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Introduction
[bookmark: _Ref129681832]In the RAN1 previous meetings, some agreements related to DL/UL resource partition were achieved as listed in the Appendix [1][2][3][4][5][6][7]. In this contribution, both semi-static and dynamic operations which are applicable for paired and unpaired spectrum are discussed, and the contribution mainly focuses on configuration of semi-static operation and dynamic operation. 
Discussion
According to [1] [2], NR support both semi-statically assigned DL/UL transmission direction and dynamically assigned DL and UL transmission directions. Accordingly, we can come to following definition:
· Semi-static operation: UL/DL partition of all resources within a periodicity is semi-statically assigned.
· Dynamic operation: UL/DL partition of all or part of resource can be dynamically assigned, in addition, there may be still required some fixed UL/DL resources which is used to transmit/receive multiple essential signals, e.g., MIB transmission, synchronization signal, and/or reference signals.
Configuration of semi-static and dynamic operation
Configuration of semi-static operation 
According to the agreements in the RAN1#89 meeting, 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, where each periodicity is supported for particular SCS(s)/slot duration(s). In addition, 2.5ms should also be supported at least for subcarrier spacing 30 kHz. The number of slots corresponding to different periodicities and different subcarrier spacing is given in Table 1. It was agreed in RAN4 that 30 kHz is a default SCS for C-band. Both 2.5ms and 2ms have similar latency (2ms slightly lower) and overhead (2.5ms slightly lower, assuming a single switching point). However, with 2ms periodicity, the maximum number of SS blocks can be supported is 5, which cannot support 8 SS block thus result in coverage degradation. If 5ms is chosen for improving the coverage, then the latency would be increased. Therefore, 2.5ms should be supported also. With 2.5ms periodicity, up to 8 SS blocks can be supported while there is only very small difference from latency perspective.     
Table 1 Number of slots for different SCSs and cell-specific configured periodicity.
	Subcarrier spacing (kHz)

	Cell-specific configured periodicity (ms)
	15
	30

	[0.125]
	\
	\

	[0.25]
	\
	\

	0.5
	\
	1

	1
	1
	2

	2
	2
	4

	2.5
	\
	5

	5
	5
	10

	10
	10
	20


In addition, it was agreed that the periodicity of CSI-RS configuration and CSI reporting are the multiples of 5 slots, e.g., 5 slots or 10 slots. For both CSI-RS configuration and CSI reporting, 5 slots and 10 slots are not supported by the periodicity of 2ms with DL-unknown-UL slot pattern, while the periodicity of 2.5ms can support both 5 slots and 10 slots. For simplicity and flexibility, 2.5ms periodicity should also be supported for semi-static DL/UL assignment.  
Proposal 1: Support the periodicity of 2.5ms for semi-static assignment of DL/UL transmission direction in NR. 
According to the agreements in the RAN1#90bis meeting, for the cell-specific higher layer signaling on semi-static DL/UL assignment, the resource(s) in a period between DL and UL segments are unknown resources; and for the UE-specific higher layer signaling on semi-static DL/UL assignment, the resource(s) in a slot without DL/UL indication are unknown resource(s). In addition, the gap for DL/UL switching should also be specified. The gap can be part of unknown, which is not configured as reserved resource by RRC or overwritten to fixed DL and fixed UL by UE-specific RRC signaling. 
In addition to the cell-specific higher layer signalling on semi-static DL/UL assignment, UE-specific higher layer signalling has been agreed to configure DL/UL resources on per-slot basis. For resources indication on per-slot basis, the higher layer signalling needs to indicate the Number of DL symbol(s) (y3) in the beginning of slot No.x3 and Number of UL symbol(s) (y4) in end of slot No.x4. If both DL symbol(s) and UL symbol(s) are located in the same slot, it seems signalling of x3 and x4 are redundant. An alternative is to reuse the slot format table for dynamic SFI and a SFI index can be configured by the UE-specific higher layer signalling. 
Configuration of dynamic operation 
For the case of multiple bandwidth parts (BWP), it has been agreed that different BWPs can have same or different numerologies. The semi-static DL/UL resource assignments configured by UE-specific higher layer signalling for different BWPs in one wideband carrier should not be conflicted with each other. For example, the subcarrier spacing of BWP1 is 15 kHz while the subcarrier spacing of BWP2 is 30 kHz in one NR carrier shown in Fig. 1. When transmission directions (e.g. DL/UL) of slot/OFDM symbols are not aligned, it will cause cross-BWP interference. Therefore, the misalignment of transmission direction for different BWP within the same band should be avoided. For simplicity, the semi-static DL/UL resources on one BWP can be derived by the reference semi-static DL/UL resource assignment on the reference BWP, e.g., the beginning and ending timing of each DL/UL resources are aligned for these two BPWs. 
Proposal 2: Semi-static DL/UL resource assignment by UE-specific higher layer signaling on one of the configured BWPs (e.g. initial BWP) can be indicated as the reference semi-static DL/UL resource assignment for other BWP(s). 
[image: ]
Fig.1. Indication of transmission direction for bandwidth parts with different numerologies
Further details for coexistence NR and LTE 
Based on the latest agreements achieved in RAN1#90bis meeting, the transmission indication is in pattern of DL-unknown-UL for one UL-DL switching periodicity. To enable efficient adjacent channel co-existence with LTE-TDD using UL-DL configurations 0,1,2,3,4,5 in unpaired spectrum, one slot offset needs to be introduced to guarantee the alignments between the slots configured by the cell-specific higher layer signalling in NR and the slots configured in LTE-TDD using UL-DL configurations 0,1,2,3,4,5. For example, for the periodicity of 10ms and 15 kHz SCS, to achieve co-existence with UL-DL configuration 2 in LTE-TDD, the semi-static DL/UL resources can be configured as follow:
Table 2 One example of co-existence between NR and LTE-TDD UL-DL configuration 2
	
