3GPP TSG RAN WG2 #102
 R2-1807222
Busan, South Korea, 21st - 25th May 2018
Agenda Item:
9.15.4
Source: 
Ericsson
Title:  
Provision of granular time reference 
Document for:
Discussion and Decision

1 Introduction
The Work Item Description include that:
	· Support methods to provide a sufficiently granular time reference value to a UE from an eNB.


An email discussion was kick-offed after the last meeting. The discussion is on the granularity of the time information. In this paper, we discuss in detail the mechanisms to send this time information, together with our view on the granularity of the time information.
2 Discussion
2.1 Introduction

There is a need for UE to acquire an accurate time synchronization with respect to a time reference in order to support UE applications where actions or reporting is required to be executed with a certain level of guaranteed synchronization with respect to the time reference. 
In telecommunication networks, the general solution for obtaining synchronization information (global time of day) usually depends on the presence of GNSS (Global Navigation Satellite System) receivers at a primary node, with additional distribution of that synchronization information to secondary nodes by using e.g. PTP (precision time protocol). With common GNSS receivers it is possible to obtain synchronization information that is sufficiently accurate for supporting demanding use cases (e.g. factory automation). However, once acquired, the distribution of this information to UEs faces certain challenges:
· A deterioration of the accuracy of this information will be experienced in the process of an eNB relaying it over the radio interface, considering that time of day information will be referenced to a specific point in the radio frame structure when transmitted at the antenna reference point. 
· Relaying synchronization information over the transport network from an eNB that has access to GNSS to an eNB that doesn’t will also cause a deterioration of the accuracy of this information (e.g. even when considering the use of PTP between such nodes).

· An additional loss of synchronization accuracy can be expected due to limitations in the precision with which a network can determine the timing advance applicable to a UE at any given point in time.

Thus, obtaining, maintaining and assuring a high level of synchronization accuracy for a UE operating individually or as part of a set of UEs (operating in different cells) whose actions must be synchronized, is not trivial. 
2.2 Granular time reference
Synchronization information may be transmitted in a cell as part of broadcast information (e.g. SIB X) or within a dedicated message (point to point) sent to a specific UE (e.g. a RRC message). Considering that an operator may wish to monetize services requiring the use of enhanced time synchronization in a UE, the use of dedicated signaling to convey synchronization information is seen to be advantageous compared to a SIB based distribution method.
Proposal 1: Support the transmission of a granular time reference value by dedicated messages.
In the ongoing positioning work item (RP-172313), the encryption of the broadcast message is one of the items to be specified. The encryption framework for broadcast message can be beneficial for time synchronization message so that only certain types of UEs can receive this information. 
In the ongoing CR discussion in the positioning WI, it is proposed to introduce a generic system information block and the encryption is performed on the generic type. It is then straightforward to include a specific system information type with time reference information and apply the encryption framework. We do notice that the time is limited due to the last meeting in this release, and if so we can further consider in a later release. 
Proposal 2: Support the transmission of a granular time reference value by an encrypted broadcast message and, if time limited, the specification can be done in a later release.
In SIB 16, the time reference information is a Coordinated Universal Time that counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). However,
· UTC contains leap seconds (i.e. the UTC time is advanced by 1 second about once every 2 years to account for anomalies in the earth’s rotation) and an eNB must be synched towards a source without leap seconds (see 3GPP TS 36.401 chapter 9.1).
· UTC also has the year 2038 problem (wrap around occurs at 03:14:07 UTC on 19 January 2038) ( if we use UTC then we assume applications expected to be running in that year will have taken appropriate coding safeguards (similar to Y2K problem).
For applications requiring high precision synchronization it might be difficult (or implementations would at least need to be more complex) to avoid a “time glitch” when adding the leap second. GNSS based time is therefore an example of a more suitable form of time reference value, as it supports a continuous time scale. GPS time is an example of GNSS based time and is continuous with an accuracy of about 100ns. It is not adjusted for leap Seconds and was set on 6 January 1980, 0 h 00 UTC to have zero second difference with UTC. GPS Time counts in weeks and seconds of a week from this reference time.
Proposal 3: The time reference value needs to have a continuous time scale and should preferably be a GNSS time such as GPS time.

