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1 Introduction
In RAN1#87, the following agreements on extended CP have been achieved [1]:
· Possible use cases for the extended CP include
· Multiplexing of eMBB and URLLC deployed below 6 GHz
· SCS for eMBB 15(NCP)/30/60kHz, SCS for URLLC = 60 kHz
· Transmission of URLLC with 60 kHz SCS
· High speed scenarios for 30kHz and 60kHz
· Support extended CP at least for 60 kHz SCS
· UE support for ECP may depend on UE type/capability
· FFS how to configure UE using different CP overhead
· FFS the length of ECP
· FFS extended  CP for other scenarios/numerologies
In RAN1#88, the following working assumption on extended CP length has been achieved [2]:

· Working assumption: LTE scaled extended CP is supported at least for NR 60kHz SCS in Rel-15
· Revisit and design CP choice from 48, 52, or 49 OFDM symbols in 1 msec if other extended CP(s) have benefits for identified use cases
· The CP type can be semi-static configured with UE-specific signaling
· FFS extended  CP for other numerologies including forward compatible aspects
This contribution is based on [3], the additional simulation results are provided with regard to high speed scenario based on the designed DMRS patterns, then LTE scaled extended CP for NR 60 kHz is confirmed.
2 Discussion and Evaluation  
2.1 CP length for 60 kHz SCS
2.1.1 CP Options for 60 kHz SCS
In Table 1, all ECP length options for 60 kHz are listed.
Table 1 Extended CP length options for 60 kHz SCS
	
	Scaled ECP
	Other extended CP length options

	Symbols/ms
	48
	49
	50
	51
	52
	53
	54
	55

	CP length(us)
	4.17
	3.74
	3.33
	2.94
	2.56
	1.94
	1.85
	1.51

	Overhead
	20%
	18.33%
	16.67%
	15%
	13.33%
	11.67%
	10%
	8.33%


Based on the discussion at the previous meetings, for 60 kHz ECP, 48, 49 and 52 symbols per 1ms are selected as candidates in this paper for analysis. 
48 symbols per 1ms: One subframe consists of 4 slots or 8 slots, i.e. one slot consists of 12 symbols or 6 symbols as illustrated in Figure 1. It has the following advantages:
· 48 (3*2^4) symbols per 1ms can be easily scaled to SCS above or below 60 kHz naturally, e.g. 30 kHz ECP with 24 symbols, 15 kHz with 12 symbols.
· Boundary alignment is achieved at 0.5ms for ECP and NCP. Furthermore, approximate slot boundary alignment can be achieved with only several Ts distance for ECP and NCP. This alignment brings some benefits: 
· Enable more flexible CP configuration in time domain. 

· Without the issue of mini-slot across slot boundary, which has less impact on the control part of the slot will be introduced and will simplify the self-contained slot design with DL/UL in one slot.

49 symbols per 1ms: One subframe consists of 7 transmission units (slots), i.e. one slot consists of 7 symbols as illustrated in Figure 1. Thus, one slot of 60 kHz with 7 symbols can align two symbols of 15 kHz NCP. However, the following weakness of this design should be pay attention:
· It cannot be easily scaled to SCS below 60 kHz naturally for forward compatibility, e.g. 30 kHz ECP and 15 kHz ECP.
· When it is used for URLLC, with mini-slot across slot boundary, control part and self-contained slot design of the slot will be impacted by this mini-slot. 
52 symbols per 1ms: One subframe consists of 4 transmission units (slots), i.e. one slot consists of 13 symbols as illustrated in Figure 1. The CP length configured for each symbol is shown in Appendix A, thus decimation can be easily achieved.This option might be attractive because the low overhead for CP and RS. However, the following weakness of this design should be pay attention:
· It cannot be easily scaled to SCS below 15 kHz naturally for forward compatibility, e.g. 7.5 kHz ECP.
· The duration of one slot is 0.25ms, which will increase the latency and reduce the retransmission times within a creation duration, thus reduce the reliability.
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Figure 1 Example slot structure and alignment for the CP option of 60 kHz with 48, 49, 52 and 56 symbols
The example slot structure and CP length are shown in Appendix A.
Observation 1: CP length for 60 kHz ECP with 48 symbols per 1ms is more flexible and beneficial from the structure perspective.
2.1.2 Evaluation for URLLC

