPA1
	1
	134,9
	133,0
	133,0
	133,0
	133,0
	133,0
	133,0

	
	2
	137,7
	135,8
	135,5
	134,7
	134,0
	133,3
	133,0

	
	4
	140,5
	138,7
	138,3
	137,5
	137,0
	136,5
	135,9

	
	8
	143,1
	141,3
	141,1
	140,3
	139,7
	139,3
	138,6

	
	16
	145,3
	143,7
	143,4
	142,7
	142,1
	141,8
	141,1

	
	32
	146,6
	145,2
	144,8
	144,3
	143,7
	143,4
	142,8

	EPA5
	1
	135,1
	132,6
	132,6
	132,6
	132,6
	132,6
	132,6

	
	2
	137,9
	136,0
	135,6
	134,8
	134,1
	133,5
	132,6

	
	4
	140,4
	138,6
	138,2
	137,4
	136,8
	136,4
	135,7

	
	8
	142,0
	140,3
	140,0
	139,3
	138,6
	138,3
	137,6

	
	16
	143,9
	142,4
	142,1
	141,3
	140,8
	140,5
	139,8

	
	32
	146,2
	144,8
	144,5
	143,9
	143,4
	143,1
	142,5


Table 16: MCL [dB] for PUSCH residual BLER of 1% after max 6 transmissions with round-robin scheduling on 4 HARQ processes.
	PUSCH
	Repetitions
	Packet size

	
	
	256
	416
	456
	568
	648
	720
	848

	AWGN
	1
	144,7
	142,8
	142,7
	141,8
	141,7
	140,8
	140,7

	
	2
	146,9
	145,7
	145,7
	144,7
	144,0
	143,7
	143,1

	
	4
	149,2
	147,8
	147,7
	146,9
	146,7
	146,4
	145,7

	
	8
	151,4
	149,9
	149,8
	149,7
	148,7
	148,7
	147,9

	
	16
	152,8
	151,8
	151,7
	151,7
	150,8
	150,7
	150,6

	
	32
	154,7
	153,7
	153,7
	152,9
	152,7
	152,7
	152,0

	EPA1
	1
	137,7
	135,9
	135,5
	134,5
	133,9
	133,3
	133,0

	
	2
	140,2
	138,6
	138,3
	137,6
	137,0
	136,5
	135,9

	
	4
	142,6
	141,1
	140,8
	140,1
	139,6
	139,2
	138,7

	
	8
	144,8
	143,6
	143,3
	142,7
	142,1
	141,8
	141,3

	
	16
	147,7
	146,5
	146,3
	145,8
	145,2
	145,1
	144,5

	
	32
	150,2
	149,1
	148,8
	148,4
	148,1
	147,8
	147,3

	EPA5
	1
	138,3
	136,4
	136,0
	135,1
	134,5
	133,8
	132,8

	
	2
	141,3
	139,7
	139,3
	138,5
	138,0
	137,6
	136,9

	
	4
	144,6
	143,1
	142,8
	142,1
	141,7
	141,3
	140,7

	
	8
	147,7
	146,4
	146,0
	145,6
	145,0
	144,8
	144,2

	
	16
	150,3
	149,3
	149,0
	148,5
	147,9
	147,7
	147,2

	
	32
	152,6
	151,6
	151,1
	150,7
	150,2
	150,0
	149,7


Table 17: MCL [dB] for PUSCH residual BLER of 1% after max 6 transmissions with round-robin scheduling on 8 HARQ processes.
	PUSCH
	Repetitions
	Packet size

	
	
	256
	416
	456
	568
	648
	720
	848

	AWGN
	1
	144,7
	142,8
	142,7
	141,8
	141,7
	140,8
	140,7

	
	2
	146,9
	145,7
	145,6
	144,7
	143,9
	143,7
	143,1

	
	4
	149,4
	147,8
	147,7
	146,9
	146,7
	146,6
	145,7

	
	8
	151,4
	149,9
	149,8
	149,7
	148,7
	148,7
	147,9

	
	16
	152,8
	151,8
	151,7
	151,7
	150,8
	150,7
	150,4

	
	32
	154,7
	153,7
	153,7
	152,9
	152,7
	152,7
	151,9

	EPA1
	1
	137,7
	135,9
	135,5
	134,6
	133,9
	133,4
	133,0

	
	2
	140,3
	138,7
	138,3
	137,6
	137,1
	136,6
	136,0

	
	4
	142,7
	141,3
	141,1
	140,5
	139,9
	139,6
	139,0

	
	8
	146,0
	144,5
	144,3
	143,7
	143,2
	142,9
	142,3

	
	16
	148,4
	147,5
	147,2
	146,6
	146,4
	146,1
	145,6

	
	32
	151,4
	150,4
	150,3
	149,9
	149,4
	149,3
	148,7

	EPA5
	1
	138,8
	136,9
	136,6
	135,7
	135,0
	134,5
	133,6

	
	2
	142,4
	140,7
	140,5
	139,7
	139,1
	138,7
	138,0

	
	4
	145,7
	144,2
	143,9
	143,3
	142,8
	142,4
	141,8

	
	8
	148,6
	147,2
	146,9
	146,6
	145,9
	145,7
	145,1

	
	16
	150,7
	149,6
	149,3
	148,8
	148,6
	148,0
	147,7

	
	32
	152,4
	151,5
	151,3
	150,7
	150,3
	150,1
	149,7


Table 18: PUSCH coverage gain of using round-robin scheduling on compared to 4 HARQ processes.

