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1. Introduction
At the previous RAN1 meetings, UL control channel for NR were discussed and following agreements were made [1]:
	Agreements at RAN1#86bis:
· For UL control channel in short duration,
· 1 symbol duration of a slot is supported.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]FFS: a few symbol duration of a slot is supported.
· Mechanism enabling frequency-diversity is supported.
Agreements at RAN1#86bis:
· Study at least the following operations to be supported in NR, from a single UE perspective
· Case 1: UL data and UCI are FDMed where the resource for UCI is not a part of the resource allocated for UL data 
· Case 2: UL data and UCI are TDMed where the resource for UCI is not a part of the resource allocated for UL data 
· Case 3: UL data and UCI are multiplexed where the resource for UCI is a part of the resource allocated for UL data
· FFS: how different types of UCI are handled
· Further study on other possibilities is not precluded
Agreements at RAN1#87:
· Support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping
· FFS: PUSCH in the short UL duration can be scheduled independently
Agreements at RAN1#87:
· In order to support TDM of short PUCCH from different UEs in the same slot, a mechanism to tell the UE in which symbol(s) in a slot to transmit the short PUCCH on is supported at least above 6 GHz (exact mechanism FFS)


In this contribution, we discuss the aspects related to UL control channel for NR (NR PUCCH) in short duration. The discussion about long PUCCH is in our companion paper [2].
2. NR-PUCCH structure in short duration
One-symbol and Split-symbols
As agreed at the last meeting, NR PUCCH in short duration with 1 symbol duration of a slot is supported. Basically, it can be realized by following manners, which are denominated with format A and format B as illustrated in Figure 1:
· Format A: One symbol with normal subcarrier spacing (i.e. f0=15 KHz)
· Format B: Split symbols with higher subcarrier spacing (i.e. 2nf0 where 2n is the number of split-symbol within one symbol)
Apparently, Format A is beneficial for larger UCI payload since lower RS overhead can be easily attained. However, RX processing cannot start until the whole one symbol duration is successfully received. On the contrary, since the DMRS locates in the front of UCI transmission in Format B and FFT period becomes shorter, short latency of processing the PUCCH could be achieved easier. Besides, due to the OFDM structure, Format A could easily be multiplexed with data while the coverage performance may be inferior to that with DFT-s-OFDM structure. By contrast, if coverage really matters, DFT-s-OFDM could be applied in Format B to improve the link quality in the price of multiplexing capability between UCI and data.
By considering the pros and cons of Format A and Format B, they could be fitted into different use cases. For example, specific format could be selected for certain UCI content. When UCI contains HARQ-ACK for DL data for which short RX processing time is critical, Format B is preferable. On the other hand, when payload size is large due to CSI feedback and latency requirement can relatively be loose, Format A could be capable to convey the information. 
Given that the selection between Format A and Format B is beneficial from system point of view to fit in different use cases, such as payload size, UCI types, coverage requirement and multiplexing capability between NR PUCCH and data, it is beneficial to support both of them in NR. In this case, how to make the switching/determination between Format A and B should also be discussed. Basically, both semi-static/dynamic could be considered to determine whether the PUCCH in short-duration is Format A or B. Besides,  if it is dynamic, both implicit and explicit manners could be considered. For example, L1 signaling for DL data scheduling is one of the straight forward ways of acknowledging UEs of the choice. Alternatively, predefined rule between eNB and UE could also be introduced for the implicit mapping between UCI contents and NR PUCCH formats. Additionally, the other issue about the configurability is the density of DMRS in the PUCCH region. As illustrated in Figure 1, RRC signaling or L1 signaling or the combination of them could be applied to indicate the density of DMRS for both of Format A and B.
[image: ]
Figure 1 One-symbol vs. Split-symbols
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 1:
· Two structures of short PUCCH for NR should be supported:
· Format A: One-symbol with normal subcarrier spacing (i.e. f0=15 KHz for below 6GHz, f0=[60] KHz for above 6GHz).