	One Periodicity  
	One Periodicity  

	Slot
	0
	1
	2
	3
	4
	0
	1
	2
	3
	4

	LTE  
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D


                                                                                                               
	Slot
	0
	1
	2
	3
	4
	0
	1
	2
	3
	4

	NR
	D
	D
	D
	D-Un-U
	U
	D
	D
	D
	D-Un-U
	U


From the table above, we can see that DL/UL resources configuration in one periodicity by NR in order of DL-unknown-UL and one slot offset, i.e., N = 2 is introduced to align the slots configured by LTE-TDD configuration 2. Similarly, to support the co-existence with other LTE-TDD configurations, one slot offset table is given as follow:
Table 3 Slot offset for LTE-TDDUL-DL configurations 0~5
	LTE-TDD Configuration
	0
	1
	2
	3
	4
	5

	Periodicity
	5ms
	5ms
	5ms
	10ms
	10ms
	10ms

	Slot Offset
	0
	1
	2
	5
	6
	7


Proposal 3: Slot-level offset should be supported to guarantee the corresponding slots alignment between NR and LTE-TDD within the periodicity.  
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _GoBack]In this contribution, several aspects on dynamic and semi-static DL/UL resource partition which are applicable for paired and unpaired spectrum are discussed, specifically focusing on the dynamic and semi-static operation, and their configuration. Based on the discussion, we have the following proposals:
Proposal 1: Support the periodicity of 2.5ms for semi-static assignment of DL/UL transmission direction in NR. 
Proposal 2: Semi-static DL/UL resource assignment by UE-specific higher layer signaling on one of the configured BWPs (e.g. initial BWP) can be indicated as the reference semi-static DL/UL resource assignment for other BWP(s). 
Proposal 3: Slot-level offset should be supported to guarantee the corresponding slots alignment between NR and LTE-TDD within the periodicity.  
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Appendix
In the RAN1 previous meetings, the following agreements or working assumptions related to DL/UL resource partition were achieved [1][2][3][4][5][6][7]:    
Agreements
For adjacent channel/band operation of NR and LTE in the unpaired spectrum
– Design at least one semi-statically assigned DL/UL transmission direction configuration for NR that avoids DL/UL interference with at least one LTE TDD DL/UL configuration and special subframe configuration. 
– This does not preclude at most one semi-statically DL/UL transmission direction configuration in NR specification. 
· From UE signaling perspective,
· The higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR can achieve at least the followings
· A periodicity where the configuration applies; 
· FFS: Detailed periodicity set; 
· FFS: how to achieve the signaling of periodicity
· A subset of resources with fixed DL transmission;
· FFS: The subset of resources can be assigned in granularity of slot and/or symbol;
· A subset of resources with fixed UL transmission;
· Resources with fixed UL transmission happens in the ending part of the periodicity is supported;
· FFS: The subset of resources can be assigned in granularity of slot and/or symbol;
· FFS: Other resources not indicated as “fixed UL” or “fixed DL” or “reserved/blank” can be considered as “flexible resource”, where transmission direction can be changed dynamically.
· Strive for unified design regardless of whether the DL/UL resource partition is dynamic or semi-static
· Strive for a limited number of semi-static DL/UL resource partition.
· 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
· NR supports efficient adjacent channel co-existence with LTE-TDD using UL-DL configurations 0,1,2,3,4,5 in unpaired spectrum  
· FFS detailed mechanism
· NR supports efficient adjacent channel co-existence with LTE-TDD using all the special subframe configurations in unpaired spectrum
· Confirm the following WA 
· ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.
· ‘Unknown’ is signalled at least by SFI in a group-common PDCCH
· FFS: Possibility of overridden by some types of RRC (e.g., measurement configuration)
· ‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.
· ‘Reserved’ is signalled at least by RRC
· FFS: handling of ‘gap’
· For semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration.
· 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
· 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.
· 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. 
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