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1 Introduction
In the RAN1#85 meeting, agreements for frame structure in NR system were achieved [1]:
· At least the following should be supported for NR in a frequency portion
· A time interval X which can contain one or more of the following

· DL transmission part

· Guard

· UL transmission part

· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically

· Furthermore, the following is supported

· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals

· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals

· FFS length(s) of time interval X

· FFS: other characteristics of time interval X
· At least the following time domain structures should be studied/evaluated for NR

· DL transmission region (containing data assignments and data), guard region, UL transmission region (containing UCI)

· DL transmission region (containing data assignments), guard region, UL transmission region (containing data, UCI)

· Other structures not precluded

· Note: there is no assumption between the relationship of assignments and data in the above

· FFS: there can be guard region after the uplink transmission region.

· FFS: Study candidate solutions where 1 structure spans at most a time interval of 1 ms

· FFS: Metrics for study/evaluation

· Note: This does not preclude the same structure could span multiple 1 msecs
RAN1 #86 meeting concludes the following agreements about slot structure [2] 
· A slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part}

· FFS regarding the number of switching points, multiplexing of different use cases (e.g., multiplexing eMBB and URLLC use cases) and/or numerologies in the time domain

This paper first summarizes possible candidate slot structures in time domain for NR system. Then, this contribution provides some methods for slot structure and channel format indication.    
2 Discussion
2.1 Slot structure for NR system 
Based on current discussion and agreements in 3GPP meetings, the candidate slot structure in time domain can be summarized as two types which can be categorized into 4 different slot structures, as shown in Figure 1. Here, only one transmission direction under Type 1 (uni-direction, i.e., DL-only and UL-only), while both DL and UL transmission directions are comprised in Type 2 (bi-direction, i.e., DL-major and UL-major). 
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Figure 1 slot structures in time domain
Type 1: uni-directional structure

For such slot type, there is only one transmission direction within a slot, i.e., DL-only or UL-only. Such slot structure is also called as uni-direction slot to differentiate with the bi-directional slot structure comprising at least both DL and UL. 

Type 2: bi-directional structure

Bi-directional structure comprises DL transmission part, UL transmission part and potentially GP. According to duration of DL or UL transmission, it can be further categorized into DL-major and UL-major. Due to limited duration, the simple design is PUCCH/PRACH/SRS is supported in UL transmission part for DL-major slot, and only DL control channel is transmitted in the DL part of the UL-major slot. 
The main motivation to have bi-directional structure is to provide scheduling flexibility according to UL/DL traffic condition and system needs shown as follows.

· DL-major type can be allocated in a slot
· When both DL data and UL control transmissions are needed in the slot
· UL-major type can be allocated in a slot
· When both DL control and UL data transmissions are needed in the slot
Table 1 shows the system-level performance for dynamic TDD with and without bi-directional slot types.  From the table, bi-directional slot types provide better scheduling flexibility to achieve higher UE perceived throughput for dynamic TDD. However, bi-directional slot types introduce the GP overhead and it would degrade the system performance. Therefore, unless there is strong use case, it’s suggested to keep up to one switch point within a slot.
Table 1 System-level performance for dynamic TDD in indoor deployments
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Dynamic TDD with bi-directional 

slot type

TrafficRate 

(packets/sec)

0.4 0.6 0.4 0.6

Resource Utilization 19.65% 39.20% 19.01% 35.67%

DL Mean UPT 97.10 65.62 101.29 (4.32%) 74.09 (12.91%)

DL5%ile UPT 79.53 46.98 82.50 (3.73%) 52.66 (12.09%)

UL Mean UPT 23.03 15.50 45.86 (99.13%) 32.70 (110.97%)

UL 5%ile UPT 16.15 7.97 32.21 (99.44%) 19.19 (140.78%)


Proposal 1: For bi-directional slot types, single switch point within a slot should be supported in NR and FFS multiple switching points within a slot.
2.2  Slot structure indication
Since channel structure within a slot may vary in time domain according to the UL/DL traffic condition, slot structure should be indicated to UEs for correct signalling transmission or reception. Several possible approaches are proposed as: 1) Approach #1: UE-specific signalling; 2) Approach #2: broadcast signalling.

No matter which approach is applied, it’s preferred that the indication for slot structure can be transmitted dynamically for providing fast adaption to traffic load. 