· Format B: Split-symbol with scaled value of normal subcarrier spacing, i.e. 2nf0  (n = [1, 2, 3]) kHz, etc., according to different usage scenarios.
· Discuss whether configurability is necessary for the choice of these 2 formats and the DMRS density.
PUCCH in short-duration with more than 1-symbol duration
As concluded at the last meeting, whether a few symbol duration of a slot could be supported for NR PUCCH in short duration is still an open issue. There are two cases to be considered: (1) PUCCH region has multiple symbols while one PUCCH in short-duration spans only 1-symbol duration, and (2) PUCCH region has multiple symbols and one PUCCH in short-duration spans more than 1-symbol duration. (1) was agreed for above 6GHz at the RAN1#87 meeting as referred in the introduction. (2) is beneficial to enhance coverage. One example of (2) with the 2-symbol PUCCH in short duration is given in Figure 2. In this format, the SCS of symbols of a PUCCH can be the same as PDSCH/PUSCH. One obvious benefit of this format is that it could lead to a common structure for NR PUCCH in short and long duration. The detailed explanation will be given in our companion contribution [2].
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Figure 2	PUCCH in short-duration with 2-symbol.
3. Dynamic resource sharing between control and data
The PUCCH in short-duration and uplink data for different UEs should be able to be TDMed/FDMed in orthogonal manner. Aside from FDMed manner as in LTE, for NR, if the PUCCH in short-duration is enabled in the long UL part, PUCCH and PUSCH needs to be TDMed in OFDM symbol-level. Therefore, UEs transmitting uplink data in the slot need to blank a set of resources to avoid collision with PUCCH in short-duration transmitted by other UEs. Need of blanking should be informed by gNB or implicitly known by the UE. The scheduling of PUSCH in the short-duration is conducted by using mini-slot scheduling procedure. The detailed description of UCI transmission in short duration is in our companion contribution [4].
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Figure 3	UCI + data on simultaneous PUCCH-PUSCH transmission.
Proposal 2:
· PUCCH and PUSCH could dynamically share the resource in FDMed and/or TDMed manner by eNB indication or implicit manner.
· The scheduling of PUSCH in the short-duration could be done by mini-slot scheduling.
4. Transient period
Since data and PUCCH could be dynamically switched in TDM manner as discussed in previous section, at around the boundary of data and PUCCH, transient period may need to be created. In order to guarantee PUCCH quality, transient period, if created, may be defined during PUSCH duration next to PUCCH in short-duration. Since the transmit signal for the transient period is “undefined”, the transmission during the transient period may impact on the received signal quality of TDMed PUSCH from the same or different UEs. The impact of transient period may be large, especially for higher order MCS/MIMO and higher SCS. For PUCCH in short-duration, one way of alleviating the negative impact of transient period is to introduce a gap between uplink data and PUCCH in short duration.
Proposal 3:
· RAN1 needs to investigate potential impact from transient period onto PUCCH or PUSCH performance.
5. Performance Evaluation
5.1. Evaluations on required SNR for achieving target performances 
In this sub-section, the required SNR performance for the two NR PUCCH formats in short duration, as mentioned in section 2, was evaluated by using link-level evaluation under the simulation parameters listed in Table 1. TBCC with 8-bit CRC is applied so that DTX-to-ACK and NACK-to-ACK performances can be sufficiently good without fine-tuning DTX threshold (assuming A-to-N error probability <= 1%, N-to-A error probability <= 0.1%, and D-to-A error probability <= 1%), which is quite similar to LTE PUCCH format 5 (PF5-like) as defined in Release 13. We consider small UCI payload size for both of the formats (4 bits), and the encoded UCI bits are rate-matched to fit with available REs per PUCCH. 
In order to evaluate the impact of ratio between UCI and DMRS, 3 DMRS densities were evaluated for Format A and B respectively, i.e. (2/12, 3/12, 6/12) and (1/2,1/4, 1/8). Correspondingly, SCS 15 KHz is assumed for all of the DMRS density values for Format A while 30/60/120 KHz are assumed for different DMRS density values individually. The equivalent bandwidth of Format B to the number of PRBs used for Format A is assumed as the X-axis. Antenna configuration of {1Tx, 2Rx (uncorrelated)} at 4GHz under EPA channel is assumed for both formats.
Table 1 Simulation parameters
	Parameter
	Value

