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1. Introduction

As the discussion on updated work plan for NR in RAN#77 meeting [1], extensive discussions were occurred regarding duplexing air-interface support and the following agreements were captured:
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Duplexing air-interface support
· Aiming December 2017 completion:

· Dynamic TDD scheduling/HARQ framework

· Semi-static TDD

· FDD full duplexing

· Aiming completion beyond December 2017, exact completion target (June/2018 or other) to be re-discussed at RAN#78 on a case-by-case basis:

· FDD half duplexing

· Interference measurement related to dynamic TDD

In this document, we provide our view and discuss key consideration points to support FDD in NR.
2. Discussion
2.1. Frame structure

In NR design, various techniques to support low latency including HARQ-ACK feedback in the same slot to the PDSCH were discussed and decided to be supported. Mainly following techniques are considered (1) dynamic indication of starting symbol and duration for scheduling data and dynamic indication of HARQ-ACK timing and resources (2) supporting of various slot types e.g., DL only, UL only or DL/UL centric slot type (3) mini-slot based scheduling. 

Though these techniques may be applied to FDD as well, we need to consider more efficient mechanisms in FDD considering both uplink and downlink resources are available in anytime.
When partial DL and UL slot structures are also used via dynamic scheduling flexibility and short PUCCH, Figure 1 shows one example of latency for downlink and uplink transmissions. 
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Figure 1. Illustration of FDD partial slot structure transmission

When this approach is used, we see multiple potential drawbacks as follows. 

· Support of fast retransmission is not easily achievable unless short PUCCH is transmitted in the middle of a slot. As shown in the above, after receiving a HARQ-ACK from the UE, the network needs at least one slot before retransmission, which will increase the overall latency.
· From a UE perspective, achievable spectral efficiency becomes very low unless a UE supports two HARQ processes in a slot for both PDSCH and PUSCH. To support two slot-based HARQ processes for PDSCH may not be straightforward due to DM-RS position of DM-RS where the first DM-RS position of both PDSCHs are colliding. 
· HARQ-ACK timing between full DL slot PDSCH and partial DL slot PDSCH may collide as shown in Figure 2. 
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Figure 2. Illustration of complexity in handling full and partial DL/UL based data scheduling
To overcome such drawbacks, we discuss uplink frame boundary shift by utilizing full DL/UL slot structure and mini-slot based scheme as in below. 
2.1.1. Uplink frame boundary shift
To reduce overall turn-around time or RTT time, subframe/slot boundary offset between DL and UL carriers can be different as shown in Figure 3. In terms of latency, it can achieve the similar latency to partial slot type mentioned in the above. However, this approach would enjoy spectral efficiency gain as well as simplicity in scheduling.  
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Figure 3. Illustration of UL slot boundary shift
Proposal 1: In NR FDD, full DL/UL slot based PDSCH/PUSCH scheduling are supported. To support low latency, unaligned slot boundary between DL and UL is supported. 

To realize this, it is proposed that a UE can be configured with ‘slot offset’ which can be determined by considering processing latency between data to A/N and grant to PUSCH and potential HARQ-ACK multiplexing among UEs. In terms of signaling, both UE-specific and cell-common signaling can be considered. However, to avoid any ambiguity between common data transmission and UE-specific data transmission, and also to align among different UEs, it is generally desirable to consider cell specific UL slot boundary shift rather than a UE-specific configuration. 

In terms of ‘slot index’, it is assumed that the same slot index is used between DL and UL such that HARQ-ACK timing in the example in Figure 3 is zero (i.e., same slot HARQ-ACK), and PUSCH is also transmitted in the same slot. In other words, both K1 and K2 are zero. It is also noted that this approach would allow ‘FULL long PUCCH’ transmission in case of coverage issue. Overall, this would provide more efficient mechanism for low latency in FDD compared to utilizing partial slot structure.
Proposal 2: In NR FDD, RMSI can indicate slot offset used in UL slot boundary. 

2.1.2. Mini-slot based scheduling

As agreed, 7OS mini-slot size will be supported. In addition, 2OS mini-slot size is also supported. When mini-slots with potentially mini-slot aggregations are used, low latency can be achieved by scheduling multiple mini-slots PDSCH/PUSCH and HARQ-ACK transmissions as illustrated in Figure 4. 
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Figure 4. Illustration of mini-slot based scheduling
This approach may increase the overhead in terms of UE blind decoding in control and control overhead to schedule shorter transmission. However, it will provide better spectral efficiency from a UE perspective as all resources can be scheduled by multiple HARQ processes, and achieve the low latency. 

Proposal 3: Short PUCCH and mini-slot based scheduling are supported in FDD as well. 
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Figure 5: DL/UL centric slot for NR FDD
When half-duplex FDD UE is considered, different option may lead different unavailable resources from a UE perspective, and accordingly different solutions may be necessary to address unavailable resources as follows. 