In this section, we would conduct link-level simulations with the aim to evaluate the performance of 60 kHz SCS with multiple CP lengths for URLLC service with BLER lower than 10-5, assuming the latency requirement can be satisfied. The latency of URLLC transmission is directly associated with the number of transmissions and the scheduling slot duration, the latency for different CP length options are analysed in Appendix B. 
In our simulation assumption, the following methodology are used
· Adaptive MCS

· Both short and long delay spread channel are simulated
The detailed simulation assumption can be found in Appendix C.  The BLER with whole MCS set at a given SNR is evaluated, and the highest throughput of the MCS with BLER lower than 10-5 is illustrated in Figure 2. 
From the results (a) and (b), it can be seen that 60 kHz with 49 symbols has the similar performance with 60 kHz with 48 symbols, and scarcely worse performance than 60 kHz with 52 symbols over short delay spread channel, as the CP length of three options can cover most channel paths and 60 kHz with 52 symbols has least overhead without considering the RS. Form the results (c) and (d), it can be seen that 60 kHz with 48 symbols have better performance than 60 kHz with 52 symbols, especially for one transmission, 60 kHz with longer CP length select much higher MCS over long delay spread channel.
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        (c) DS=1000ns, One transmission                            (d) DS=1000ns, Two transmissions


Figure 2 URLLC performance with BLER lower than 10-5 
The reference signals overhead are compared among slot and mini-slot using different subcarrier spacing in [4]. With the URLLC with slot transmission with 60 kHz, low reference signals overhead can be achieved.
Observation 2:60 kHz with 48 symbols provides best performance compared to 60 kHz with 49 and 52 symbols in long delay spread deployment scenarios for URLLC. 
2.1.3 Evaluation for High Speed
2.1.3.1 High speed Non-SFN
In this section, high speed with different channel models is evaluated across the subcarrier spacing of 60 kHz with multiple CP lengths. Detailed link level simulation assumption can be found in Appendix C. 

The performance of high speed across different subcarrier spacing and CP overhead is evaluated under the normalized spectrum efficiency, simulation results are illustrated in Figure 3, it can be seen that longer CP length outperforms others across long delay spread channel models.
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Figure 3 High speed performance with Non-SFN 
2.1.3.2 High speed train - SFN

To deal with the severe environments at the edge of a cell, the methodology of SFN is introduced, thus several gNBs can provide service for the UE simultaneously. SFN can also be applied to high speed deployment scenario according to the agreed WF in RAN1#85 [5]. E.g. for the TDL-A channel, UE is located at the dot, we can combine the all paths form the gNBs using the methodology similar as that for MBSFN in LTE, the delay and power can be seen in the Figure 4, and the simulation results can be seen in the Figure 5.
[image: image9.png]BBU BBU

Site

1 66m>

Same cell ID

BBU




[image: image10.png]Power(dB)

Delavius)

10

15




Figure 4 Delay and power for combined paths for high speed train SFN scenario
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Figure 5 High speed performance with SFN
Observation 3: 60 kHz with 48 symbols provides best performance compared to 60 kHz with 49 and 52 symbols and 30 kHz with NCP in long delay spread deployment scenarios for Non-SFN high speed and SFN high speed train. 
2.1.3.3 DMRS patterns for High speed
In this section, impacts of DMRS patterns for high speed case are evaluated with real channel estimation. For control overhead, one or two symbols are possible and one symbols for DL control channel are assumed in the simulation. Front-loaded and staggered/non-staggered DMRS patterns are considered. Three issues for the design of DMRS pattern should be studied:
Frequency domain density: The use of extended CP is expected for channels with long delay spread, or equivalently for channels experiencing much more frequency selectivity as compared to channels where normal CP is used. Thus, as illustrated in Figure 6 and Figure 7, two options are preferred, 6 and 12 pilot REs in one PRB in frequency domain. 
Time domain density: For high speed deployment scenarios, DMRS symbols in time domain should be denser to provide robustness, e.g. 3 symbols within a 0.25ms slot as shown in Figure 6 and Figure 7, since key characteristic of this scenario is consistent user experience with very high mobility, the channel parameters change fast.
DMRS across different layers: Extended CP is mainly utilized in the frequency selective channels. From this perspective and considering the fact that CDM is sensitive to the direction where it spans, it is hence natural to avoid running the code in frequency. FDM different ports may be a good choice, including staggered and non-staggered as shown in Figure 6 and Figure 7.
[image: image12.emf]1 2 3 4 5 6 7 8 9101112