	SCS
	15kHz for Format A; 30/60/120kHz for Format B

	No. of UCI bits
	4

	Antenna config.
	1 x 2

	CP overhead
	6.6%

	UE speed
	3km/h

	Channel est.
	Real

	Encoding
	TBCC

	CRC
	8-bit

	Waveform
	CP-OFDM


Figure 2 illustrates the required SNR for a given number of PRBs/BW with the 4 bits UCI payload size for Format A and B assuming different DMRS densities. Following observations could be achieved:
· For Format A, 3 different DMRS densities have similar required SNR for achieving the target performances. Lower DMRS density outperforms higher than DMRS density in smaller number of RBs while underperforms them in higher number of RBs. This is due to the reason that channel estimation performance is the dominant factor in larger number of RBs since the coding rate is low enough. Under such case, obviously denser DMRS is beneficial. On the contrary, coding rate matters more than DMRS REs in smaller number of RBs so that lower DMRS density(higher number of UCI REs) provides better performance.
· For Format B, DMRS density 1/2 obviously underperforms DMRS density 1/4 and 1/8 at all numbers of RBs. Comparing Format A and Format B, it is observed that Format B with DMRS density 1/4 and 1/8 are better than Format A in terms of required SNR at all number of RBs.
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Figure 3 Required SNR for One-symbol and Split-symbols
Observation 1:
· Optimal number of DMRS REs per RB is different depending on coding rate for both Format A and B.
· 4-split and 8-split symbol perform better than one-symbol structures at 4GHz with SCS 15 KHz.
5.2. Link budgets evaluation for different PUCCH formats
In section 5.1, the required SNR performance of PF5-like PUCCH with proposed formats in short duration was evaluated. Obviously, PF5-like structure could support high payload size of UCI bits. On the contrary, the structure with lower payload size such as LTE PUCCH format 1(PF1-like) could support better cell coverage, i.e. 0-bit CRC and repetition code. In this sub-section, we evaluate the proposed formats in short duration by utilizing both PF1-like and PF5-like structures to observe the supported cell coverage, based on link-level simulation with the parameters listed in Table A1. Both 4GHz and 28GHz are considered in the simulation. The required SNR (dB) is the SNR satisfying A-to-N error probability <= 1%, N-to-A error probability <= 0.1%, and D-to-A error probability <= 1%.
In the following tables, maximum coupling loss (dB) is firstly derived. Then, assuming a certain shadowing loss and margin, the possible communication distance is derived using the pathloss equation. Assuming worst case, non-line-of-sight (NLOS) pathloss is assumed for calculation.
In Table 2 and Table 3, PF1-like and PF5-like structures with corresponding payload sizes, i.e. 2bits and 16bits, were implemented and evaluated by fitting into Format A and B as proposed in section 2. Multiple values of DMRS density for Format A and B are also considered. According to the maximum distance values, following observations could be achieved:
· NR PUCCH in short duration with PF1-like structure (2-bit UCI payload) could support a cell coverage range from 200~300m at 4GHz and 200~350m at 28GHz.
· NR PUCCH in short duration with PF5-like structure (16-bit UCI payload) could support a cell coverage range from 100~150m at 4GHz and 100~200m at 28GHz.
· Higher number of PRBs does not provide benefit in expanding cell coverage, especially in low payload size.
Table 2	Link-budget analysis (UCI=2/16bits, for 1x2, 4GHz carrier frequency with SCS = 15KHz (Format A) or 30/60kHz (Format B) and EPA)
	
	4 PRB@15kHz
	32 PRB@15kHz

	Physical channel name
	Format A (6/12)
	Format A (3/12)
	Format B (1/2)
	Format B (1/4)
	Format A (6/12)
	Format A (3/12)
	Format B (1/2)
	Format B (1/4)

	UCI payload size
	2bits
	16bits
	2bits
	16bits
	2bits
	16bits
	2bits
	16bits
	2bits
	16bits
	2bits
	16bits

	No. of PRBs
	4
	2
	1
	32
	16
	8

	Subcarrier spacing (kHz)
	15
	30
	60
	15
	30
	60

	Max Tx power  (dBm)
	23
	23
	23
	23
	23
	23

	(1) Actual Tx power (dBm)
	23
	23
	23
	23
	23
	23

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	720000
	720000
	720000
	5760000
	5760000
	5760000