· Partial DL/UL slot structure shown in Figure 5: unavailable resource from a UE perspective is the gap between PDSCH to HARQ-ACK or between UL grant to PUSCH. The gap may be reduced further if short PUSCH is scheduled in the gap between PDSCH to HARQ-ACK (i.e., mini-slot PUSCH is used). However, the overall, blank portion shown in Figure 5 cannot be used if there are only UEs with partial DL/UL slot structure type operation unless slot + mini-slot scheduling are supported in a slot. Supporting slot with mini-slot needs to address various collision cases between channels from slot-based and mini-slot based (for example, how to separate control region between two, how to handle collision of PUCCHs, etc). In that case, it may be more desirable to utilize only mini-slot based scheduling. 
· UL shift: maximum a slot may not be available for PDSCH or PUSCH scheduling. The gap can be reduced further if short PUSCH is scheduled in the gap between PDSCH to HARQ-ACK (and/or after HARQ-ACK to the next DL slot). More easily the gap can be used for scheduling some other UEs. In this sense, this approach provides more efficient mechanism compared to partial DL/UL slot in terms of half-duplex UEs as well. 
· Mini-slot: the gap can be maximum one mini-slot. Different UEs can be scheduled in some other UEs’ unavailable resource. 
Generally, considering both full and half duplex UEs, we consider that UL shift and mini-slot based scheduling options achieve better flexibility, spectral efficiency with low latency when duplexing flexibility is not considered. As discussed, however, partial slot type needs to be considered to support efficient mechanism for duplexing flexibility in paired spectrum as well. In this sense, we see that all three options are necessary in FDD operation. 
Proposal 4. Further discuss mechanisms to efficiently support half-duplex UEs once full duplex UE design is finalized for NR FDD. 

2.2. Consideration of duplexing flexibility operation in NR FDD
Paired spectrum would define downlink and uplink spectrum rather statically and thus the ratio between downlink and uplink portion is fixed. To support various usage scenarios which changes traffic pattern dynamically, mechanisms to allow dynamic adaption of downlink and uplink portions should be supported even in the paired spectrum. As agreed in RAN1 #87 meeting [3], duplexing flexibility means at least mechanism to manage resource flexibility for UL and DL for both paired (FDD) and unpaired (TDD) spectrum. Therefore, NR system design (especially, at least frame structure for FDD and TDD) should be considered to support duplexing flexibility operation in both TDD and FDD band. 
As agreed in RAN#71, both dynamic and semi-static TDD operations are considered before December. In our view, the same techniques can be assumed for duplexing flexibility operation for FDD band where one or both of DL/UL spectrum can be operated with semi-static or dynamic TDD. From RAN1 perspective, we consider that similar UE-to-UE CLI measurement and reporting mechanism and CLI management techniques can be applicable to both NR FDD and NR TDD.
To support duplexing flexibility in FDD, we see the followings are necessary from RAN1 perspective. 

(1) Either UL spectrum only or both DL/UL spectrum can be configured with semi-static DL/UL configurations. 

(2) Either UL spectrum only or both DL/UL spectrum can be operated with dynamic DL/UL configurations.

(3) Forward compatibility aspects to adopt cross-link interference mitigation techniques should be supported

Figure 6 illustrates one example of potential CLI in FDD UL band with different slot structure when gNB2 can change transmission direction of FDD UL band to DL in second slot (i.e., DL/UL only slot in Fig.6 (a) and DL/UL centric slot in Fig.6 (b)). 
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Figure 6: Examples of potential CLI in FDD UL band with different slot structure. 

As shown in Figure 6, there is no CLI on control channel when DL/UL centric slot is used in FDD UL band, even though DL/UL only slot suffers from CLI in all symbols. To minimize forward compatibility issues of duplexing flexibility in NR FDD, it is recommended that DL/UL centric slot is used in NR FDD even though there is minor performance (especially latency) loss due to the absent of control channel with opposite transmission direction.

Proposal 5: Various slot types e.g., DL only, UL only, DL/UL centric are applicable to both unpaired and paired spectrum in NR. 
When dynamic TDD operation is considered, it is also beneficial to use group common PDCCH to indicate the slot type. In this sense, we propose to allow group common PDCCH indication in paired spectrum as well.
In summary, we propose

Proposal 6: In NR paired spectrum, the followings are supported. 

· FDD frame structure of DL only and UL only for each DL and UL spectrum respectively with UL slot shift configuration
· Various slot types including partial DL/UL slots 
· Dynamic indication of starting OFDM symbols and duration in scheduling DCI for PDSCH and PUSCH

· Short PUCCH transmission

· Mini-slot based scheduling

· Group common PDCCH

3. Conclusions

In this contribution, we discussed aspects of key consideration points to support FDD in NR. Based on the above discussions, our proposals are given as follows:
Proposal 1: In NR FDD, full DL/UL slot based PDSCH/PUSCH scheduling are supported. To support low latency, unaligned slot boundary between DL and UL is supported. 

Proposal 2: In NR FDD, RMSI can indicate slot offset used in UL slot boundary. 

Proposal 3: Short PUCCH and mini-slot based scheduling are supported in FDD as well. 

Proposal 4. Further discuss mechanisms to efficiently support half-duplex UEs once full duplex UE design is finalized for NR FDD. 

Proposal 5: Various slot types e.g., DL only, UL only, DL/UL centric are applicable to both unpaired and paired spectrum in NR. 

Proposal 6: In NR paired spectrum, the followings are supported. 

· FDD frame structure of DL only and UL only for each DL and UL spectrum respectively with UL slot shift configuration

· Various slot types including partial DL/UL slots 
· Dynamic indication of starting OFDM symbols and duration in scheduling DCI for PDSCH and PUSCH

· Short PUCCH transmission

· Mini-slot based scheduling

· Group common PDCCH
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