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1 Introduction
I this contribution we make some observations regarding NR timing budget related to the fact that we will have many different services, environments to consider. We also point out that we cannot just state synchronization accuracy without considering other quality factors, at the same time, like holdover times. We conclude with a proposal for NR cell phase synchronization requirement, based on current input from RAN1 and RAN4.
2 Discussion

As presented in [1] there is a relation between switching time, synchronization error, allowed guard period and cell size.

The total overhead for the guard period relates to what kind of service are provided by the base station e.g. a base station supporting URLLC services with frequent TRX switching would result in relatively larger overhead than a base station for eMBB with less frequent switching. This would mean that a base station for eMBB could use longer guard period and thereby less strict synchronization requirement. On the other hand, a base station for URLLC might be less sensitive for costs related to synchronization and can afford a more capable oscillator due to the nature of the service.

The supported services could change over time as well as the need to optimize capacity based on increased traffic. A flexible approach allowing later upgrading to a more capable synchronization would be desirable. Initially for ease of deployment existing sites might be used and then there would be an advantage if legacy synchronization requirements could be used.

Observation 1: Among the multitude of possible 5G services a NR base station might not support the most demanding ones and therefore will not significantly benefit from very strict synchronization requirements.
In addition, different sites will have different possibilities to provide cost efficient and accurate synchronization e.g.  a direct connection
 to GNSS synchronization source can provide very good timing in clear view of sky conditions but in urban canyons or indoor either performance is reduced (multipath reflections) or it will simply not work at all (or only work part of the day). Multiple satellite systems together with e.g. assistance data would reduce impact in some environments but will of course not handle unfavourable radio propagation conditions.  

Observation 2:  In some installation environments a direct connection to GNSS synchronization source is very capable of providing accurate and cost-efficient synchronization while at others either its performance is reduced or it cannot provide any synchronization service at all.
5G will provide many new services, some of these requires very high availability. One of the weakness of GNSS is the ease of intentional or unintentional jamming. With new services introduced in 5G there might be an increased incentive for jamming than e.g. towards traditional MBB.
Observation 3:  The risk for intentional or unintentional jamming of GNSS and combination of new services in 5G would make it difficult to solely rely on local GNSS synchronization performance.

Even if a specific synchronization source e.g. a direct connection to GNSS could provide good synchronization accuracy there will be additional errors in the total timing budget up to the Antenna Reference Port (ARP). Especially for high availability, a large portion of the total timing budget is reserved for hold-over operation e.g. in case of GNSS jamming when timing is maintained by the base station internal oscillator. The amount of margin reserved for hold-over depends on a combination of internal oscillator stability and required hold-over duration (which relates to availability). Naturally if tighten the ARP timing error, the budget for holdover also decreases. This means less holdover duration for the same clock source (or that a more capable and expensive oscillator will be needed to maintain the same holdover time). 

Note: Generally, the oscillator performance also improve over time however relatively larger temperature variations could be expected in a lean NR architecture, temperature variations generally impact oscillator stability in a negative way. 
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Figure 1. Example of total ARP total timing budget.
Note: The combination of GNSS with solutions where timing is carried over the network (PTP) or through Radio Interface Based Synchronization (RIBS), leads to similar considerations.
TDD Cell Phase Synchronization is a mandatory requirement and that must be met also during network (or GNSS) failure periods (with, for instance, duration of at least 1 to 3 days, but longer periods being often desired); This means that a suitable portion of the TDD Cell Phase Synchronization requirement is allocated as holdover budget (see as an example ITU-T Recc. G.8271.1 Appendix V).
Observation 4: A large part of NR cell phase synchronization requirement has to be assigned to hold-over operation, to ensure high availability services.
Following the ITU-T recommendations, current sync networks are being designed to distribute sync in the +/-1.5 us range (including Holdover budget as mentioned earlier). It is true that some networks may be able to provide much better performance, but it will not be possible to assume that “all” networks will meet more stringent requirements than 1.5 us (including holdover budget) in the next few years (as this would imply relevant additional CAPEX and OPEX costs). 
Observation 5: Existing networks distribute sync in the +/-1.5 us range (including Holdover budget as mentioned earlier).
One can expect that the final latency requirements for NR will be stricter than today. One idea would be to require lower switch transient times for wider subcarrier spacing. This would allow for more frequent TRX switching for the same overhead for higher subcarrier numerologies. In [2] we have UE transient times of: 

· 5-10 µs for < 6 GHz. 


