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Introduction
In 3GPP RAN#96 meeting, Rel-18 Study Item on evolution of NR duplex operation has been approved with the target to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operation. According to the latest SID in [1], the study would be based on assumptions as below:
	· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges


And from regulatory perspective, one item needs to be considered by RAN4 as stated in the SID: 
	· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum.


In this document, an initial review of regulations related to TDD synchronisation which may exert constraints on the potential deployment of identified duplex enhancements in TDD unpaired spectrum has been provided.
Discussion
The study item on NR duplex evolution contains two directions for discussion as SBFD (sub-band non-overlapping full duplexer) and potential enhancement on dynamic/flexible TDD, which would bring changes to the frame structures applied by legacy TDD systems, shown in Figure 1 below taking SBFD operation as an example. 
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Figure 1: Legacy TDD operation Vs. SBFD operation 
Observation 1: The evolution of NR duplex operation would bring changes to the frame structures of legacy TDD operation and consequently may affect TDD synchronisation. 
Based on such observation, an initial review of the regulatory framework with regard to TDD synchronisation in Europe has been conducted.
ECC Decision (11)06
ECC Decision (11)06[2] provides the harmonised conditions for Mobile/Fixed Communications Networks (MFCN) operating in the frequency band 3400-3800 MHz, considering: 
……
(ee)	that in case of TDD MFCNs networks in the same geographical area, it may be beneficial to synchronise them (avoiding simultaneous uplink and downlink transmissions) in order to improve the efficient usage of spectrum by avoiding restricted blocks/guardbands between their networks.
It DECIDES: 
……
2.	that administrations wishing to implement MFCN in the 3400-3800 MHz band should follow the frequency arrangement given in Annex 1;
3.	that administrations wishing to implement MFCN in the 3400-3800 MHz band should follow the least restrictive technical conditions suitable for MFCN, given in Annex 2;
The least restrictive technical conditions defined in Annex 2 are in the form of block-edge masks (BEMs) including baselines limits for synchronised MFCN networks and restricted limits for unsynchronised and semi-synchronised MFCN networks to allow coexistence between MFCN applications in the 3400-3800 MHz band.
ECC Recommendation (15)01
Under the umbrella of ECC Decision (11)06, ECC Recommendation (15)01[3] provides guidance in case of synchronised and unsynchronised MFCN TDD systems operation in the 3400-3800 MHz frequency band. It recommends:
……
2.	that in case of MFCN TDD systems in the 3400-3800 MHz frequency band, administrations should preferably facilitate synchronised networks based on the guidance given in Annex 5, where possible, for efficient usage of the spectrum in border areas;
3.	that in case of MFCN TDD systems in the 3400-3800 MHz frequency band, administrations should preferably facilitate implementation of the frame structures recommended in ECC Recommendation (20)03 Annex 1 [4] in order to facilitate synchronisation and to implement Downlink Symbol Blanking (DSB) in border areas for efficient use of spectrum;
……
The Annex 5 of this Recommendation provides a toolbox to help administrations in cross-border situations for synchronised and unsynchronised operation. For synchronised operation, it is required all operators to agree on the same reference clock and on a compatible frame structure. In neighbouring countries where there is no need to ensure coexistence with LTE, the example of NR frames given in Table 1 may be used. 
Table 1: Examples of NR frame structures in ECC Recommendation (15)01
	Frame structure
	Subframe number

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	NR frame (SCS 30 kHz)
	DDSU
	D
	D
	S
	U
	D
	D
	S
	U
	D
	D
	S
	U
	D
	D
	S
	U
	D
	D
	S
	U

	NR frame (SCS 30 kHz)
	DDDSU
	D
	D
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	D
	S
	U



NR frame structures compatible with the LTE frame structure configuration n°2 are given to ensure compatibility with LTE systems allowing deployments close to the border. 
This Recommendation also has defined a coordination trigger value at the geographical border for unsynchronised TDD networks in the frequency band 3400-3800 MHz which may result in large distances from the border where neighbouring administrations will need to coordinate base stations deployment; such large distances may impact negatively coverage and services provisions at both sides of the border. 
In addition, frame structures in ECC Recommendation (20)03[4] Annex1 are recommended in order to facilitate synchronisation and to implement Downlink Symbol Blanking (DSB) in border areas for efficient use of spectrum as stated in recommends 3.
ECC Recommendation (20)03
In ECC Recommendation (20)03, it recommends: 
1. 	that CEPT administrations should use the frame structures defined in Annex 1 for especially outdoor TDD MFCN in the frequency band 3400-3800 MHz with an agreed common phase clock reference in order to facilitate cross-border coordination; 
……
Accordingly, two frame structures (Frame A and Frame B) for TDD MFCN have been defined in Annex 1 in order to facilitate cross-border coordination in the frequency band 3400-3800 MHz.
Table 2: Recommended frame structures for TDD MFCN cross-border coordination in 3400-3800 MHz in ECC Recommendation (20)03
	