Control Port 0 Port 1

(a) (b)

1 2 3 4 5 6 7 8 9101112

1 2 3 4 5 6 7 8 9101112

(c)


Figure 6 ECP DMRS pattern for high speed (12 symbols a slot)
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Figure 7 ECP DMRS pattern for high speed (13 symbols a slot)
Based on the above discussion, we take some link level simulations to compare different DMRS patterns for different extended CP length options, detailed link level simulation assumptions can be found in Appendix C, and the simulation results can be seen in the Figure 8.
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Figure 8 High speed performance with designed DMRS
From the results, it can be seen that under the 1000ns desired delay spread, 6 pilot REs can get the required robustness at 500km/h and 4GHz carrier frequency, 60 kHz with 48 symbols performs better than 60 kHz with 52 symbols, staggered and non-staggered pattern have the similar performance.
Observation 4: 60 kHz with 48 symbols provides better performance than 60 kHz with 52 symbols in long delay spread deployment scenarios for high speed with DMRS and real channel estimation.
Proposal 1: Confirm the working assumption that 60 kHz ECP with 48 symbols per 1ms scaled from LTE ECP is supported.
2.2 CP length for above 6GHz
In RAN1#86bis, the coordinated transmission schemes for NR and the simulation assumptions were agreed as follows:
Agreements:
· For coordinated transmission schemes for NR:

· Support different types of coordinated transmission schemes for NR

· For NR network coordination schemes, following three deployment scenarios are encouraged to be evaluated in phase 1

· Indoor hotspot, dense urban, urban macro

· Use the simulation assumptions in TR 38.802 as baseline

· Adopt at least the FeCoMP (TR 36.741) methodology in terms of coordination

· E.g. Coordination cluster size, backhaul latencies, traffic loads, etc.

From the agreements we can see that the coordinated transmission schemes are important schemes for NR. Furthermore, the backhaul latency for coordinated transmission schemes should be considered in NR. The backhaul latency considered for evaluation is up to 50ms In FeCoMP (TR 36.741) methodology [6].
2.2.1 Evaluation results for 30GHz
Based on the discussion and evaluation in the previous meeting [7], we make some clarifications and updates.
· SFN transmission scheme is used for multipoint transmission in evaluations.

· For the delay spread after beamforming, as analysed in [8], the real delay spread of TDL-C1000ns after beamforming is about 68ns, which is shorter than which of before beamforming. 
· For the simulated SNR range, even in the edge of the cell, UE received SNR may be in the medium to high range due to large beamforming gain obtained. When coordinated beamforming is used between two cells, UE will get less interference from the other cell which leads to high SNR. Furthermore, if SFN or multi-site transmission is applied for UE, the received SNR will also be high.
· In this contribution, we further use AMC methodology which MCS is adapted based on the estimated SNR on the receiver for simulation.
In the following, link level performances are provided to evaluate normal CP (NCP) and extended CP (ECP) for 30GHz as illustrated in Figure 9. 
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Figure 9 Throughput performance of NCP and ECP
From the simulation results we can see that under TDL-C 300ns channel scenario and with 120 kHz subcarrier spacing, when timing error of two TRPs is zero NCP has better performance than ECP since NCP can cover the channel delay spread and has more available resource element. 
However, under TDL-C 1000ns channel scenario, or when timing error of two TRPs is 200ns, NCP cannot cover the total channel spread thus 120 kHz with 96 symbols has better performance than NCP. 
Observation 5: 120 kHz with ECP provides better performance than 120 kHz with NCP for multipoint transmission above 6GHz.
Proposal 2: 120 kHz ECP with 96 symbols per 1ms, i.e. scaled from LTE, is preferred.

2.3 CP length for UL transmission
UL transmission can be implemented by synchronized transmission with or without TA adjustment depending on the service and deployment scenarios as illustrated in Figure 10. For synchronized transmission with TA adjustment, the timing offsets between UEs can be compensated by timing advance (TA) adjustments from gNB(s), such that CP length needs to cover the expected channel delay spread, i.e. maximum multipath delay for UE in Figure 10. For this case, NCP is probably sufficient for subcarrier spacing (SCS) lower than 15 kHz; whereas a numerology with SCS of 15 kHz or larger may need ECP to cover the environments with long delay spreads. For UL synchronized transmission with TA adjustment, depending on how often it is required to run TA estimation and TA signalling process to maintain UL synchronized, such a scheme can result in significant signalling overhead and high energy consumption of battery powered UEs. Another scheme to keep the UL synchronized (within a CP length) is to take advantage of larger CP that can cover timing offsets caused by round trip delays, such that  TA adjustment to compensate for timing offsets is not needed, yielding a TA free scheme. For example, ECP can be employed as needed, depending on the cell radius and the environments (to be analysed in the sub-section 2.3). 
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	Figure 10 UL timing alignment and misalignment