Of course, to reduce signalling overhead and decoding complexity, the signalling overhead for indication should be small enough. A first alternative is 1-bit indication to indicate the slot structure is Type 1 or Type 2, and UEs determine the slot structure out of 4 candidates. Another alternative is 1-bit indicator to indicate DL-major or UL major is transmitted. Or 2-bit indication within DCI to indicate the one out of the four slot structures exactly.
Proposal 2: NR system should support at least L1 signalling for slot structure indication. 
2.3 Channel format determination
In general, the slot structure is comprised of at least one of the following components:

· DL control part
· DL data part
· UL control part
· UL data part
· GP

Then, UEs should also determine the boundary or switching point of each part /component to perform correct transmission or reception. Taking DL-major slot structure as an example, UE should determine the DL control channel format and DL data channel format, and perform DL->UL switching at appropriate OFDM symbol for UL transmission. 
To determine the channel format, a set of parameters can be considered to specify each component of the slot:

· Reference numerology: e.g., 15khz. It is used to specify a time unit jointly with the number of symbols for defining the time length of the component in the slot.

· Numerology of each component: e.g., 15/60/240Khz.
· Number of symbols with regard to the reference numerology (e.g., 15khz): 

· DL control part: 
· If present, the starting symbol is #0 and the ending symbol is #N of the slot.
· DL data part: 

· In unidirectional slot, the starting symbol is #N+1 and the ending symbol is the last symbol of the slot
· In bi-directional slot, the starting symbol is #N+1 and the ending symbol is #M of the slot where M <=X.
· In case of slot aggregation, the starting symbol can be #0 except the first slot.

· UL control part (TDM with UL data part):

· If present, the starting symbol is #X and the ending symbol is the last symbol of the slot.

· In case of bi-directional slot, X >= N.
· UL data part

· In unidirectional slot, the starting symbol is #0 and the ending symbol is the last symbol of the slot or #X-1 if UL control part is present.
· In bi-directional slot, the starting symbol is #Y where Y>=N. The ending symbol is the last symbol of the slot or #X-1/2 if UL control part is present. 
· GP

· GP can be derived implicitly based on the length of the other components and the slot length. 

Table 2 Example of configuration for each component

	Component part 
	Parameters (Symbol # with a 7-symbol slot)

	DL control part 
	· Starting symbol: {Null, #0, #N}

· Null is used for the UL-only subframe or the case of slot aggregation except the 1st slot
· N (>0) mainly considers URLLC case.
· Ending symbol: {Null, #0, #1, #M}
· M mainly considers URLLC case. 

· Some detail design can be referenced to [3]

	DL data part 
	· Slot aggregation: #0

· Uni-directional slot (DL-only subframe):

· Starting symbol: #N+1
· Ending symbol: #6
· Bi-directional slot:

· Starting symbol: #N+1

· Ending symbol: #4

	UL control part
	· Starting symbol: {Null, #0, #5, #6}

· Null is used for DL-only subframe, slot-based ACK/NACK, or the case of slot aggregation except the last slot
· UL control can occupy all symbols within a slot. 
· Ending symbol: {Null, #6}

	UL data part
	· Slot aggregation: #0

· Uni-directional slot (UL-only subframe):

· Starting symbol: #0

· Ending symbol: {#4, #5,#6}

· #4/5: if UL control part is present with 2/1 OFDM symbols
· #6: if UL control part is not present

· Bi-directional slot:

· Starting symbol: {DL parting ending +GPLength+1}
· Ending symbol: {#5,#6}

	GP
	· Length in time domain (e.g., 1 symbol)
· Mainly depends on coverage


Table 2 summarizes possible formats for each part at different slot structures. Since different channel formats with different transmission scheme and duration may multiplex within one slot for different UEs, in FDM or TDM way, some indications or predefined rules will be required for UE to determine the exact channel formats. And the designs may be slot-structure specific. For example, UL control part may be fixed as 1 OFDM symbol in DL-major slot, and all UEs can have same UL control format. However, in case of UL-only slot, different UL control channel formats may multiplex FDM within the same TTI, wherein the duration of each UL control channel format can be different. 
Proposal 3: Further study to minimize the configurations of channel formats within a slot.
3 Conclusion
In this contribution, we discussed possible slot structures in time domain and provided some methods for slot structure indication. Further, channel formats of each part within a slot are discussed. Finally, we propose that:
Proposal 1: For bi-directional slot types, single switch point within a slot should be supported in NR and FFS multiple switching points within a slot.
Proposal 2: NR system should support at least L1 signalling for slot structure indication.
Proposal 3: Further study to minimize the configurations of channel formats within a slot.
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