The use cases for which a UE needs to be provided with time reference information can have diverse requirements (e.g. see TR 22.804). For example, on the one hand for “low-latency audio streaming for live performance”, the synchronicity requirement can be as low as 0.25 us (see in Section 5.8.2), and on the other hand for “high data rate video streaming / professional video production”, the synchronicity requirement just needs to be smaller than 1ms (see in Section 5.8.4). Due to the expected diverse requirements and in the interest of a preferably future-proof design, supporting time reference information with a corresponding accuracy requirement having a value between 0.25 us and 1ms is seen as appropriate. 

Proposal 4: From RAN2 signaling aspect, supporting a time reference accuracy requirement having a value between 0.25 us and 1ms is seen as appropriate.
As stated in Section 2.1, obtaining, maintaining and assuring a high level of synchronization accuracy for a UE is not trivial. For UE applications that require accurate synchronization, the totality of factors that contribute towards inaccuracies of a time reference value provided to a UE can be known and indicated to a UE along with the time reference value. This can be done without explicitly indicating what each member of the set of factors contributes towards the total inaccuracy. This may be important for use cases where a UE must ensure a certain maximum inaccuracy applies to the received time sync value in order to reliably perform a function. 
Proposal 5: It is beneficial to allow the option of including an indication of the total inaccuracy when sending time reference information to a UE. 

Time reference value should refer to a specific reference point in the radio frame structure as it is transmitted at the antenna reference point. Since RRC message might be retransmitted, an eNB cannot know in advance for sure when this message will be received at which subframe in the UE. One example of the reference point in the radio frame structure that could be used is the beginning of a future subframe as this is already supported in UMTS and the associated subframe number and SFN for this subframe are also sent in the RRC message. 

Proposal 6: For dedicated RRC message, the time reference value indicates the time at the beginning of a SFN and the SFN is also indicated in the RRC message. 
The specific format used for transmission of the reference time can be similar to the signalling implementation in Section 6.5.2.2 of TS 36.355, in which the location server sends GNSS time with different accuracy levels to the UE. Basically, a very highly granular time reference value = time (with, for example, granularity of 250ns) is sent along with an uncertainty indication unc so that the actual reference time lies in the interval: 

[time – unc, time + unc].

Equivalently, if a large uncertainty value is sent, then it means a lower granularity of the time reference value sent to a UE. A formula as in TS 36.355 can be used so that the uncertainty unc, expressed in us, is mapped to a number K that is transmitted in the RRC message.
In one example, we can use the formula unc = 0.25 * K. Note that in practice the value selected for K can reflect all sources of inaccuracy (e.g. not just the inaccuracy level of the GNSS time used as the basis for the time reference). eNB can send a RRC message with: 

· time reference value expressed in units of 250 ns

· uncertainty indication of K*250 ns, where K is sent in the message

· K = 0 indicates a default inaccuracy value (uncertainty) of 250ns applies to the reference time

Another example is to use “K” to indicate how many bits within time are accurate, so that the accuracy of time can be (in us) {0.25, 0.5, 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024}. In this example, a smaller number of uncertainty regions can be signalled with the only benefit of using a smaller number of bits to encode “K”. We do not see a need to restrict to this approach since a few extra bits in RRC is not a big overhead.  
Therefore, we propose the following signalling mechanism, 
Proposal 7: eNB signal in RRC message to the UE: 
· time reference value in units of 0.25 us;
· a value K optionally included indicating the uncertainty of time reference value in K*0.25 us. 
A draft CR can be found in [1]. 
3 Summary
RAN2 is kindly requested to discuss and agree to the following proposals:
Proposal 1: Support the transmission of a granular time reference value by dedicated messages.
Proposal 2: Support the transmission of a granular time reference value by an encrypted broadcast message and, if time limited, the specification can be done in a later release.
Proposal 3: The time reference value needs to have a continuous time scale and should preferably be a GNSS time such as GPS time.

Proposal 4: From RAN2 signaling aspect, supporting a time reference accuracy requirement having a value between 0.25 us and 1ms is seen as appropriate.

Proposal 5: It is beneficial to allow the option of including an indication of the total inaccuracy when sending time reference information to a UE. 

Proposal 6: For dedicated RRC message, the time reference value indicates the time at the beginning of a SFN and the SFN is also indicated in the RRC message. 
Proposal 7: eNB signal in RRC message to the UE: 

· time reference value in units of 0.25 us;

· a value K optionally included indicating the uncertainty of time reference value in K*0.25 us. 
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