2.3.1 UL synchronized transmission with long delay spread

For UL synchronized transmission, large cells and continuous coverage requirements may need long CP length. In this section, link level simulation is used to evaluate the performance of different subcarrier spacing with different CP types for UL synchronized transmission with long delay spread, and detailed simulation assumption can be found in Appendix C, length of extended CP for a given SCS may has many options, we select the scaled ECP from LTE for simulation as a start point. The simulation results for synchronized transmission with fixed MCS (64QAM, 3/4) is illustrated in Figure 11. From the results, it can be seen that ECP performs better than NCP over long delay spread channels at both low and high speed.
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	Figure 11 Performance of synchronized transmission with long delay spread 


Proposal 3: Above or equal 15 kHz SCS with ECP should be supported for UL synchronized transmission over long delay spread channels.

2.3.2 UL synchronized transmission with TA free
Longer CP can help to relax the UL synchronization requirements and cover larger area for UE UL signals, which can be achieved by taking advantage of DL synchronization timing and the TA free scheme. Link level simulation is used to evaluate the performance of different CP types for synchronized transmission of small packets with TA free scheme at urban coverage for massive connections [12], detailed simulation assumption can be found in Appendix C. The sampling window is configured based on the timing of UE close to gNB, and the throughput of UE at the edge of the cell is shown in Figure 12. From the results, it can be seen that 15 kHz with ECP clearly outperforms NCP.
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	Figure 12 Performance of UL transmission with TA free


Observation 6: Long CP can help to relax the UL synchronization requirements and cover larger area for UL transmission, such as SCS above or equal 15 kHz with ECP.
2.3.3 Analysis on grant-free UL timing and synchronisation operations

In RAN1#87, it has some agreements on grant-free [1]:

· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 

· FFS: resource configuration details

· FFS other details of design
To allow for a grant-free transmission where the accessing UE relies on DL synchronization only, misalignments of the symbol timing caused by the round trip delay (RTD) and reflected in the uplink signals transmitted by the UE have to be tolerated by the system. This holds in particular in scenarios supporting mobility, as a frequent estimate of the RTD to compensate timing offsets through a timing advance (TA) adjustment as in LTE would quickly become too costly (in terms of signalling overhead and power consumption) for devices with infrequent and short package traffic. In fact, thanks to the CP, the system can support timing offsets up to the amount of the CP length minus the expected channel delay spread. The maximum timing offset t between UL signals stemming from different UEs may occur between a cell centre and a cell edge UE; then t  is equal to the RTD delay of the cell edge user, i.e. t = 2d/c, with d the distance of the cell-edge UE to the BS (i.e. cell radius), and c the speed of light.

An upper bound for the maximum cell size supported by a specific CP can be given by setting t  equal to the CP length and solving for the cell radius d, i.e. d = ct /2. That is, we neglect the expected channel delay spread. In this case, we can obtain the upper bounds for the maximum cell sizes for the numerology settings, as shown in the third row of Table  in Appendix C. When the channel delay spread is considered, it would in practice require some more room of the CP or shorten the supported cell radius for the specific CP. In this case, we can assume about 2us as maximum rms delay in urban, suburban and rural environments measured around 900MHz bands [13], and as a result, the upper bounds for the maximum cell sizes for the numerology settings with the expected delay spread are given in the last row of Table  in Appendix C. Note that, ECP for SCS smaller than 15kHz is also expected to be necessary for forward compatibility support of mMTC applications. 

