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1 Introduction
In [1], some potential problems in supporting NR FDD were raised, including potentially longer latency as compared to NR TDD and potentially inefficient support on half-duplex (HD) FDD. In this contribution, we conduct a gap analysis on supporting NR FDD using NR TDD as a benchmark. Our gap analysis suggests that with no additional specification effort, NR FDD can be supported with comparable or better performance as NR TDD. 
2 Gap analysis on supporting NR FDD
We look at half-duplex FDD (HD-FDD) and full-duplex FDD (FD-FDD) from BS perspective and use NR TDD as benchmark to analyze the potential gaps in supporting NR FDD. Note that when a BS supports HD-FDD, its serving UEs all operate in HD-FDD mode. When a BS supports FD-FDD, its serving UEs can either operate in FD-FDD mode or HD-FDD mode.  
For HD-FDD (from BS perspective), the operation is very much like TDD. The only difference is that HD-FDD transmits DL and UL in different carriers while TDD DL and UL are in the same carrier. As NR scheduling and HARQ design is duplexing mode agnostic, we expect the same scheduling/transmission/feedback flexibility and resource utilization as in TDD can be achieved by HD-FDD. Figure 1 shows an example on same-slot scheduling, data transmission, and HARQ-ACK. The other scheduling and transmission schemes (e.g., non-slot/mini-slot based scheduling and transmission, cross-slot scheduling and transmission, etc.) can also be supported in HD-FDD similar to TDD. 
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Figure 1 Example on same-slot scheduling, data transmission and HARQ-ACK in HD-FDD
For FD-FDD (from BS perspective), more flexible scheduling/transmission/feedback and higher resource utilization than that of in TDD and HD-FDD can be achieved, due to
1) NR scheduling and HARQ design is agnostic to duplexing mode
2) FD-FDD allows for simultaneous DL and UL

Figure 2 shows an example FD-FDD slot structure where same-slot scheduling and data transmission is applied on PDSCH#1 and PUSCH#1, and same-slot HARQ-ACK is applied on PDSCH#1. Note that PDSCH#1 and PUCSH#1 can be for a same UE or for two different UEs. When for a same UE, the UE can support FD-FDD. When for two different UEs, each of the two UEs can either support FD-FDD or HD-FDD. Another DL data transmission (e.g., PDSCH#2) can be scheduled in the remaining DL symbols after PDSCH#1. Such scheduling can be based on non-slot/mini-slot scheduling or slot-based scheduling with different CBGs assigned for PDSCH#1 and PDSCH#2, respectively. Similarly, another UL data transmission (e.g., PUSCH#0) can be scheduled in the UL symbols of the slot before PUSCH#1. Such scheduling can be based on cross-slot scheduling for non-slot/mini-slot. It can be observed that FD-FDD does not need GP symbols and as such all the symbols in a slot can be used for control and data transmission. FD-FDD can achieve higher resource utilization than HD-FDD and TDD. 
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Figure 2 Example on same-slot scheduling, data transmission and HARQ-ACK in FD-FDD 
Figure 3 shows another FD-FDD slot structure example with cross-slot scheduling, data transmission and HARQ-ACK feedback. With FD-FDD (from BS perspective), the HARQ-ACK can be carried on long PUCCH and transmitted in the middle of a slot, so that UE has processing time for receiving PDSCH from the previous slot and BS has processing time for receiving HARQ-ACK feedback and preparing for the retransmission or new transmission in the immediate next slot. In contrast, if putting HARQ-ACK on short-PUCCH at the end of a slot, as showed in Figure 4, the retransmission cannot be in the immediate next slot due to lack of time for BS to receive the HARQ-ACK feedback and schedule retransmission. We can see that in the examples in Figure 3 and Figure 4, transmitting HARQ-ACK on long PUCCH in the middle of a slot will need 2 HARQ processes in both DL and UL, while transmitting HARQ-ACK on short PUCCH at the end of a slot will need 3 HARQ processes in DL and 2 HARQ processed in UL. Therefore, given that UE processing capability permits, FD-FDD could have lower feedback latency and the number of HARQ processes as compared to HD-FDD and TDD due to the flexible HARQ-ACK transmission timing in FD-FDD. 
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Figure 3 FD-FDD allows putting HARQ-ACK on long PUCCH in the middle of a slot which can reduce feedback latency and number of HARQ processes
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Figure 4 HARQ-ACK on short PUCCH has larger number of HARQ processes as compared to HARQ-ACK on long PUCCH
Observation 1: NR scheduling and HARQ design is duplexing mode agnostic.

Observation 2: With no additional specification effort, HD-FDD (from BS perspective) can achieve the same scheduling/transmission/feedback flexibility and resource utilization as in TDD.
Observation 3: With no additional specification effort, FD-FDD (from BS perspective) can achieve more flexible scheduling/transmission/feedback and higher resource utilization than that of in TDD and HD-FDD (from BS perspective).

Proposal 1: No additional specification effort is needed for supporting FDD in NR Rel-15. 
3 Conclusion 

In this contribution, we presented our views on supporting FDD in NR. Based on the discussion we draw the following observations and proposals:
Observation 1: NR scheduling and HARQ design is duplexing mode agnostic.

Observation 2: With no additional specification effort, HD-FDD (from BS perspective) can achieve the same scheduling/transmission/feedback flexibility and resource utilization as in TDD.

Observation 3: With no additional specification effort, FD-FDD (from BS perspective) can achieve more flexible scheduling/transmission/feedback and higher resource utilization than that of in TDD and HD-FDD (from BS perspective).

Proposal 1: No additional specification effort is needed for supporting FDD in NR Rel-15. 
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