· 5 µs for mmW

RAN1 has decided that subcarrier spacing (SCS) is a function of frequency where:
· SCS = 15, 30, 60 kHz for < 6 GHz

· SCS = 60, 120, 240 kHz for mmW
If we set TSync to 3 µs (±1.5 µs) we can use the formula in [3] to calculate the theoretical cell radius. If we start with 15 kHz subcarrier spacing and 1 symbol for GP every 28 symbols, 2 ms TRX switching period (at least 2.5 times faster than today) and an overhead of 3.5%. If we then continue with 30 kHz subcarrier spacing, we get 1 ms TRX switch period. We then continue with 60 kHz in the same way. This means that the TRX period reduces and the latency can be proportionally lower, if we accept smaller cells sizes. For 120 kHz, we add 1 symbol of GP and balance with maintaining TRX switching period, as show in Table 1 below. 
Obviously, the UE requirement plays a vital role, as can be seen from the GP formula where:

max ((TBS on( off), (TUE off( on)) + max ((TBS off( on), (TUE on( off)) is used.

TGUARD ≥ 2* TSync + 2*Tprop_cell edge +max ((TBS on( off), (TUE off( on)) + max ((TBS off( on), (TUE on( off))  

However, in this document we focus on the gNB only and simplify to:

TGUARD ≥ 2* TSync + 2*Tprop_cell edge + (TBS on( off + TBS off( on) 
If we focus on the cell edge propagation time we get:

Tprop_cell edge ≥ (TGUARD  - 2* TSync - (TBS on( off + TBS off( on))/2 

This can be summarised in table 1, where we have focused on SCS of 15 and 30 kHz for the < 6 kHz case and SCS of 60 and 120 kHz for the mmW case. The current UE transients from [2] have been used. In this example, we have configured bigger cell sizes for the < 6 GHz cases (15, 30 kHz SCS) and smaller cell sizes for mmW (60, 120 kHz).

The main point is to show the feasibility of requirements. This is an example. If the TRX switching period is lower, the overhead is lower and so on. All TDD systems have to have configurable guard. LTE has GP of 1 to 10 symbols in different SF configurations.

	SCS
	15
	30
	60
	120

	Tsync (us)
	3.0
	3.0
	3.0
	3.0

	symbol duration (us)
	71.4
	35.7
	17.9
	8.9

	GP (#symbols)
	1
	1
	1
	2

	Transient (us)
	10.0
	10.0
	5.0
	5.0

	Tcell edge (us)
	22.7
	4.9
	0.9
	0.9

	MAX Theoretical Distance cell edge (m)
	6813.0
	1456.5
	278.3
	278.3

	TRX switching period (ms)
	2.0
	1.0
	0.5
	0.5

	GP OH (%)
	3.6%
	3.6%
	3.6%
	3.6%


Table 1: MAX Theoretical Distance cell edge and GP overhead with transient times as a function of 
              subcarrier spacing
Based on the observations 1-5 above we propose:
Proposal: Assume Cell Phase Synchronization of ±1.5 µs as a baseline for NR requirement.
3 Conclusion

Observation 1: Among the multitude of possible 5G services a NR base station might not support the most demanding ones and therefore will not significantly benefit from very strict synchronization requirements.
Observation 2:  In some installation environments a direct connection to GNSS synchronization source is very capable of providing accurate and cost-efficient synchronization while at others either its performance is reduced or it cannot provide any synchronization service at all.

Observation 3:  The risk for intentional or unintentional jamming of GNSS and combination of new services in 5G would make it difficult to solely rely on local GNSS synchronization performance.

Observation 4: A large part of NR cell phase synchronization requirement has to be assigned to hold-over operation, to ensure high availability services.

Observation 5: Existing networks distribute sync in the +/-1.5 us range.
Proposal: Assume Cell Phase Synchronization of ±1.5 µs as a baseline for NR requirement.
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� Most available synchronization methods have GNSS as source somewhere in the chain but total timing error degrades at distribution.






