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1. Introduction

In NR, the slot formats for one or multiple slots are signaled to the UE using semi-static signaling and/or dynamic signaling. The semi-static signaling includes cell-specific RRC configuration from SIB and additionally UE-specific RRC configuration. The dynamic signaling, which is denoted by slot format related information (SFI), is carried in group common PDCCH. 

For TDD, four slot formats including DL only slot, UL only slot, DL centric slot, and UL centric slot, can be used for different purpose. For example, DL only slot and UL only slot can be used for normal latency operation. DL centric slot and UL centric slot can be used for aggressive (short) latency operation. 

Until now, there is little discussion on the slot format of FDD. Intuitively, full DL only slot and full UL only slot can be used for FDD. However, as mentioned in [1], the latency is larger than the case of self-contained TDD slot (see Table 1). 

	
	Short PUCCH
	Long PUCCH

	Minimal DL latency
	3 slots
	4 slots

	Minimal UL latency
	3 slots
	3 slots


Table 1 Minimal DL/UL latency for full slot FDD
To achieve similar latency as self-contained TDD, both mini-slot and partial DL/UL slot format can be considered. When the partial DL/UL slot format are used, FDD can achieve the same latency as self-contained TDD slot (see Table 2).
	
	Short PUCCH
	Long PUCCH

	Minimal DL latency
	2 slots
	3 slots

	Minimal UL latency
	2 slots
	2 slots


Table 2 Minimal DL/UL latency for partial slot FDD
However, the concerns of mini-slot and partial DL/UL slot format are, respectively, control overhead and spectral efficiency. In this paper, we provide our views on these two issues.


2. Mini-slot structure for FDD
To have similar latency as self-contained TDD, mini-slot can be considered for FDD operation. For example, assume that 7 symbols min-slot is considered as shown in Figure 1. In this case the minimal DL/UL HARQ process number is unchanged but the delay halves due to the short mini-slot duration. The major concerns of this structure is the control overhead and UE decoding complexity. Similar issues have been discussed in Rel.15 sPDCCH design for shortened TTI. 

Thus, in our view, to solve this problem we can starts from 7 symbols mini-slot (lower overhead case) and use Rel. 15 sTTI design as the baseline.

Proposal 1. Seven symbols mini-slot can be consider as one slot structure of NR FDD. 
· Rel. 15 sTTI design for shortened TTI can be used as the baseline to solve the overhead and complexity issues.
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Figure 1 DL/UL latency of NR FDD with mimi-slot


3. Partial slot structure for FDD

Another solution to achieve similar latency as self-contained TDD is using partial DL/UL slot format. However, since some resources are not used for data transmission, the spectral efficiency is lower than the case using full DL/UL slot. To solve this problem, one solution is to share the remaining resources to another UE in the same slot. This can be achieved by signaling UEs the starting and ending positions of PDSCH/PUSCH. From the agreements in 3GPP RAN1#90 meeting, this indication is carried in the scheduling DCI for PDSCH/PUSCH.
Agreements:
· NR supports some combinations of following:

· For the purpose of designing time-domain resource allocation scheme from UE perspective, assuming no prior information of DL/UL assignment, scheduling DCI informs the UE of the time-domain information of the scheduled PDSCH or PUSCH

· Following is informed to the UE:

· One-slot case:

· Starting symbol and ending symbol in the slot.

· Which slot it applies to

· Multi-slot case:

· Opt.1: Starting symbol and ending symbol of each slot of the aggregated slots, and the starting slot and ending slot where it is applied to

· Opt.2: Starting symbol and ending symbol of a slot, and the starting slot and ending slot where it is applied to

· The starting symbol and ending symbol are applied to all the aggregated slots
· Opt.3: Starting symbol, starting slot, and the ending symbol and ending slot
· Non-slot (i.e., mini-slot) case:
· Starting symbol and ending symbol

· FFS: starting symbol is:

· Opt.1: Starting symbol of a slot

· UE is also informed of which slot it applies to

· Opt.2: Symbol number from the start of the PDCCH where scheduling PDCCH is included
· FFS: ending symbol is:

· Opt.1: Ending symbol of a slot

· UE is also informed of which slot it applies to

· Opt.2: Symbol number from the starting symbol
· Scheduling DCI with and without time domain field is supported

· Note: the starting symbol is the earliest symbol of the PDSCH or PUSCH including DMRS symbol in the case of PUSCH in a slot, FFS: PDSCH
· Note: the ending symbol is the latest symbol of the PDSCH or PUSCH in a slot

· FFS: signaling aspects, e.g., implicit, explicit, table, etc.

· FFS: which are valid combinations
· FFS: handling of semi-static UL/DL and SFI assignment

For example, as shown in Figure 2(a), suppose UE0 and UE1 are multiplexed in a slot with a TDM manner. For each UE, the starting and ending position are signaled by the UE-specific PDCCH. In this case, UE0 occupies the first N OFDM symbols and UE1 occupies the remaining OFDM symbols in the same slot. When short PUCCH is used, the DL latency for UE0 and UE1 are, respectively, 2 and 3 slots. When long PUCCH is used, the DL latency for UE0 and UE1 are, respectively, 3 and 4 slots. Similarly, we can obtain the same observation for the UL latency. In this design, some UE can achieve the same minimal latency as the case of self-contained TDD.
Therefore, we have

Proposal 2. Partial DL/UL slot can be consider as one slot structure of NR FDD. 
· Two UEs can be multiplexed within one slot with a TDM manner, which can be supported by the existing NR scheduling mechanism.
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Figure 2 DL/UL latency slot of NR FDD with parital DL/UL


4. Conclusion
From the above discussions we have

Proposal 1. Seven symbols mini-slot can be consider as one slot structure of NR FDD. 
· Rel. 15 sTTI design for shortened TTI can be considered as the baseline to solve the overhead and complexity issues.
Proposal 2. Partial DL/UL slot can be consider as one slot structure of NR FDD. 
· Two UEs can be multiplexed within one slot with a TDM manner, which can be supported by the existing NR scheduling mechanism.
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