Moreover, when UE is doing initial network entry, it will have to synchronize with DL first, and then usually can perform the UL synchronization with the network once at that time with a timing offset provided by the network, where the time offset will compensate for the RTD. In this scenario, when the TA free scheme combines such UE UL initial timing offset with measured DL synch timing, the CP length required to keep UL synched becomes much smaller in the sense that UE will only need to compensate for its relative RTD shifts (or variations, instead of its absolute RTD value) during its stay in the system due to, e.g., DL synch error, UE mobility, etc. This will make the TA free scheme very attractive and applicable to almost all the practical deployments and environments. 
Observation 7: UL grant-free transmission can support synchronous operations for the service and deployment scenarios of practical interest, e.g. DL Synch based TA free in urban, suburban and rural deployment scenarios with support of large cell radius when using ECP. 
Observation 8: Given an initially UL synchronized UE (e.g., during its initial network entry), the TA free scheme is very attractive and applicable to almost all the practical deployments and environments for the UE to keep its UL grant-free transmissions well synchronized.      
3 Conclusions
Based on our evaluated results and analysis, we have the following observations:
Observation 1: CP length for 60 kHz ECP with 48 symbols per 1ms is more flexible and beneficial from the structure perspective.
Observation 2:60 kHz with 48 symbols provides best performance compared to 60 kHz with 49 and 52 symbols in long delay spread deployment scenarios for URLLC. 
Observation 3: 60 kHz with 48 symbols provides best performance compared to 60 kHz with 49 and 52 symbols and 30 kHz with NCP in long delay spread deployment scenarios for Non-SFN high speed and SFN high speed train. 
Observation 4: 60 kHz with 48 symbols provides better performance than 60 kHz with 52 symbols in long delay spread deployment scenarios for high speed with DMRS and real channel estimation

Observation 5: 120 kHz with ECP provides better performance than 120 kHz with NCP for multipoint transmission above 6GHz.
Observation 6: Long CP can help to relax the UL synchronization requirements and cover larger area for UL transmission, such as SCS above or equal 15 kHz with ECP.
Observation 7: UL grant-free transmission can support synchronous operations for the service and deployment scenarios of practical interest, e.g. DL Synch based TA free in urban, suburban and rural deployment scenarios with support of large cell radius when using ECP. 
Observation 8: Given an initially UL synchronized UE (e.g., during its initial network entry), the TA free scheme is very attractive and applicable to almost all the practical deployments and environments for the UE to keep its UL grant-free transmissions well synchronized.     

Then our proposals are given:
Proposal 1: Confirm the working assumption that 60 kHz ECP with 48 symbols per 1ms scaled from LTE ECP is supported.
Proposal 2: 120 kHz ECP with 96 symbols per 1ms, i.e. scaled from LTE, is preferred.

Proposal 3: Above or equal 15 kHz SCS with ECP should be supported for UL synchronized transmission over long delay spread channels. 
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Appendix A. CP length for 60 kHz
Table 2 Example slot structure and CP length for 60 kHz with 48 symbols
	Option 1
	CP length symbol 0-11 in one slot
	4.17us (128Ts)

	Option 2
	CP length symbol 0-5 in one slot
	4.17us (128Ts)


Table 3 Example slot structure and CP length for 60 kHz with 49 symbols
	
	Slot 0,3
	Slot 1,2,4,5,6

	CP length symbol 0 in one slot
	4.69us(144Ts)
	4.17us(128Ts)

	CP length symbol 1-6 in one slot
	3.65us(112Ts)
	3.65us(112Ts)


Table 4 Example slot structure and CP length for 60 kHz with 52 symbols
	CP length symbol 0 in one slot
	2.86 us (64Ts)

	CP length symbol 1-12 in one slot
	2.54 us (80Ts)


Note: For simplicity, here Ts is the time unit same as that in LTE

Appendix B. Latency analysis for URLLC
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	#Trans times/ms

(60kHz 6OS/slot ECP)
	#Trans times/ms

 (60kHz 13OS/slot ECP)
	#Trans times/ms

 (60kHz 7OS/slot ECP)

	HARQ n+0
	4
	4
	4

	HARQ n+1
	4
	2
	4


Example 1: one TTI for frame align, queuing and scheduling, and one TTI for Tx for DL
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	#Trans times/ms

(60kHz 6OS/slot ECP)
	#Trans times/ms

 (60kHz 13OS/slot ECP)
	#Trans times/ms

 (60kHz 7OS/slot ECP)

	Scheduling timing n+0
	HARQ n+0
	4
	2
	4

	
	HARQ n+1
	3
	1
	3

	Scheduling timing n+1
	HARQ n+0
	4
	1
	4

	
	HARQ n+1
	3
	1
	3


Example 2: one TTI for frame align, and one TTI for Tx for UL
Appendix C. Simulation Assumption
Table 5 Parameters assumption for URLLC
	Assumptions
	Value