	(6) Effective noise power= (2) + (3) + (4) + 10 log((5))  (dBm)
	-110.4 
	-110.4 
	-110.4 
	-101.4 
	-101.4 
	-101.4 

	(7) Required SNR (dB)
	-0.2
	9.5
	-0.1
	12.5
	-0.3
	9.5
	-7.9
	0.5
	-8.3
	2.5
	-8.2
	0

	(8) Receiver sensitivity  = (6) + (7) (dBm)
	-110.6
	-100.9
	-110.5
	-97.9
	-110.7
	-100.9
	-109.3
	-100.9
	-109.7
	-98.9
	-109.6
	-101.4

	(9) MCL = (1) - (8) (dB)
	133.6
	123.9
	133.5
	120.9
	133.7
	123.9
	132.3
	123.9
	132.7
	121.9
	132.6
	124.4

	Shadow fading 4dB margin (UMi, NLoS, Hex)
	129.6
	119.9
	129.5
	116.9
	129.7
	119.9
	128.3
	119.9
	128.7
	117.9
	128.6
	120.4

	+ 3dB margin
	126.6
	116.9
	126.5
	113.9
	126.7
	116.9
	125.3
	116.9
	125.7
	114.9
	125.6
	117.4

	Max distance (m)
	254.0
	138.0
	252.0
	114.0
	255.0
	138.0
	233.0
	138.0
	239.0
	121.0
	238.0
	142.0

	+ 6dB margin
	123.6
	113.9
	123.5
	110.9
	123.7
	113.9
	122.3
	113.9
	122.7
	111.9
	122.6
	114.4

	Max distance (m)
	210.0
	114.0
	209.0
	94.0
	211.0
	114.0
	193.0
	114.0
	198.0
	100.0
	197.0
	118.0

	+ 9dB margin
	120.6
	110.9
	120.5
	107.9
	120.7
	110.9
	119.3
	110.9
	119.7
	108.9
	119.6
	111.4

	Max distance (m)
	174.0
	94.0
	173.0
	78.0
	175.0
	94.0
	160.0
	94.0
	164.0
	83.0
	163.0
	97.0



Table 3	Link-budget analysis (UCI=2/16bits, for 2x32, 28GHz carrier frequency with SCS = 60KHz (Format A, 2-Symbol) and 120kHz (Format B) and CDL-B)
	
	4 PRB@60kHz
	32 PRB@60kHz

	Physical channel name
	Format A (6/12)
	Format A (3/12)
	Format B (1/2)
	2-Symbol
(1/2)
	Format A (6/12)
	Format A (3/12)
	Format B (1/2)
	2-Symbol (1/2)

	UCI payload size
	2bits
	16bits
	2bits
	16bits
	2bits
	16bits
	2bits
	16bits
	2bits
	16bits
	2bits
	16bits

	No. of PRBs
	4
	2
	4
	32
	16
	32

	Subcarrier spacing (kHz)
	60
	120
	60
	60
	120
	60

	Max Tx power  (dBm)
	23
	23
	23
	23
	23
	23

	(1) Actual Tx power (dBm)
	23
	23
	23
	23
	23
	23

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	7
	7
	7
	7
	7
	7

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	2880000
	2880000
	2880000
	23040000
	23040000
	23040000

	(6) Effective noise power= (2) + (3) + (4) + 10 log((5))  (dBm)
	-102.4 
	-102.4 
	-102.4 
	-93.4 
	-93.4 
	-93.4 

	(7) Required SNR (dB)
	-25.7
	-19.1
	-26.0
	-15.8
	-27.8
	-18.8
	-27.8
	-25.5
	-29.7
	-22.7
	-29.7
	-24.5

	(8) Receiver sensitivity  = (6) + (7) (dBm)
	-128.1
	-121.5
	-128.4
	-118.2
	-130.2
	-121.2
	-130.2
	-118.9
	-123.1
	-116.1
	-123.1
	-117.9

	(9) MCL = (1) - (8) (dB)
	151.1
	144.5
	151.4
	141.2
	153.2
	144.2
	153.2
	141.9
	146.1
	139.1
	146.1
	140.9

