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1
Introduction
At RAN2#78 meeting, a revised WI URLLC was approved [1] and a new objective was added, i.e. Support methods to provide a sufficiently granular time reference value to a UE from an eNB. In addition, the following note was also added:
Note: No impact to RAN4 core/performance requirements resulting from the solutions enabling the network to provide a sufficiently granular time reference value to a UE.

In this paper, we discuss the use cases and synchronization accuracy. It is noted that we use the wording “sync accuracy” instead of “synchronization accuracy”.
2
Discussion
2.1
Use cases and requirements on sync accuracy
In TR 22.804 [2], it defines that:
The 5G system shall support a very high synchronicity between a communication group of UEs in the order of 1 µs or below.
For some use cases, the sync accuracy between two UEs may be more than 1us, e.g. local conference, professional video production, and Table 1 provides a summary (based on TR 22.804 [2]). 
Table 1: Sync accuracy for some use cases
	Use cases
	Sync accuracy

	Live performance
	0.25 ~1µs

	Motion controller, sensors, actuators
	≤ 1us

	 Smart gird
	1~10µs

	Local conference system
	≤ 20µs

	High data rate video streaming use case / Professional video production
	≤ 1ms


Observation 1: Under different use cases, the requirements on sync accuracy between UEs are different and they can vary from 0.25us to 1ms. The typical values are 0.25us, 1us, 5us, 10us, 20us, and 1ms.
For use cases in table 1, they can be classified into two types. It can be seen that for type 2 use case, there are some requirements. For security aspect, reliable time information is required for precise control, e.g. to determine the action of each device in factory automation. Fake time information (e.g. from jammer) may cause wrong action of devices and may lead to big problems.
Table 2: Two types on sync accuracy use cases
	Aspects
	Type 1
	Type 2

	UE number
	Huge number of UEs (Note 1)
	Normal number of UEs (Note 2)

	Security (reliable time information)
	Best effort
	Required

	Authorization of time information
	Not required
	Required

	Note 1: from TS 22.261 [3], up to 1 million UEs are deployed in the network per square kilometre.

Note 2: from TR 22.804 [2], up to 1000 UEs are deployed in the factory per square kilometre.


Observation 2: For sync accuracy use cases, there may be different requirements, e.g. UE number, security and authorization.
2.2
The relations between sync accuracy and a sufficiently granular time reference value
In figure 1, we show the sync accuracy concept in LTE networks. In this figure, there are three UEs, UE1 and UE2 are served in the same eNB, and UE2 and UE2 are served in different eNB.
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Figure 1: sync accuracy between UEs in LTE networks
For sync accuracy calculation, we have the following formulae:
· Formula 1: (2 UEs under different eNBs)
sync accuracy between UEs = sync accuracy between eNBs + 2 * sync accuracy between eNB and UE
· Formula 2: (2 UEs under the same eNB)
sync accuracy between UEs = 2 * sync accuracy between eNB and UE
According to TS 36.133 [4], the basic requirement for synchronisation between any pair of cells on the same frequency that have overlapping coverage areas in LTE TDD network is 3us (phase deviation between two neighbour cells). The synchronization accuracy is measured at the BS antenna connector. For macro eNBs (“wide area BS”), the requirement of 3us applies only if the cell radius <3 km. Above, the requirement is 10us.

In LTE Rel-14 SI Network Assistance for Network Synchronization [5], 3us is used as a baseline for enhancements, i.e. new solutions should provide accuracy with less than 3us. So 3us can be also assumed as a typical value for sync accuracy between eNBs.
Proposal 1: Sync accuracy between eNBs is assumed to be 3us.
For sync accuracy between eNB and UE, it consists of the following two factors:
(a) sync accuracy of time reference information provided from eNB to UE
(b) sync error in Uu interface
To be more specific, we have the following formula:

Formula 3:
sync accuracy between eNB and UE = sync accuracy of time reference information + sync error

For factor (b), the frame timing may not be exactly aligned between eNB and UE, and the difference is the sync error. In LTE systems, CP (cyclic prefix) is a guard band between LTE symbols and we have the following formula on the sync error:
Formula 4:
2 * sync error < CP length

In TS 36.211 [6], the CP lengths are defined in table 6.12-1 (as below). It is noted that the rightmost column is not in the original table 6.12-1, and it is to describe CP length in terms of us.
Table 6.12-1: OFDM parameters
	Configuration
	Cyclic prefix length 
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	Extended cyclic prefix
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* For 15kHz carrier spacing, Ts=1/(15000*2048）second
* For 7.5kHz carrier spacing, Ts=1/(7500*2048）second
In table 6.12-1, the minimal CP length is 4.68us, so the sync error is 2.34us. In order to minimize system impact/complexity, it is proposed to select 2us.

Proposal 2: Sync accuracy between eNB and UE consists of sync accuracy of time reference information provided from eNB to UE and sync error. The sync error is 2us.
Based on above analysis, the sync accuracy between eNB and UE are analysed in table 3.
Table 3: Sync accuracy calculation (synchronization error is 2us) 
	Sync accuracy between UEs
	0.25us
	1us
	5us
	10us
	20us
	1ms

	Sync accuracy of time reference information

(2 UEs under the same eNB)
	/
	/
	0.5us
	3us
	7us
	498us

	Sync accuracy of time reference information

(2 UEs under different eNBs)
	/
	/
	/
	1.5us
	6.5us
	496.5us


Note: “/” means that there is no values that can meet the sync accuracy requirements between UEs.

From network point of view, it may not be easy to know whether any of two UEs are under the same eNB or different eNB. In addition, for one UE, it may connect to other UEs (under the same eNB or different eNBs), and such connections may change. So we propose to only consider values for different eNB cases, i.e. highlighted values in table 3.
Proposal 3: For sync accuracy of time reference information, it is proposed RAN2 to support the following values: 1.5us, 6.5us, and 496.5us.
For proposal 3, if the eNB is to provide time reference information to the UE, it should meet the sync accuracy requirement. So it is proposed:
Proposal 4: For sufficiently granular time reference values to a UE from an eNB, the candidates of time granularity are: 1.5us, 6.5us, and 496.5us.
3
Conclusion
In this paper, we discuss use cases and requirements on sync accuracy. In addition, we also discuss the relations between sync accuracy and a sufficiently granular time reference value. It is proposed:
Proposal 1: Sync accuracy between eNBs is assumed to be 3us.
Proposal 2: Sync accuracy between eNB and UE consists of sync accuracy of time reference information provided from eNB to UE and sync error. The sync error is 2us.
Proposal 3: For sync accuracy of time reference information, it is proposed RAN2 to support the following values: 1.5us, 6.5us, and 496.5us.
Proposal 4: For sufficiently granular time reference values to a UE from an eNB, the candidates of time granularity are: 1.5us, 6.5us, and 496.5us.
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