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1
Introduction

In previous RAN2#107bis meeting, we reached agreements for accurate reference timing as below:
· SIB9 is used for accurate reference timing delivery by broadcast.

· DLInformationTransfer message is used for serving cell’s accurate reference timing delivery by unicast.

· R2 assumes there will be no particular functionality to ensure accurate timing distribution at the moment of handover in Rel-16

· The uncertainty of reference time info is unspecified, if the uncertainty field is absent.

· We send an LS: RAN2 asks SA2 to provide information on whether and how the need for reference time information can be determined for any given connected UE

· FFS if The referenceSFN field indicates the time at the ending boundary of the SFN indicated by referenceSFN of PCell.

In this paper, we would like to further discuss the remaining issues on accurate reference time delivery.
2
Discussion
· Remaining issue#1: Propagation delay compensation

In the latest LS received from RAN1 and RAN4 (R2-1914313, R2-1912743), the discussion regarding UE based compensation by using TA value (i.e. NTA×Tc/2, and not to include NTA_offset) has no conclusion in RAN1, and RAN4 also will not define performance requirement and related testing for time synchronization accuracy over Uu interface in Rel-16. Based on this, we could conclude that only network based propagation delay compensation approach is possible in Rel-16 and the detail solution should be up to network implementation.

Proposal1: Propagation delay compensation is up to network implementation in Rel-16. 
· Remaining issue#2: uncertainty encoding

In the previous meeting, uncertainty encoding was discussed, but there was no agreement reached. Generally, there are two approaches as below:

· Option1: uncertainty filed indicate multiple of refTenNanoSeconds field.

· Option1A: with linear value range.
· Option1B: with non-linear value range.

· Option2: uncertainty field indicate number of LSBs which may be inaccurate.(LTE baseline)

First question what is maximum inaccurate value that uncertainty field should represent, [1][2][3][6] indicate maximum uncertainty of reference time should be 1ms (same as LTE). [4] indicates maximum uncertainty should be 640ns . [5] indicates 20μs as shown in the following table1.  Considering the synchronization accuracy requirement is 1~20μs and maximum sync error for both uu interface and backhaul as shown in the ANNEX[9], we do not see a big necessity to specify maximum uncertainty value to 1ms.
Observation1: The proposed requirement of maximum value for uncertainty field is not aligned among companies.
Proposal 2: The maximum value for uncertainty field could be 20μs.
Second question raised is if uncertainty field indicate number of LSB, the inaccuracy range (±5ns, ±10ns, ±20ns, ±40ns, ±80ns, ±160ns, ±320ns, ±640ns, …) cannot cover accuracy level of ±400ns, ±500ns… ±700ns, ±8000ns… i.e. do we need to consider the finer granularity of uncertainty value range. The finer value range has to sacrifice with bigger signaling overhead. For simplicity and saving bits of signaling, LTE approach defining 12 values indicating LSB of time inaccuracy is one way. However, if we carefully look at this sync error, based on the summary of maximum sync error for Uu interface and backhaul in ANNEX, the worst sync error for Uu interface is concentrating from 200ns to 600ns, and multiple of 40/100ns for backhaul depending on the (g)PTP hop number. Therefore, by using the LTE approach, the value range especially from 300ns to 1000ns is too coarse to cover the sync error ,  uncertainty value range is better to have a finer granularity at least with 50ns with linear value range in 0~1μs.
Observation2: Finer granularity of uncertainty value at least 50ns with linear value range is needed under 1μs range.

Proposal3: RAN2 specify finer granularity of uncertainty value at least 50ns with linear value range under  1μs.
 








Table1: Summary of encoding of uncertainty field 

	#1.what is the maximum uncertainty value
	#2. If uncertainty field indicate number of LSB that is inaccurate, how much value is needed?
	#3. Support for uncertainty field indicate multiple of refTenNanoSeconds field.
	#4. Allowed Overhead

	1ms:  [1][2][3][6]
	INTERER(0..17): [1][2][3]
	Granularity of 5ns with value range 0~100000: [2]
	17bits [2]

	20μs: [5]
	INTEGER(0..12):[5]
	Granularity of 25ns or  50ns:[6]
	5 bits [1][3]

	640ns: [4]
	INTERGER(0..6): [4]
	