	Frame A
	Frame B

	DL/UL slot pattern
	DDDSU DDDSU DDDSU DDDSU
(see note 1)
	DDDSUUDDDD DDDSUUDDDD
(see notes 1, 4)

	Frame duration
	10 ms
	10 ms

	Slot Duration
	0.5 ms
	0.5 ms

	Slot pattern periodicity
	2.5 ms
	5 ms

	Special slot “S” configuration 
(i.e., DL:GP:UL symbols)
	Downlink
	Guard period
	Uplink
	Downlink
	Guard period
(note 5)
	Uplink

	
	10
	2
	2
	6
	4
	4

	
	
	
	
	4
	6
	4

	Time base (see note 3)
	Start of UTC second epoch (see note 2) +/- 1.5 µs
	Start of UTC second epoch (see note 2) +/- 1.5 µs

	Note 1: D = Downlink slot; S = Special slot; U = Uplink slot 
Note 2: UTC = Coordinated Universal Time in accordance with Recommendation ITU-R TF.460 [5]. The typical measuring signal is 1 pps (pulse-per-second) signal from the clock device with the rising-edge materializing the exact second epoch.
Note 3: The start of frame (defined as the beginning of the first slot in the UL/DL pattern of the Table 1) has to be phase-synchronised with the time base. The start of the radio frame on the output shall be synchronous with the input time reference, i.e., when an UTC traceable reference is required, the start of the radio frame shall be aligned with the start time of the UTC second epoch. A configurable time-offset of start frame shall be supported by all base stations in synchronized TDD-unicast areas in order to achieve interoperability in coexistence scenarios.
Note 4: In terms of DL/UL slot pattern DDDSUUDDDD half-frame B is equivalent to the DDDDDDDSUU half-frame when a -2 ms or +3 ms time offset is applied. This means that, instead of frame B, operators may choose to implement two consecutive DDDDDDDSUU half-frames with proper time offset. 
Note 5: As mentioned in considering (h), different guard period sizes can still be implemented while retaining synchronised operation. It should be noted that the size of the guard period defines a corresponding geographical area where synchronised operation is effective. Increasing this guard period also increases the size of the synchronised area at the expense of some capacity loss and may contribute to solve some specific interference issues between far-away sites in line-of-sight with exceptional propagation conditions.



Observation 2: Several frame structures for TDD MFCN networks have been recommended by ECC to facilitate synchronisation in the frequency band 3400-3800 MHz.at boarder areas. However, unsychronised or semi-synchronised operation of TDD MFCN networks are not precluded with certain requirements and/or procedures of cross-boarder coordination between administrations. 
Conclusion
Observation 1: The evolution of NR duplex operation would bring changes to the frame structures of legacy TDD operation and consequently may affect TDD synchronisation. 

Observation 2: Several frame structures for TDD MFCN networks have been recommended by ECC to facilitate synchronisation in the frequency band 3400-3800 MHz.at boarder areas. However, unsychronised or semi-synchronised operation of TDD MFCN networks are not precluded with certain requirements and/or procedures of cross-boarder coordination between administrations.
Reference
[1] RP-221352, Revised SID: Study on evolution of NR duplex operation, CMCC.
[2] ECC Decision (11)06, Harmonised frequency arrangements and least restrictive technical conditions (LRTC) for mobile/fixed communications networks (MFCN) operating in the band 3400-3800 MHz, ECC.
[3] ECC Recommendation (15)01, Cross-border coordination for Mobile/Fixed Communications Networks (MFCN) in the frequency bands: 694-790 MHz, 1427-1518 MHz and 3400-3800 MHz, ECC.
[4] ECC Recommendation (20)03, Frame structures to facilitate cross-border coordination of TDD MFCN in the frequency band 3400-3800 MHz, ECC.
3GPP

image2.png
frequency

DL region

DL/UL region

region

DL region

time





image1.png
frequency

DL region

E
region

UL region

time





