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3GPP™ Work Item Description

Information on Work Items can be found at http://www.3gpp.org/Work-Items 
See also the 3GPP Working Procedures, article 39 and the TSG Working Methods in 3GPP TR 21.900
Title: 
[DRAFT] New WID on NR Network Synchronization 
Acronym: NR_Sync 
Unique identifier: 
 
NOTE:
For new WIs/SIs leave the Unique identifier empty and make a proposal for an Acronym.


For a revised WI/SI: Take Unique identifier and acronym as shown in 3GPP workplan.


If this is a RAN WID including Core and Perf. part, then Title, Acronym and Unique identifier refer to the feature WI.


Please tick (X) the applicable box(es) in the table below:

Either:
	This WID includes a Core part
	

	This WID includes a Performance part
	



or:
	This WID includes a Testing part
	

	and it addresses the following 3GPP work area:
	Radio Access
	

	
	Core Network
	

	
	Services
	


1
Impacts 

	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	
	X
	
	

	No
	X
	X
	
	
	

	Don't know
	
	
	
	X
	


2
Classification of the Work Item and linked work items
2.1
Primary classification
This work item is a … {Tick one box. "Feature / Building Block / Work Task" form a hierarchical structure. E.g. no Building Block can be proposed without a corresponding parent Feature. The full structure of all existing Work Items is shown in the 3GPP Work Plan in ftp://ftp.3gpp.org/Information/WORK_PLAN } 
	
	Feature

	X
	Building Block

	
	Work Task

	
	Study Item


NOTE:
Normally, Core/Perf./Testing parts in RAN WIDs are Building Blocks. Only if they are under an SA or CT umbrella, we define them as work tasks. If you are in doubt, please contact MCC.
2.2
Parent Work Item 
	Parent Work Items 

	Unique ID
	Title

	
	


NOTE:
RAN agreed some time ago, that it describes the feature WI + Core/Perf. part WI or Testing part WI in one WID. Therefore the table above should just include the feature WI Unique ID and title.
2.3
Other related Work Items and dependencies
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	
	
	{optional free text} 

	
	
	{optional free text} 


NOTE:
Also related or dependent WIs/SIs in other TSGs should be indicated.
3
Justification

It is essential to support cost-effective techniques for precise frequency, time and phase synchronization for wireless networks.
According to TS 38.133, cell phase synchronization accuracy measured at BS antenna connectors for TDD networks shall be better than 3 µs. Cell phase synchronization accuracy is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that has overlapping coverage areas.
According to TS 38.104, frequency error is the measure of the difference between the actual BS transmitted frequency and the assigned frequency. The same source is used for RF frequency and data clock generation. The modulated carrier frequency of each NR carrier configured by the BS shall be accurate to within the accuracy range of ±0.05 ppm for wide area BS and within the accuracy range of ±0.1 ppm observed over 1 ms for all defined BS types. In addition, for supporting intra-band non-contiguous carrier aggregation and inter-band carrier aggregation with or without MIMO or TX diversity, TS 38.104 also defined the time alignment error (TAE) shall not exceed 3µs for both FR1 and FR2 and for both TDD and FDD systems.
The performance requirements of NR RAT-dependent positioning for Rel-16 is identified in TR 38.355. As a starting point for commercial use cases, the performance targets for RAT dependent solutions include horizontal positioning error is smaller than 3m (in outdoor deployments scenarios) and smaller than 10m (in outdoor deployments scenarios) for 80% of UEs. If we consider the 1ns error in timing equals to roughly 0.33m in distance, it is well-understood that the time, phase and frequency synchronization requirements for support NR RAT-dependent positioning for Rel-16 will be much stringent than the time, phase and frequency synchronization requirements for NR data communication.

There are a number of techniques commonly used for the time, phase and frequency synchronization of wireless networks. The most popular one may be the GNSS based technique, which is capable of supporting from µs-level and even to ns-level synchronization with the careful calibration of the hardware and software delays. The main drawback of GNSS based approach is that it is not suitable for environments where GNSS signals are weak or blocked. There is also significantly high installation and operational costs especially when outdoor antennas are installed for supporting the network synchronization for indoor BSs. Another popular approach is based on the IEEE 1588 PTP (Precision Time Protocol), which is based on a master/slave synchronization paradigm. The PTP estimates the time difference between the master and slave devices from the round-trip delay. The main drawback of the IEEE 1588 PTP is that synchronization accuracy is impacted by network asymmetry (delay difference between the send path and receive path) and Packet Delay Variation (PDV). A chain of network elements between the master and the slave with variable network load and varying queuing and processing delays can cause delay variations in the PTP messages. Changes in packet arrival time are problematic since the slave cannot identify the difference between variation in packet delay and a timing drift in the master.
Another technique for supporting the time, phase and frequency synchronization between BSs in a wireless networks is to use the reference signals transmitted from the BSs. For example, one NR cell may monitor the periodical DL reference signals from the system synchronization block (SSB) of a neighboring cell to obtain the time and frequency synchronization between the two cells. If one NR cell transmits the periodical DL positioning reference signals (PRS) for support NR positioning, a neighboring cell may also monitor the periodical DL PRS from the neighboring cell to achieve the time and frequency synchronization between the two cells. It is expected that the time synchronization accuracy based on PRS would be much better than that based on SSB due to larger transmission bandwidth and clear channel for PRS transmission (e.g., no data transmission in PRS symbols). If in addition to transmitting periodical reference signals, an NR cell also transmits the continuous reference signals (C-PRS), a neighboring cell may track the C-PRS with the phase locked loop, and when the PLL of one cell is phase-locked to C-PRS from another cell, the time, phase and frequency between the two BSs can be fully synchronized.
Supporting the time, phase and frequency synchronization of an NR wireless network based on the reference signals transmitted from its own cells offers a salient advantage over other network synchronization techniques. First, it works without the dependency of external RF signals; Secondly, it may save significant cost in the installation and implementation of the network; Thirdly, given that the technique is based directly on the reference signals transmitted from each cells (TPs), it is specially suitable for the scenarios where precise time, phase and frequency synchronization among the cells is required at the transmitting antennas of muiltple TRPs, including the coordinated transmission and interference concellation among multiple cells, the wireless communicaton based on the distributed antenna techniques, the RAT-dependent NR positioning (RSTD, Multi-RTT, etc.). Furthermore, the synchronization technique can be used to achieve the full time, phase and frequency synchronization for a wireless network, which is critical for supporting the location based applications where precise UE positioning (e.g., sub-meter level) is required. In summary, the technique of network synchronization based on NR reference signals is uniquely positioned to provide the benefits in terms of enhancement of the network synchronization performance and the reduction of the implementation complexity and cost.
4
Objective