	PUSCH
	Repetitions
	Packet size

	
	
	256
	416
	456
	568
	648
	720
	848

	AWGN
	1
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0

	
	2
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0

	
	4
	0,1
	0,0
	0,0
	0,0
	0,0
	0,2
	0,0

	
	8
	-0,1
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0

	
	16
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	-0,1

	
	32
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0

	EPA1
	1
	0,0
	0,0
	0,0
	0,1
	0,0
	0,1
	0,0

	
	2
	0,1
	0,1
	0,1
	0,0
	0,1
	0,1
	0,1

	
	4
	0,1
	0,2
	0,2
	0,3
	0,3
	0,4
	0,3

	
	8
	1,2
	1,0
	1,0
	1,0
	1,2
	1,1
	1,1

	
	16
	0,7
	1,0
	0,9
	0,8
	1,2
	0,9
	1,2

	
	32
	1,3
	1,3
	1,5
	1,5
	1,2
	1,5
	1,4

	EPA5
	1
	0,5
	0,5
	0,6
	0,6
	0,6
	0,7
	0,8

	
	2
	1,1
	1,0
	1,2
	1,2
	1,2
	1,1
	1,1

	
	4
	1,1
	1,1
	1,1
	1,2
	1,1
	1,1
	1,1

	
	8
	0,9
	0,8
	0,9
	0,9
	0,9
	0,9
	0,9

	
	16
	0,4
	0,3
	0,3
	0,3
	0,6
	0,3
	0,4

	
	32
	-0,2
	-0,1
	0,2
	0,0
	0,1
	0,1
	0,0


Table 19: PUSCH coverage gains using application frame encapsulation compared to RAN packet aggregation, 4 HARQ processes.

	PUSCH
	Repetitions
	Packet size

	
	
	416 vs 456
	568 vs 648
	720 vs 848

	AWGN
	1
	0,1
	0,1
	0,1

	
	2
	0,1
	0,7
	0,6

	
	4
	0,1
	0,2
	0,7

	
	8
	0,2
	0,9
	0,8

	
	16
	0,1
	0,9
	0,1

	
	32
	0,0
	0,2
	0,7

	EPA1
	1
	0,4
	0,7
	0,3

	
	2
	0,4
	0,5
	0,6

	
	4
	0,3
	0,5
	0,5

	
	8
	0,2
	0,6
	0,5

	
	16
	0,1
	0,5
	0,7

	
	32
	0,3
	0,2
	0,5

	EPA5
	1
	0,3
	0,7
	1,0

	
	2
	0,4
	0,5
	0,7

	
	4
	0,3
	0,5
	0,6

	
	8
	0,4
	0,7
	0,6

	
	16
	0,3
	0,6
	0,5

	
	32
	0,4
	0,5
	0,3


Table 20: PUSCH coverage gains using application frame encapsulation compared to RAN packet aggregation, 8 HARQ processes.

	PUSCH
	Repetitions
	Packet size

	
	
	416 vs 456
	568 vs 648
	720 vs 848

	AWGN
	1
	0,1
	0,1
	0,1

	
	2
	0,1
	0,8
	0,6

	
	4
	0,1
	0,2
	0,9

	
	8
	0,2
	0,9
	0,8

	
	16
	0,1
	0,9
	0,3

	
	32
	0,0
	0,1
	0,7

	EPA1
	1
	0,4
	0,7
	0,4

	
	2
	0,4
	0,5
	0,6

	
	4
	0,2
	0,6
	0,6

	
	8
	0,2
	0,4
	0,6

	
	16
	0,2
	0,2
	0,5

	
	32
	0,1
	0,5
	0,5

	EPA5
	1
	0,3
	0,7
	0,9

	
	2
	0,3
	0,5
	0,7

	
	4
	0,3
	0,6
	0,6

	
	8
	0,3
	0,7
	0,6

	
	16
	0,3
	0,2
	0,4

	
	32
	0,2
	0,4
	0,4


6.1.4 MPDCCH

Table 21: MCL [dB] for MPDCCH (DCI 6-1A 29 bits) 1% loss rate for 1RX UE

	MPDCCH 1RX
	Channel

	Repetitions
	AWGN
	EPA1
	EPA5

	1
	148,5
	139,9
	140,4

	2
	150,7
	142,3
	142,7

	4
	153,4
	144,7
	145,2

	8
	155,8
	147,1
	147,8

	16
	158,5
	149,4
	150,5


Table 22: MCL [dB] for MPDCCH (DCI 6-1A 29 bits) 1% loss rate for 2RX UE

	MPDCCH 2RX
	Channel

	Repetitions
	AWGN
	EPA1
	EPA5

	1
	150,6
	146,6
	145,9

	2
	152,8
	148,9
	148,1

	4
	155,4
	151,3
	150,5

	8
	157,8
	153,8
	153,0

	16
	
	156,3
	155,6


6.1.5 PUCCH

Table 23: MCL [dB] for PUCCH 1% misdetection probability.

	PUCCH
	Channel

	Repetitions
	AWGN
	EPA1
	EPA5

	1
	150,5
	141,6
	142,3

	2
	152,6
	143,4
	144,2

	4
	154,4
	145,0
	145,8

	8
	156,3
	147,3
	148,4
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