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Introduction
ITU-T Study Group 15 has sent an LS to RAN3 in R3-193344. In this LS the following is stated:
In this respect there have been questions within Q13/15 whether additional requirements could be added in Clause 9.1 [of TS 38.401] to mitigate the effect of potential interferences. 
One possibility is to make it explicit that the time reference must be traceable to a specific common recognized time standard source. 
In this case UTC might be a good candidate as per Recommendation ITU-R TF.460 all standard-frequency and time-signal emissions should conform to the Coordinated Universal Time (UTC). Note: given the 3GPP requirement for a “continuous time without leap seconds”, the actual implementation in this case could make use of the content of the UTC information that is being distributed and that is not impacted by leap seconds, e.g., GPS time in the case where the time reference is carried by a GPS signal.   
TS 38.401, Section 9.1 quotes the following, and the highlighted text is what ITU-T identified as potential target for clarification:
[bookmark: _Toc5612640]9.1	gNB Synchronization
The gNB shall support a logical synchronization port for phase-, time- and/or frequency synchronization.
Logical synchronization port for phase- and time-synchronization shall provide:
1)	accuracy that allows to meet the gNB requirements on maximum relative phase difference for all gNBs in synchronized TDD-unicast area;
2)	continuous time without leap seconds traceable to common time reference for all gNBs in synchronized TDD-unicast area.
A logical synchronization port for phase- and time-synchronization may also be provided for e.g., all gNBs in FDD time domain inter-cell interference coordination synchronization area.
Furthermore, common SFN initialization time shall be provided for all gNBs in synchronized TDD-unicast area.
Based on this information, the gNB may derive the SFN according to the following formula:

	,
where:
time	time adjusted by the common SFN initialization time, in units of 10 ms to match the length of radio frame and accuracy accordingly;
period(SFN)	SFN period.

In this paper further explanation on the ITU-T requirements is given and a way forward is presented.
Discussion
As it can be seen from the LS, ITU-T WG15 is concerned with the fact that the time reference adopted in a given RAN node of a given operators’ network is not traceable to a common time standard source. The latter leads to potential interference between cells. 
As an example, one could consider the case of two operators with neighbouring cells on adjacent or same frequencies. 
· Operator A keeps a time reference that is aligned to a common recognised time standard source such as UTC
· Operator B keeps a time reference that is aligned to a “free running” master clock, i.e. a clock that may drift with time
With time, the time reference of Operator B may derive a different “duration” of a radio frame. Namely, a radio frame in Operator B network may result longer than the same in Operator A’s network. The latter leads to misalignment of radio slots (with respect to the originally planned alignment), which in turn leads to inter cell interference.
Observation1: Maintaining a time reference not aligned to a common recognised time standard source leads to potential inter cell interference
For this reason ITU-T WG15 suggests that, independently from the mechanism an operator chooses to synchronise its network, the time reference the operator chooses as “master” is a common recognised time standard source. ITU-T suggests to adopt the Coordinated Universal Time (UTC), because “as per Recommendation ITU-R TF.460 all standard-frequency and time-signal emissions should conform to the Coordinated Universal Time (UTC)”. 
The UTC time reference is a time standard source that is available worldwide. In the example above, Operator A and Operator B would synchronize their BS clocks to the UTC reference and therefore align their timing, hence avoiding cross cell interference.
Observation 2: by maintaining the continuous time reference within an operator’s network traceable to a common recognised time standard source such as UTC it is possible to avoid cross cell interference  
Further aspects that are implied by the liaison are that the radio frames timing is calculated on the basis of a standardized reference point in time and that such timing is created on the output synchronously with the input synchronization reference. 
Indeed, the requirement from the liaison implies to define a known value for the initialization of the SFN in order to allow for consistent timing between the SFNs of different networks as this may be a prerequisite to prevent interferences and/or allow interworking between different networks.
Observation 3: Cross cell interference is also avoided by calculating radio frames timing on the basis of a standardized reference point in time and by creating such timing on the output synchronously with the input synchronization reference
In summary the observations above lead to the following statement:
Observation 4: In order to avoid interference issues it is beneficial for all the cooperating operators in a given geographical area to be aligned to a common compatible frame structure

It is therefore proposed to adopt the following correction for the text in chapter 9.1 of TS38.401:

9.1	gNB Synchronization
The gNB shall support a logical synchronization port for phase-, time- and/or frequency synchronization.
Logical synchronization port for phase- and time-synchronization shall provide:
1)	accuracy that allows to meet the gNB requirements on maximum relative phase difference for all gNBs in synchronized TDD-unicast area;
2)	continuous time without leap seconds traceable to common time reference for all gNBs in synchronized TDD-unicast area. In the case the TDD-unicast area is not isolated, the common time reference shall be traceable to the Common Universal Time (UTC)
A logical synchronization port for phase- and time-synchronization may also be provided for e.g., all gNBs in FDD time domain inter-cell interference coordination synchronization area.
The start of the radio frame on the output shall be synchronous with the input time reference, i.e., in case a UTC traceable reference is required, aligned with the start time of the UTC second.
Unless otherwise mutually agreed by the operators of the cells on the same frequency that have overlapping coverage areas, the common SFN initialization time should be 1980-01-06T00:00:19 TAI.
Furthermore common SFN initialization time shall be provided for all gNBs in synchronized TDD-unicast area.
Based on this information, the gNB may derive the SFN according to the following formula:

	,
where:
time	time adjusted by the common SFN initialization time, in units of 10 ms to match the length of radio frame and accuracy accordingly;
period(SFN)	SFN period.
In case gNB is connected via TDM interface, it may be used to frequency synchronize the gNB. The characteristics of the clock in the gNB shall be designed taking into account that the jitter and wander performance requirements on the interface are in accordance with network limits for output wander at traffic interfaces of either ITU-T Recommendation G.823 [8], ITU-T Recommendation G.824 [9] or network limits for the maximum output jitter and wander at any hierarchical interface of ITU-T Recommendation G.825 [10], whichever is applicable.
In case gNB is connected via Ethernet interface and the network supports Synchronous Ethernet, the gNB may use this interface to get frequency synchronization. In this case the design of the gNB clock should be done considering the jitter and wander performance requirements on the interface are as specified for output jitter and wander at EEC interfaces of ITU-T Recommendation G.8261/Y.1361 [11], defined in clause 9.2.1. Further considerations on Synchronous Ethernet recommendations and architectural aspects are defined in clause 12.2.1 and Annex A of ITU-T Recommendation G.8261/Y.1361 [11].
A configurable LTE TDD-offset of start frame shall be supported by all gNBs in synchronized TDD-unicast areas in order to achieve interoperability in coexistence scenarios. 
 


Proposal: it is proposed to agree to the change described above to address the concerns from ITU-T WG15
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
This paper described the reasons for the LS from ITU-T WG15 in R3-193344. The following observations were derived:
Observation: Maintaining a time reference not aligned to a common recognised time standard source leads to potential inter cell interference
Observation 2: by maintaining the continuous time reference within an operator’s network traceable to a common recognised time standard source such as UTC it is possible to avoid cross cell interference  
Observation 3: Cross cell interference is also avoided by calculating radio frames timing on the basis of a standardized reference point in time and by creating such timing on the output synchronously with the input synchronization reference
Observation 4: In order to avoid interference issues it is beneficial for all the cooperating operators in a given geographical area to be aligned to a common compatible frame structure


[bookmark: _GoBack]The paper also proposed to agree to a change to TS38.401, which is documented above and that is available in R3-195994
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