	Carrier frequency
	6GHz

	Number of RB
	8RB

	MCS
	28 MCS, QPSK to 64QAM, coding rates range[0.0782, 0.889]

	Subcarrier spacing
	60kHz

	Symbols / ms
	48
	49
	52

	Control&RS overhead
	0% 

	Tx mode
	1Tx2Rx 

	Coding 
	Turbo

	Channel Model
	TDL-C DS=300ns, 1000ns in TR38.900

	UE speed
	15km/h

	HARQ
	1Tx, 2Tx

	Channel Estimation
	Genie Channel & Genie noise

	Performance Metric
	Highest throughput with BLER lower than 10-5


Table 6 Parameters assumption for High Speed without DMRS
	Parameters
	Value

	Carrier frequency
	4GHz

	System bandwidth
	20MHz

	UE bandwidth
	2880kHz

	Control overhead
	0%

	Coding
	3GPP Turbo LTE

	Tx mode
	1T1R

	MCS
	64QAM: 0.73 for 60 kHz, 49symbols
64QAM: 0.69 for 60 kHz, 52symbols
64QAM: 0.75 for 60 kHz, 48symbols

64QAM: 0.64 for 30 kHz, NCP

	channel model
	TDL in TR 38.900

	UE speed
	500km/h

	Channel estimation
	Ideal


Table 8 Parameters assumption for High Speed with DMRS
	Parameters
	Value

	Carrier frequency
	4GHz

	System bandwidth
	20MHz

	UE bandwidth
	5760kHz

	Control overhead
	1 symbol per slot

	Coding
	3GPP Turbo LTE

	Tx mode
	1T1R/2T2R

	MCS
	64QAM: 0.69 for 60 kHz, 52symbols
64QAM: 0.75 for 60 kHz, 48symbols

	channel model
	TDL in TR 38.900

	UE speed
	500km/h

	Channel estimation
	Real


Table 9 Parameter assumption for above 6GHz
	Assumptions
	Value

	Carrier frequency
	30GHz

	Simulation bandwidth per CC
	80MHz

	Channel model
	TDL-C

	MCS
	AMC with CQI feedback

	Channel estimation
	Ideal

	Speed 
	3km/h

	Timing error ∆t
	200ns

	Delay spread
	300ns，1000ns

	Beam switching
	200ns

	PN model
	See reference [10]

	AntNum
	64*4

	Symbols in 1ms
	96OS/104OS/112OS


Table 10 Cell radius vs CP to keep timing offsets within CP length

	Parameters
	Set 1
	Set 2
	Set 3

	Subcarrier spacing (kHz)
	15
	30
	60

	CP length (usec) (NCP/ECP)
	(5.2,4.69)(NCP)

16.67 (ECP)
	(2.6,2.35)(NCP)

8.33 (ECP)
	(1.3,1.2)(NCP)

  4.17(ECP)

	Upper bound for cell radius neglecting delay spread
	2500 m(ECP)
	1250 m(ECP)
	625 m(ECP)

	Upper bound for cell radius considering 2 µs delay spread  
	2200 m(ECP)
	950 m(ECP)
	 325 m(ECP)


Table 71 Parameters assumption for synchronized UL transmission with long delay spread

	Assumptions
	Value

	Carrier frequency
	6GHz

	Control&RS overhead
	0% 

	Tx mode
	1Tx2Rx as starting point 

	Coding 
	Turbo

	HARQ transmissions
	4(RV: 0,2,3,1)

	MCS
	64QAM,3/4

	Channel Model
	TDL-C DS=1000ns in TR38.900

	UE speed
	3km/h,500km/h

	Channel estimation
	Ideal

	Simulation Metric
	SNR-BLER


Table 82 Parameters assumption for UL transmission with TA free

	Assumptions
	Value

	Carrier frequency
	2.1GHz

	Subcarrier spacing (kHz)
	15

	Active BW (RB) 
	6

	Symbols / TTI
	14/12

	Control&RS overhead
	0% 

	Tx mode
	1Tx2Rx as starting point 

	Coding 
	Turbo

	HARQ transmissions
	4(RV: 0,2,3,1)

	MCS
	AMC, 10% IBLER

	UE speed
	3km/h, 30km/h

	Channel estimation
	Ideal

	Simulation Metric
	SNR-Throughput
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