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1. Introduction

Similar as the backhaul signalling exchange of UL-DL subframe configurations among eNBs that have specified in LTE, gNB also needs to exchange the NR frame structure, so as to allow NR cells known the frame structure configuration of each other, to assist inter-cell/inter-operator DL/UL transmission alignment, DL/UL interference coordination, etc. Recently, there is a LS exchange between RAN3 and RAN1 on the NR UL/DL subframe configuration for TDD. In this contribution, we further discuss how to achieve the NR frame structure signalling exchanged among gNBs based on the information provided by RAN1. 
2. Discussion 
At last meeting, RAN3 inquired RAN1 about the parameters required for RAN3 work on X2 signalling between eNB and en-gNB enabling LTE-NR dual connectivity (EN-DC) for non-standalone (NSA) deployment option.
RAN1 provided response on the NR UL/DL subframe configuration for TDD as below, 

NR UL/DL subframe configuration for TDD, based on RAN1 definition

In NR each slot can be dynamically scheduled to transmit on either uplink or downlink, or the slot could include both a DL part and an UL part. Slots (and symbols within a slot) can be RRC configured to be UL or DL or an ‘undefined’ state that can be dynamically allocated to UL or DL. It is possible to effectively create similar subframe configurations as in TD-LTE by configuring a UE with a repeating UL/DL transmission pattern, however there is no similar small table of such subframe configurations as in TD-LTE.
RAN1 recommended the following parameters to RAN2, final parameters are up to RAN2.
	RRC configured UL-DL configuration of slots for NR
	number-of-DL-slots, number-of-DL-symbols-common, number-of-UL-slots, number-of-UL-symbols-common, DL-UL-transmission-periodicity, reference-SCS

	DL-UL transmission periodicity values for UL-DL-configuration
	0.5ms, 0.625ms, 1ms, 1.25ms, 2ms, 2.5ms, 5ms, 10ms

	Number of consecutive DL symbols
	0,1,2,3,…,14

	Number of consecutive UL symbols
	0,1,2,3,…,14

	Slot index for indicating number of DL symbols
	1,2,3,…, total number of slots based on DL-UL-transmission-periodicity

	Slot index for indicating number of UL symbols
	1,2,3,…, total number of slots based on DL-UL-transmission-periodicity


Although the liaison is about by the X2 signalling for NSA, the NR frame structure information provided by RAN1 can be also applied for defining backhaul signalling between gNBs. As indicated in the LS, the NR frame structure can provide more flexibility than LTE in the aspects of more DL/UL switching periodicities and more flexible signalling. Based on the new characteristics, the NR frame structure signalling exchange among gNBs cannot simply reuse the scheme that applied in LTE. 
1) More DL/UL switching periodicities:
In LTE, 5ms and 10ms DL/UL switching periodicities are supported by the seven DL/UL configurations. By contrast, more values of DL/UL switching periodicities are supported in NR, as per LS shows, 0.5ms, 0.625ms, 1ms, 1.25ms, 2ms, 2.5ms, 5ms and 10ms. One value shall be chosen by NR gNB and signalled to the UE. Considering RAN1 NR specification will not define specific DL/UL configurations which can implicitly indicates the DL/UL switching periodicity, it is necessary to exchange the DL/UL switching periodicity value explicitly among gNBs, to allow neighbouring cell know such configuration. 
Proposal 1: Signalling that exchanged among gNBs should include the explicit DL/UL switching periodicity applied by the cell. 
2) More flexible signalling:

Compared with the pure cell-specific signalling scheme in LTE, the combination of cell-specific and UE-specific signalling in NR can provide more flexibility for gNB to perform UE-specific configuration of DL/UL/unknown, as illustrated in Figure 1. 
Considering the inter-cell signalling exchange, the signalling of the cell-specific signalling in NR is not enough, since the cell-specific signalling only covers part of the resources that used by the cell. If the UE-specific signalling is exchanged, it would be quite a burden on the signalling overhead, since there might be considerable UE-specific configurations. In addition, since the UE-specific configuration might be changed subject to the RRC connection and release of UEs, the UE-specific signalling may need to be updated frequently. 
To solve such issue, it is proposed to exchange a pattern that includes the DL and UL resource upper bound that the gNB can use. One example is illustrated in Fig. 1. Considering a semi-static DL/UL switching periodicity of 5ms with 30 kHz numerology in the example. The Xn signalling can exchange a pattern that maximum of 6 DL slots and maximum of 3UL slots can be used by the cell. With such restriction, the DL and UL resources assigned by the gNB to the UE, which including the resources that assigned by both cell-specific and UE-specific signalling, can only be chosen in the corresponding DL and UL resources that covered by the upper bound.  
Proposal 2: Signalling that exchanged among gNBs for NR frame structure should provide a pattern which covers the DL and UL resources upper bound that the gNB can use. 
Proposal 3: The DL and UL resources assigned by the gNB to the UE, which includes the resources that assigned by both cell-specific and UE-specific signalling, can only be chosen in the corresponding DL and UL resources that covered by the upper bound that exchanged among gNBs.
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Figure 1 Indication for frame structure signalling
3. Conclusions 
In this contribution, the NR frame structure signalling that exchanged among gNB is discussed, and we propose that:

Proposal 1: Signalling that exchanged among gNBs should include the explicit DL/UL switching periodicity applied by the cell. 
Proposal 2: Signalling that exchanged among gNBs for NR frame structure should provide a pattern which covers the DL and UL resources upper bound that the gNB can use. 
Proposal 3: The DL and UL resources assigned by the gNB to the UE, which includes the resources that assigned by both cell-specific and UE-specific signalling, can only be chosen in the corresponding DL and UL resources that covered by the upper bound that exchanged among gNBs.
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