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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. During the RAN1 discussion on frame structure, series of agreements have been achieved as listed below. In general, the NR frame structure is more flexible than LTE, which indicates the LTE signalling exchange scheme is no longer applicable for NR. In this contribution, how to achieve the NR frame structure signalling exchanged among gNBs is discussed. 
	Agreements:
· Regarding to the periodicity that included in the higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR, at least the following values are supported:

· [Roughly 0.125ms, roughly 0.25ms,] 0.5ms, 1ms, 2ms, 5ms, 10ms;

· Each periodicity is supported for particular SCS(s)/slot duration(s)

· FFS: details
Agreements:

· For semi-static DL/UL assignment 

· Cell-specific RRC configuration (SIB) + additionally UE-specific RRC configuration

· UE-specific RRC configuration only overwrites the “unknown” state of the cell-specific RRC configuration
Agreements:

· For the cell-specific higher layer signalling on semi-static DL/UL assignment, the transmission indication is in pattern of DL-unknown-UL. The signaling include: 

· For DL resources indication, the signaling include:

· Number of full DL slot(s) (x1) at the beginning of the period. Values for x1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)}
· Number of DL symbol(s) follow the full DL slots (x2). Values for x2 include {0,1,…, 13}

· For UL resource indication, the signaling include:

· Number of full UL slot(s) (y1) at the end of the period. Values for y1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)} 

· Number of UL symbol(s) (y2) preceeds full UL slots. Values for y2 include {0,1,…, 13} 

· The resource(s) in a period between DL and UL segments are unknown resources.

· FFS The UE does not receive and not transmit on ‘Unknown’ resources in cell-specific higher layer signalling if not otherwise indicated.
Agreements:

· For the UE-specific higher layer signalling on semi-static DL/UL assignment, 

· The signaling includes the indication as per slot basis, the signalling includes:

· Number of DL symbol(s) (y3) in the beginning of slot No.x3

· Values for x3 include {1,…, (Number of slots in a UL-DL switching periodicity)}
· Values for y3 include {0,1,…,13,14}
· Number of UL symbol(s) (y4) in end of slot No.x4

· Values for x4 include {1,…, (Number of slots in a UL-DL switching periodicity)}
· Values for y4 include {0,1,…,13,14}
· The resource(s) in a slot without DL/UL indication are unknown resource(s).

· FFS the UE does not receive and not transmit on ‘Unknown’ resources in UE-specific higher layer signalling if not otherwise indicated.

· FFS At most single DL/UL switching point exists in a UL-DL switching periodicity. 



2. Discussion on signalling exchange for NR frame structure 
LTE provides 7 DL/UL configurations and 10 special subframe configurations. By contrast, 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. In NR, it has been agreed that the more values of DL/UL switching periodicities are supported, including 0.5ms, 1ms, 2ms, 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:

In LTE, the frame structure pattern is signalled in SIB1 from eNB to the UE, which means it is a cell-specific signalling, and all the UEs in the cell needs to use the same pattern. By contrast, NR provides more flexible signalling in terms of the combination of cell-specific and UE-specific signalling. In particular, the cell-specific signalling can tell the UEs about the transmission direction for resources related to essential information, such as sync signal, broadcast system information, and PRACH. The transmission direction for other resources not related to the essential information can be signalled in UE-specific RRC signalling. Compared with the pure cell-specific signalling scheme in LTE, the combination signalling in NR can provide more flexibility for gNB to perform UE-specific configuration of DL/UL/unknown, as illustrated in Fig. 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.

[image: image1.emf]Signalling from 

gNB to UE

Xn signalling

DL

unkn

own

DL DL DL

unkn

own

unkn

own

UL UL

unkn

own

Cell-specific Cell-specific

unkn

own

DL DL UL

UE-specific 

UE-specific

unkn

own

DL

unkn

own

UL

UE-specific 

UE-specific 

UE1

UE2

DL resource upperbound

DL

unkn

own

DL DL DL UL UL DL DL UL

UL resource 

upperbound


Fig. 1. Indication for frame structure signalling
3. Conclusions 
In this contribution, the NR frame structure signalling that exchanged among gNB are 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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