	4 bits [5]

	
	
	
	3 bits [4]


· Remaining issue#3: FFS if the referenceSFN field indicates the time at the ending boundary of the SFN indicated by referenceSFN of PCell.
Based on the discussion [10] in the previous meeting, there is a common understanding that if referenceTimeInfo is included in SIB9, referenceSFN field should indicate the time at the ending boundary of the SFN of PCell. If refernceTimeInfo is included in DLInformationTransfer which is transmitted in SCell, for ideally synchronized network, the SFN boundary indicated by referenceSFN of PCell and SCell should be the same. However, some companies raised a concern that in realistic deployment, there may exist slight timing difference between PCell and SCell. In such a case, it may be inappropriate to send ReferenceTimeInfo in SCell with potential network sync error existing.  For simplicity, no matter with carrier aggregation or not, it is better to restrict the referenceSFN field to indicate the time at the ending boundary of the SFN of PCell.

Proposal4: ReferenceSFN field indicates the time at the ending boundary of the SFN of PCell.
3. Conclusion

Based on the discussion in the previous sections, we made the following observations and proposals: 
Observation1: The proposed requirement of maximum value for uncertainty field is not aligned among companies.
Observation2: Finer granularity of uncertainty value at least 50ns with linear value range is needed under 1μs range.

Proposal1: Propagation delay compensation is up to network implementation in Rel-16.
Proposal2: The maximum value for uncertainty field could be 20μs.

Proposal3: RAN2 specify finer granularity of uncertainty value at least 50ns with linear value range under  1μs.
Proposal4: referenceSFN field indicates the time at the ending boundary of the SFN indicated by referenceSFN of PCell.
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5 ANNEX (excerpted from TR38.825)
TR 38.825 Table 6.3.2.4-1: Summary of maximum timing synchronization error results for 
different inter-site distances without UE propagation delay compensation.

	
	15kHz SCS
	30kHz SCS
	60kHz SCS
	120kHz SCS

	Source
R1-1900156 [21]
	[-278ns,376ns]
	[-147ns,245ns]
	
	[-82ns,180ns]

	Source
R1-1900903 [30]
	355ns (114m ISD)
	
	
	

	Source
R1-1900935 [23]
	215ns (20m ISD)
315ns (60m ISD)
	
	
	

	Source (1) 
R1-1901072 [27]
	133ns (10m ISD)
	
	
	

	Source
R1-1901252 [24]
	506ns (20m ISD)
	441ns (20m ISD)
	343ns (20m ISD)
	

	Source
R1-1901353 [31]
	315ns (10m ISD)
350ns (20m ISD)
1080ns (250m ISD)
	
	
	

	Note (1):
Half of the reported values of R1-1901072 [27] are included in this table, to align the results with the other sources and to only account for gNB-to-UE and not UE-to-UE synchronization accuracy.


TR 38.825 Table 6.3.2.4-2: Summary of maximum timing synchronization error results 
with UE propagation delay compensation.

	
	15kHz SCS
	30kHz SCS
	60kHz SCS

	Source
R1-1900156 [21]
	488ns
	357.5ns
	276.5ns

	Source
R1-1901334 [22]
	505ns
	371ns
	287.5ns

	Source
R1-1900935 [23]
	472.5ns
	338.5ns
	

	Source
R1-1901252 [24]
	536ns
	438ns
	357ns


Based on the evaluation results, the following has been observed:

-
If a UE were not to apply propagation delay compensation, a gNB-to-UE timing synchronization accuracy of

-
130 to 376ns for an ISD of 10m (3 sources)

-
215 to 506ns for an ISD of 20m (3 sources)

-
315 ns for an ISD of 60m (1 source)

-
355ns for an ISD of 114m (1 source)

-
1080ns for an ISD of 250m (1 source)

Table 6.3.4.1-1: Maximum absolute time error (TE) between TSN GM clock and gNB

	Synchronization source
	Synchronization accuracy

	Local on-site GNSS receiver (GPS is TSN GM clock) 
	|TE| = 100 ns.

	Local on-site TSN GM clock
	TE is negligible.

	Remote TSN GM clock entity using cascaded PTP capable transport network connections
	|TE| ~N*40ns, where N is the number of PTP hops.
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