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1 Introduction
At the RAN1 #90b meeting, it was agreed that [1]
· Same scheduling framework is supported for paired and non-paired spectra 

· Note: This applies to both slot based and non-slot (mini-slot) based scheduling

· Note: This includes that data transmission can be indicated with start symbol and duration

· Note: this also includes SFI

· Same HARQ framework is supported for paired and non-paired spectra

· Dynamic HARQ management is supported in the same way for both paired and non-paired spectra

· All PUCCH formats are supported for both paired and non-paired spectra

· Unless necessary, no intention to distinguish paired vs. non-paired spectra in the relevant specifications

· It is already possible to have an offset between DL and UL by using UL TA. 

· No additional specification impact is necessary

· Note: the finalizing the UL TA range of values will take into account the need of the offset
It was generally agreed that FDD can be supported without additional specification impact, i.e., NR scheduling and HARQ mechanism is duplexing mode agnostic. There was some remaining concern on whether FDD could achieve low latency (i.e., minimum 2 HARQ processes), high resource utilization and sufficient coverage (comparable to TDD coverage) at the same time. In this contribution, we discuss the support of low latency, high resource utilization and sufficient coverage in FDD.  
2 Enable low latency, high resource utilization and coverage in NR FDD
Our goal is to achieve low latency (i.e., minimum 2 HARQ processes), high resource utilization (i.e., DL and UL resource are fully used), and high coverage (i.e., comparable coverage as in TDD under same latency requirement) in FDD. We consider two schemes as described below. 
Scheme 1 
In this scheme, the DL and UL slots are time aligned as in LTE FDD. Low latency HARQ-ACK can be achieved by transmitting HARQ-ACK on short PUCCH in the middle of a slot or on long PUCCH in the middle symbols of a slot. The PDCCH in one slot can carry DCI that schedules transmission in the last X symbols of the slot and DCI that schedules transmission in the first (14-X) symbols of the next slot. Examples on the scheduling, transmission, HARQ-ACK and retransmission procedure are showed in Figure 1 and Figure 2. The coverage of scheme 1 is determined by the latency requirement, the time required for UE to receive and decode PDSCH and the time required for BS to receive and decode HARQ-ACK and perform scheduling. Considering a latency requirement of maximum 2 HARQ processes, and assuming 2 symbols time for PDSCH decoding and 1 symbol time for HARQ-ACK decoding, the long PUCCH symbols can be used for transmitting HARQ-ACK can be calculated as 14-(2+1) = 11, which is the maximum number of symbols that can be used for transmitting HARQ-ACK as determined by UE and BS processing capability. It can be seen that given a same latency requirement, a FDD system applying scheme 1 can achieve the same coverage as a TDD system operating in the same carrier frequency. As discussed in [2], scheme 1 can be supported based on NR scheduling and HARQ mechanism. No additional specification effort is needed.  
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Figure 1 Example on scheduling, HARQ-ACK and retransmission procedure for scheme 1 with HARQ-ACK carried on short PUCCH in the middle of a slot
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Figure 2 Example on scheduling, HARQ-ACK and retransmission procedure for scheme 1 with HARQ-ACK carried on long PUCCH and transmitted in the middle of a slot
Scheme 2  
In this scheme, an additional timing offset is applied in UL slots. The DL and UL slots are not time aligned. The additional timing offset gives processing time for UL grant reception/decoding and PDSCH reception/decoding so that low latency HARQ-ACK feedback and low latency UL grant to PUSCH transmission can be achieved. Examples on the scheduling, transmission, HARQ-ACK and retransmission procedure are showed in Figure 3 and Figure 4. The coverage of scheme 1 is determined by the latency requirement, the time required for UE to receive and decode PDSCH, the time required for BS to receive and decode HARQ-ACK and perform scheduling and the time required for UE to receive and decode UL grant and perform transmission scheduling. Considering a latency requirement of maximum 2 HARQ processes, and assuming 2 symbols time for PDSCH decoding, 1 symbol time for HARQ-ACK decoding and 1 symbol time for UL grant detection, the long PUCCH symbols can be used for transmitting HARQ-ACK can be calculated as 14-(2+1+1) = 10, which is less than scheme 1 due to the additional constraint on UL grant detection. 
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Figure 3 Example on scheduling, HARQ-ACK and retransmission procedure for scheme 2 with HARQ-ACK carried on short PUCCH
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Figure 4 Example on scheduling, HARQ-ACK and retransmission procedure for scheme 1 with HARQ-ACK carried on long PUCCH and transmitted on front symbols of a slot
Comparing scheme 1 and scheme 2, we have the following observations:
Observation 1: Scheme 1 and Scheme 2 can both achieve minimum 2 HARQ processes

Observation 2: Given same latency constraint, FDD system with scheme 1 can achieve at least same coverage as a TDD system operating in the same carrier frequency. The coverage is constrained by the UE and BS processing capability. 
Observation 3: Given same latency constraint, FDD system with scheme 1 can achieve larger coverage than a FDD system with scheme 2 operation in the same carrier frequency. 

Observation 4: Scheme 2 will cause low resource utilization for links with HD-FDD.  

Observation 5: Scheme 1 does not require additional specification effort for FDD in order to meet the latency requirements in TDD systems 
Based on the observations, we have the following proposal:

Proposal 1: Apply DL and UL slot timing alignment as in LTE FDD.
3 Conclusion 

In this contribution, we presented our views on enabling low latency, high resource utilization and wide coverage in NR FDD. Based on the discussions we draw the following observations and proposals:
Observation 1: Scheme 1 and Scheme 2 can both achieve minimum 2 HARQ processes

Observation 2: Given same latency constraint, FDD system with scheme 1 can achieve at least same coverage as a TDD system operating in the same carrier frequency. The coverage is constrained by the UE and BS processing capability. 

Observation 3: Given same latency constraint, FDD system with scheme 1 can achieve larger coverage than a FDD system with scheme 2 operation in the same carrier frequency. 

Observation 4: Scheme 2 will cause low resource utilization for links with HD-FDD.  

Observation 5: Scheme 1 does not require additional specification effort for FDD in order to meet the latency requirements in TDD systems 

Proposal 1: Apply DL and UL slot timing alignment as in LTE FDD.
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