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1 Introduction
In RAN1#85, it is agreed that [1] REF  REF1 \h \r 
:
· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied

· UL synchronization (DL synchronization assumed)

· Case 1: Timing offsets between UEs are within a cyclic prefix

· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 
In RAN1#86, for multiple CP, it is concluded that [2]:
· NR design should allow potentially defining multiple CP lengths for a given subcarrier spacing in Phase I or later

· Multiple CP lengths do not mean the normal CP has 2 different CP lengths in the LTE

· It should be possible to deploy NR with 60 kHz subcarrier spacing in the channel with a delay spread that LTE can handle with the normal CP length as one use case

· Other subcarrier spacing solution can be considered with an equal priority in the further study

In this contribution, we focus on the discussion and evaluation of subcarrier spacing and CP types for UL synchronized transmission with long delay spread and without TA adjustment, i.e. TA free. We will also further study on the grant-free UL timing and synchronisation operations.
2 Discussion and Evaluation
UL transmission can be implemented by synchronized transmission with or without TA adjustment depending on the service and deployment scenarios as illustrated in Figure 1. For synchronized transmission with TA adjustment, the timing offsets between UEs can be compensated by timing advance (TA) adjustments from eNB(s), such that CP length needs to cover the expected channel delay spread, i.e. maximum multipath delay for UE in Figure 1. 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 1 UL timing alignment and misalignment


2.1 UL synchronized transmission with long delay spread
For UL synchronized transmission, large cells and continuous coverage may need long CP lengths; high speed may need large subcarrier spacing. In this section, link level simulation is used to evaluate the performance of different subcarrier spacing and CP types for UL synchronized transmission with long delay spread, and detailed simulation assumption can be found in Appendix A and B. The simulation results for synchronized transmission with fixed MCS (64QAM, 3/4) is illustrated in Figure 2. From the results, it can be seen that large subcarrier spacing with ECP performs better than NCP over long delay spread channels.
	[image: image2.png]BLER

fc=6GHz, TDL-C DS=1000ns,3km/h

—%— 15KHz
—%— 15KHz
—6— 30KHz
—6©— 30KHz
—H&— 60KHz
—H— 60KHz

NCP)
ECP)
NCP)
ECP)
NCP)
ECP)

0 5 10 15 20

SNR(dB)




	[image: image3.png]BLER

fc=6GHz, TDL-C DS=1000ns,500km/h
Bt BT T e e

—%— 15KHz
—%— 15KHz
—6— 30KHz
—6©— 30KHz
—H&— 60KHz
—H— 60KHz

NCP]
ECP]
NCP]
ECP]
NCP]
ECP]

5 10 15 20
SNR(AB)





	Figure 2 Performance of synchronized transmission with long delay spread


Proposal 1: Above or equal 15 kHz with ECP should be supported for UL synchronized transmission over long delay spread channels.

2.2 UL synchronized transmission with TA free
Longer CP can help to relax the UL synchronization requirements and cover larger area for UE UL signals. For example, in LTE, the CP length used for preamble is preferred to be longer than the sum of round trip delay (RTD) and channel delay spread to allow synchronous UL transmission for the whole cell. Similarly, for NR, longer CP can be used to simplify the UL synchronized transmission of small packets, which can be achieved by taking advantage of DL synchronization timing and the TA free scheme. Also, longer CP can help to cover larger area for UL signals, such as tracking signals which is used for tracking UE location, determining the long-term TRP-UE association and also for the network to provide TA adjustment if necessary. 
Link level simulation is used to evaluate the performance of different subcarrier spacing and CP types for synchronized transmission of small packets with TA free scheme at urban coverage for massive connections [3], detailed simulation assumption can be found in Appendix B. The sampling window is configured based on the timing of UE close to eNB, and the throughput of UE at the edge of the cell is evaluated in Figure 3. From the results, it can be seen that 15 kHz with ECP clearly outperforms NCP.
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	Figure 3 Performance of UL transmission with TA free


Observation 1: Long CP can help to relax the UL synchronization requirements and cover larger area for UE UL transmission, such as SCS above or equal 15 kHz with ECP.
2.3 Analysis on grant-free UL timing and synchronisation operations 

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 1 in Appendix A. 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 [4], 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 1 in Appendix A. Note that, ECP for SCS smaller than 15kHz is also expected to be necessary for forward compatibility support of mMTC applications. 
Observation 2: DL Synch based TA free transmission can support synchronous multiple access in urban, suburban and rural deployment scenarios with support of large cell radius when using ECP, e.g., up to 2.2km for 15 kHz subcarrier spacing. 
Proposal 2: UL grant-free transmissions should be able to support synchronous operations for the service and deployment scenarios of practical interest.
3 Conclusion
Observation 1: Long CP can help to relax the UL synchronization requirements and cover larger area for UE UL transmission, such as SCS above or equal 15 kHz with ECP.
Observation 2: DL Synch based TA free transmission can support synchronous multiple access in urban, suburban and rural deployment scenarios with support of large cell radius when using ECP, e.g., up to 2.2km for 15 kHz subcarrier spacing. 
Proposal 1: Above or equal 15 kHz with ECP should be supported for UL synchronized transmission over long delay spread channels.

Proposal 2: UL grant-free transmissions should be able to support synchronous operations for the service and deployment scenarios of practical interest.
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Appendix A. Numerology Configuration
Table 1 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)


Appendix B. Link level simulation assumption
Table 2 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 3 Parameters assumption for UL transmission with TA free
	Assumptions
	Value

	Carrier frequency
	2.1GHz

	Subcarrier spacing (kHz)
	15

	Active BW (RB) with 12 subcarriers per 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