	Shadow fading 4dB margin (UMi, NLoS, Hex)
	143.3
	136.7
	143.6
	133.4
	145.4
	136.4
	145.4
	134.1
	138.3
	131.3
	138.3
	133.1

	+ 3dB margin
	140.3
	133.7
	140.6
	130.4
	142.4
	133.4
	142.4
	131.1
	135.3
	128.3
	135.3
	130.1

	Max distance (m)
	292.0
	190.0
	298.0
	153.0
	335.0
	186.0
	335.0
	160.0
	210.0
	133.0
	210.0
	150.0

	+ 6dB margin
	137.3
	130.7
	137.6
	127.4
	139.4
	130.4
	139.4
	128.1
	132.3
	125.3
	132.3
	127.1

	Max distance (m)
	240.0
	156.0
	245.0
	126.0
	275.0
	153.0
	275.0
	131.0
	173.0
	109.0
	173.0
	123.0

	+ 9dB margin
	134.3
	127.7
	134.6
	124.4
	136.4
	127.4
	136.4
	125.1
	129.3
	122.3
	129.3
	124.1

	Max distance (m)
	197.0
	128.0
	201.0
	103.0
	226.0
	126.0
	226.0
	108.0
	142.0
	90.0
	142.0
	101.0


Observation 2:
· NR PUCCH in short duration with PF1-like structure (2-bit UCI payload) could support a cell coverage range from 200~300m at 4GHz and 200~350m at 28GHz.
· NR PUCCH in short duration with PF5-like structure (16-bit UCI payload) could support a cell coverage range from 100~150m at 4GHz and 100~200m at 28GHz.
· Higher number of PRBs does not provide benefit in expanding cell coverage, especially in low payload size.
5.3. Link budgets evaluation for different UCI payload sizes
In this sub-section, possible communication distance of PUCCH in short duration under different UCI payload sizes, in particular 1-symbol duration, is analyzed, based on the updated link-level simulation results from [3]. Both 4GHz and 28GHz are considered for the link-budget analysis. We assumed following five different PUCCH structures and the target SNR is obtained by the link-level simulations with the parameters listed in Table A1.
I. UCI 16 bits with 32 PRBs
II. UCI 64 bits with 32 PRBs
III. UCI 8 bits with 16 PRBs
IV. UCI 32 bits with 16 PRBs
V. UCI 8 bits with 8 PRBs
From the analysis, it can be observed that PUCCH having 1-symbol duration with above I~V cases can be used for a small cell of up to 70~140m at 4GHz and 70~170m at 28GHz. Note that for the link-level evaluation in this contribution, PUCCH structure (e.g., RS design, coding scheme, etc) is not optimized well. Further optimization should be targeted for NR to support better coverage.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Table 4	Link-budget analysis (for 1x2, 4GHz carrier frequency with  SCS = 15kHz and EPA)
	
	Case I
	Case II
	Case III
	Case IV
	Case V

	Tx power (dBm)
	23.0

	Thermal noise density (dBm/Hz)
	-174.0

	Receiver noise figure (dB)
	5.0

	Interference margin (dB)
	0.0

	Occupied channel BW (Hz)
	32*18000
	32*18000
	16*18000
	16*18000
	8*18000

	Effective noise power (dBm)
	-101.4
	-101.4
	-104.4
	-104.4
	-107.4

	Required SNR (dB)
	0.0
	3.5
	3.0
	5.5
	6.0

	Receiver sensitivity (dBm)
	-98.4
	-94.9
	-98.4
	-95.9
	-98.4

	MCL (dB)
	121.4
	117.9
	121.4
	118.9
	121.4

	shadow fading std deviation (dB)
	4

	Max distance (m)   (3 dB margin)
	142
	114
	142
	121
	142

	Max distance (m)   (6 dB margin)
	118
	94
	118
	100
	118

	Max distance (m)   (9 dB margin)
	97
	78
	97
	83
	97



Table 5	Link-budget analysis (for 2x32, 28GHz carrier frequency with SCS = 120kHz and CDL-B)
	
