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Introduction
[bookmark: _Ref129681832]In the RAN1 previous meetings, the following agreements for new radio (NR) were achieved [1][2][3][4]:
•   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
In this contribution, both semi-static and dynamic operations which are applicable for paired and unpaired spectrum are discussed. Firstly the general signalling for configuration is discussed, and then specific configurations for semi-static operation and dynamic operation are discussed respectively. 
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
For semi-static operation, the assigned DL/UL transmission direction can be signaled to a UE by higher layer signaling. The higher layer signaling at least includes a periodicity where the configuration applies, a subset of resources with fixed DL transmission, and a subset of resources with fixed UL transmission. This higher layer signaling is preferred as system information e.g. RMSI, which is similar as LTE. Once the system information is received, it is expected that all UEs within the serving cell will know slot types (DL-only, UL-only, DL-centric, or UL-centric) of all slots within the periodicity. Accordingly, UE’s behavior shouldn’t be in conflict with the slot type configured by higher layer signaling (e.g. UE will not monitor NR-PDCCH in UL-only slot). 
Moreover, it has been agreed that strive for unified design regardless of whether the DL/UL resource partition is dynamic or semi-static. It prefers that the same higher layer signaling is also applicable for dynamic operation. In the RAN1 meeting #86, it was agreed that NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner. A UE should not assume the transmission directions for data of all slots during the periodicity, unless further signaling is received, i.e. ‘group-common PDCCH’ [5]. 
Proposal 1: The higher layer signalling for assignment of DL/UL transmission direction should be applicable for both dynamic and semi-static operation.
- For semi-static operation, UE will derive slot type for all slots within a periodicity by system information.
- For dynamic operation, UE could derive slot type for slots within a periodicity by system information and/or group-common PDCCH.
Configuration of semi-static operation 
For semi-static operation, the slot types (i.e. DL-only, DL-centric, UL-only, UL-centric) of all slots within a periodicity should be indicated by higher layer signaling. 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 NR, the following subcarrier spacing 15 kHz/30 kHz/60 kHz for sub 6GHz are supported, and the number of symbols within one slot is possible 7 or 14. Therefore, when 30kHz is employed with 10 slots and also possibly reuse current LTE DL/UL configurations, the periodicity will be 5ms and 2.5ms; and when 60kHz is employed with 10 slots, the periodicity will be 2.5ms and roughly 1.25ms. However, in current agreement, the following values 2.5ms, roughly 1.25ms are not supported. Therefore, at least 2.5ms should be included also as one of the candidates for the periodicity considering it can be applied both 30kHz and 60kHz. 
Proposal 2: The periodicity of 2.5ms should be supported for semi-static assignment of DL/UL transmission direction in NR. 
For the indication of specific slot types, there will be two options:
Option 1: Fully flexible UL/DL resource partition (i.e. no predefined DL/UL configurations)
Option 2: UL/DL resource partition based on predefined configurations
In Option 1, one of four slot types will be indicated for each slot by the higher layer signaling. If 2 bits is used to indicate one of the slot types as shown in Table 1 and all combinations of those four slot types within one periodicity are supported, there will be 2∙N bits, where N is the number of slots within one periodicity. For example, if there are 10 slots within one periodicity, N=10, the total number of bits required will be 20bits, and denoted by <b(0), b(1),…, b(19)>. Within the sequence of bits, every two consecutive bits <b(i), b(i+1)> corresponds to one of slot types for slot n, where i = 2∙n, and n ∈ {0,1,2,…,9}. The relationship between <b(i), b(i+1)> and slot types is given by Table 1. Although Option 1 provides full flexibilities of the UL/DL partition, the signaling overhead is also increased. 
Table 1 Example of slot types corresponds to value of slot type indication, <b(i), b(i+1)>. 
	Values for slot type indication
<b(i), b(i+1)>
	Slot type

	00
	UL-only

	01
	UL-centric

	10
	DL-centric

	11
	DL-only


In Option 2, the semi-static UL/DL partition can be based on some predefined UL/DL configurations. This option 2 is promising. On the one hand, it was already agreed that 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. Moreover, it could provide the chance that at least one of those predefined configurations could facilitate negotiations between different NR operators while guaranteeing their network performance. 
Accordingly, the semi-static UL/DL partition can be based on predefined UL/DL configurations. In LTE, 7 UL/DL configurations are predefined, and system information is used to indicate one of those configurations. In NR, it is agreed that strive for a limited number of semi-static DL/UL resource partition. Accordingly, the number of predefined UL/DL configurations should be minimized, even though there are more slot types are introduced. For example, LTE TDD UL/DL configuration 2 and 4 can be a starting point to be considered, as shown in Table 2. In order to maintain a minimum number of predefined configurations and provide more flexibility to assign UL/DL transmission direction, the indication information may also include slot-type information besides the information of UL/DL configurations. As an example, NR UL/DL configurations are shown in Table 2, where D* represent a D-slot and U* represent a U-slot. For the D-slot, it includes both DL-only type and DL-centric type; for the U-slot, it includes UL-only type and UL-centric type. Firstly, one of those configurations are indicated, e.g. configuration 0 is selected {D*, D*, U*, D*, D*, D*, D*, U*, D*, D*}, and 3 bits will be used. 
Table 2 Example of NR uplink-downlink configurations. 
	Uplink-downlink 
configuration
	Slot number