4.1
Objective of SI or Core part WI or Testing part WI
The main objective of this working item is to evaluate and develop potential solutions to support frequency, time and phase synchronization requirements for NR wireless networks based on NR reference signals. The network synchronization requirements include not only those already defined in TS 38.104 and TS 38.133 for supporting the wireless data communications but also the potential network synchronization requirements for supporting NR positioning, which is currently not defined in 3GPP specification yet. It is commonly understood that the potential network synchronization requirements for supporting NR positioning needs to be much more stringent than those already directly defined in TS 38.104 and TS 38.133. The development of the network synchronization based on NR reference signals should also consider the availability, reliability, gNB implementation complexity, and taking into account a preference to maximize synergy for supporting NR data communication and NR positioning. The network synchronization based on NR reference signals shall exploit high bandwidth and network architecture/ functionalities and dense TRPs. NS based on NR-RS shall support indoors and outdoors BSs for both FR1 and FR2.
RAN1 centric objectives
· Explore the methods of supporting precise frequency, time, and phase synchronization for NR data communication and NR positioning based on NR radio network reference signals [RAN1]
· Identify the environments where the network synchronization based on NR signals may work properly, and/or more cost-effectively than GNSS-based and IEEE 1588 PTP based techniques [RAN1]
· Investigate and develop the NR reference signals and the methods for precise frequency, time, and phase synchronization for the Identified environments [RAN1]
RAN3 centric objectives
· Investigate and develop the high-layer architecture, protocols, messages, and configuration for supporting the synchronization approaches based on NR signals [RAN3, RAN2]

· Investigate the potential and benefits of the integration of NR-based and existing synchronization approaches for supporting precise frequency, time, and phase synchronization for whole NR networks [RAN3, RAN1, RAN2]

RAN4 centric objectives
· Define the core requirements for precise frequency, time, and phase synchronization for NR networks based on NR radio network reference signals [RAN4]

4.2
Objective of Performance part WI
NOTE:
Leave empty if the WI proposal does not contain a RAN performance part.

RAN4 centric objectives
· Define corresponding performance requirements and test cases for precise frequency, time, and phase synchronization for NR networks based on NR radio network reference signals [RAN4]

4.3
RAN time budget request (not applicable to RAN5 WIs/SIs)
NOTE:
For all new RAN related WIs/SIs which are not led by RAN WG5 the WI/SI rapporteur has to fill out the attached Excel table to request time budgets for corresponding RAN WG meetings.
The Excel table has to be filled out for all affected RAN WGs and up to the target date of the WI/SI.
One time unit (TU) corresponds to ~ 2 hours in the meeting.
If no TU is needed, then leave the field empty otherwise enter a number >0 in the field.


For revisions of already approved WI/SI descriptions: Please remove the Excel table from the WID/SID's zip file. The time budgets are already recorded. If you want to modify them, then this has to be done via the status report and not via a revised WID/SID.


If this WID is covering Core and Performance part, then please fill out one line for each part in the attached Excel table.

additional comments to the time budget request in the attached Excel table:

5
Expected Output and Time scale

	New specifications {One line per specification. Create/delete lines as needed}

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	
	
	
	
	
	


{Note 1: Only TSs may contain normative provisions. Study Items shall create or impact only TRs.
"Internal TR" is intended for 3GPP internal use only whereas "External TR" may be transposed by OPs.}
NOTE:
If this is a RAN WI including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
By default a new specs can only be new for one of both parts.
	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	38.133
	NR; Requirements for support of radio resource management -Core
	89
	Core part

	38.133
	NR; Requirements for support of radio resource management -Performance
	91
	Performance part and test cases

	38.211
	Introduction of network synchronization
	89
	

	38.215
	Introduction of network synchronization
	89
	

	38.300
	NR; NR and NG-RAN Overall Description;Stage 2
	89
	

	38.401
	NG-RAN; Architecture description
	89
	

	38.413
	NG-RAN; NG Application Protocol (NGAP)
	89
	

	38.423
	NG-RAN; Xn application protocol (XnAP)
	89
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


NOTE:
If this is a RAN WI including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
If an existing spec is affected by both (Core part and Perf. part), then it has to be listed twice with appropriate approval dates.

6
Work item Rapporteur(s)
Name: TBD
Company: CATT
Email:
TBD
7
Work item leadership

Primary: RAN WG1

Secondary: RAN WG2, RAN WG3, RAN WG4
8
Aspects that involve other WGs
NOTE:
For RAN WIs: Section 8 applies only toWGs outside of TSG RAN because RAN WG aspects have to be covered in section 4.
9
Supporting Individual Members
	Supporting IM name

	

	

	

	

	

	