	Case I
	Case II
	Case III
	Case IV
	Case V

	Tx power (dBm)
	23.0

	Thermal noise density (dBm/Hz)
	-174.0

	Receiver noise figure (dB)
	7.0

	Interference margin (dB)
	0.0

	Occupied channel BW (Hz)
	32*1440000
	32*1440000
	16*1440000
	16*1440000
	8*1440000

	Effective noise power (dBm)
	-90.4
	-90.4
	-93.4
	-93.4
	-96.4

	Required SNR (dB)
	-25.0
	-23.4
	-25.0
	-23.0
	-23.5

	Receiver sensitivity (dBm)
	-100.4
	-98.8
	-103.4
	-101.4
	-104.9

	MCL (dB)
	123.4
	121.8
	126.4
	124.4
	127.9

	shadow fading std deviation (dB)
	7.82

	Max distance (m)   (3 dB margin)
	127
	114
	155
	136
	171

	Max distance (m)   (6 dB margin)
	104
	94
	127
	111
	140

	Max distance (m)   (9 dB margin)
	86
	77
	104
	92
	115


Observation 3:
· PUCCH having 1-symbol duration with above I~V cases can be used for a small cell of up to less than 70~140m at 4GHz and 70~170m at 28GHz.
· Dynamic TDD using PUCCH in short-duration works well in small cell scenarios
6. Conclusion
In this contribution we discussed UL control channel for NR (NR PUCCH) in short period and proposed the following:
Proposal 1:
· Two structures of short PUCCH for NR should be supported:
· Format A: One-symbol with normal subcarrier spacing (i.e. f0=15 KHz for below 6GHz, f0=[60] KHz for above 6GHz).
· Format B: Split-symbol with scaled value of normal subcarrier spacing, i.e. 2nf0  (n = [1, 2, 3]) kHz, etc., according to different usage scenarios.
· Discuss whether configurability is necessary for the choice of these 2 formats and the DMRS density.
Proposal 2:
· PUCCH and PUSCH could dynamically share the resource in FDMed and/or TDMed manner by eNB indication or implicit manner.
· The scheduling of PUSCH in the short-duration could be done by mini-slot scheduling.
Proposal 3:
· RAN1 needs to investigate potential impact from transient period onto PUCCH or PUSCH performance.
Observation 1:
· Optimal number of DMRS REs per RB is different depending on coding rate for both Format A and B.
· 4-split and 8-split symbol perform better than one-symbol structures at 4GHz with SCS 15 KHz.
Observation 2:
· NR PUCCH in short duration with PF1-like structure (2-bit UCI payload) could support a cell coverage range from 200~300m at 4GHz and 200~350m at 28GHz.
· NR PUCCH in short duration with PF5-like structure (16-bit UCI payload) could support a cell coverage range from 100~150m at 4GHz and 100~200m at 28GHz.
· Higher number of PRBs does not provide benefit in expanding cell coverage, especially in low payload size.
Observation 3:
· PUCCH having 1-symbol duration with above I~V cases can be used for a small cell of up to less than 70~140m at 4GHz and 70~170m at 28GHz.
· Dynamic TDD using PUCCH in short-duration works well in small cell scenarios
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Appendix
Table A1	Simulation parameters
	Parameter
	Value

	Carrier frequency
	4GHz
	28GHz

	Channel model
	EPA
	CDL-B UMi street canyon

	System bandwidth
	20MHz
	80MHz

	Subcarrier spacing
	15kHz (Format A)
30, 60, 120kHz (Format B)
	60kHz (Format A, 2-Symbol)
60, 120, 240kHz (Format B)

	Antenna configuration
	1x2, 1x8
	2x32

	CP overhead
	6.6%

	UE speed
	3km/h

	UCI bits
	2bit (PF1-like) / 2, 4, 16, 64 bits (PF5-like)

	PRB numbers
	2, 4, 8, 32 PRBs (Format A, 2-Symbol)
(Equivalent transmission bandwidth for Format B )

	Receiver
	MLD (PF1-like) / Real channel estimation (PF5-like)

	Encoding
	Repetition code (PF1-like) / TBCC (PF5-like)

	CRC
	0-bit (PF1-like) / 8-bit (PF5-like)

	Number of subcarriers per PRB
	12

	Waveform
	CP-OFDM

	Phase-noise
	Not modelled
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