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	D*
	D*
	U*
	D*
	D*
	D*
	D*
	U*
	D*
	D*

	1
	D*
	D*
	U*
	U*
	D*
	D*
	D*
	D*
	D*
	D*

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…


Besides, indication information also indicates whether the slot is UL/DL-only or UL/DL-centric slot, e.g a sequence of bits will be used, {0, 1, 0, 1, 1, 0, 1, 1, 1, 1}. Each value indicates the slot-type for a corresponding slot. If the i-th value (where i ∈{0,1,2,3,4,5,6,7,8,9}) within the sequence is {1}, it means that the i-th slot is a UL/DL-centric slot; otherwise, it means i-th slot as a UL/DL-only slot. Correspondingly, a configured UL/DL configuration is shown in Fig. 1, where only the slot#0, slot#2 and slot#5 is UL/DL-only slots, other slots are UL/DL-centric slots. Since the indication for Option2 is based on predefined UL/DL configurations, less signaling overhead will be introduced. 
[image: ]
Fig. 1. One example of a configured UL/DL configuration for NR
Furthermore, the partitioning UL/DL within a UL/DL-centric slot for semi-static operation will also be indicated. As an example, both the starting position and duration of the GP will be indicated. For DL-centric slot, the indication of the starting position starts at the largest index of the OFDM symbol. Then the GP occupies those OFDM symbols from the starting position in a descending order of consecutive OFDM symbols. On the other hand, for UL-centric slot, the indication of the starting position starts at the smallest index of the OFDM symbol. Then the GP occupies those OFDM symbols from the starting position in an ascending order of consecutive OFDM symbols.
Proposal 3: Semi-static UL/DL resource partition can be configured based on predefined UL/DL configurations for NR. 
Configuration of dynamic operation 
For dynamic operation, both fixed DL resources and fixed UL resources are still required which is used to transmit/receive multiple essential signals, e.g. MIB transmission, synchronization signal, and/or reference signals. Accordingly, the slot for MIB transmission at least consists of DL transmission. As mentioned before in Section 2.1.1, for unified signaling design, UE does not assume the transmission directions for data of all slots during the periodicity. As discussed in our companion contribution, multiple active bandwidth parts of a serving cell with the same or different numerologies are needed [6]. Besides the common bandwidth part, there may be still need fixed DL/UL resources in other bandwidth parts. How to configure the fixed DL/UL resources in other bandwidth parts should be studied, it can be either implicitly linked with the common bandwidth part or explicitly indicated by other signalling. 
For other flexible resources, a UE can be informed to decode ‘group common PDCCH’ at each slot or at each group of slots.
· Per-slot basis: Decode ‘group common PDCCH’ per slot: ‘group common PDCCH’ is used to indicate the slot type where it has been received. 
· Per-group-slot basis: Decode ‘group common PDCCH’ per a group of slots: ‘group common PDCCH’ is used to indicate a batch of slot types. 
For per-slot basis, the transmission direction can be changed dynamically as mentioned in our companion contribution. On the other hand, for per-group-slot basis, higher layer signaling may be used to configure a set of candidates, and the ‘group common PDCCH’ can be used to indicate the index of the candidate at the beginning of each periodicity (e.g. 10 slots). For the case of multiple bandwidth parts (BP), the SFI for different bandwidth parts with the same or different numerologies activated within one serving cell may be different [7]. For example, the subcarrier spacing of BP1 is 15 kHz while the subcarrier spacing of BP2 is 30 kHz are in one wideband NR carrier shown in Fig. 2. When transmission directions (e.g. DL/UL) of slot/OFDM symbols are not aligned, it will cause cross-BP interference. Therefore, the misalignment of transmission direction for different bandwidth part should be avoided. How to efficiently indicate the slots formats for bandwidth parts with different numerologies needs to be studied. 
[image: ]
Fig.2. Indication of transmission direction for bandwidth parts with different numerologies
According to the agreement, other than the fixed DL/UL resources, the system information may also indicate “reserved/blank”. However, whether those resources can be considered as flexible resources (where the transmission direction can be changed dynamically) requires further study. If those “reserved/blank” has higher priority than ‘group common PDCCH’, the flexible resources will not include those “reserved/blank”. Otherwise, those resources can also be considered as flexible resources. In this case, UE may dynamic sharing resources with those semi-statically configured “reserved/blank” resources. 
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]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: The higher layer signalling for assignment of DL/UL transmission direction should be applicable for both dynamic and semi-static operation.
-  For semi-static operation, UE will derive slot type for all slots within a periodicity by system information.
-  For dynamic operation, UE could derive slot type for slots within a periodicity by system information and/or group-common PDCCH.
Proposal 2: The periodicity of 2.5ms should be supported for semi-static assignment of DL/UL transmission direction in NR. 
Proposal 3: Semi-static UL/DL resource partition can be configured based on predefined UL/DL configurations for NR. 
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