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1. Introduction
As the approval of NR (New RAT) study item in RAN#71 meeting [1], study on the NR in RAN1 starts from this RAN1#84bis meeting. In this document, as one of the NR design, we provide and discuss key consideration points on frame structure for the NR system.
2. Frame structure for NR system
In this section, basic subframe structure in terms of the multiplexing structure between control and data channels in the NR system is firstly described. And, potential subframe type and relevant framing structure to support the NR system are discussed for FDD and TDD cases. 
· Basic subframe structure
Regarding the multiplexing structure between control data channels in a subframe, we can consider two methods: FDM manner and TDM manner. First of all, FDM based control/data structure is required to support sufficient coverage by accumulating the energy over all the symbols, especially for the control channel transmission. Note here that this FDM structure is currently being supported in legacy LTE by EPDCCH/PDSCH structure for DL and PUCCH/PUSCH structure for UL, and thus those legacy channel formats could be largely reused in the NR system as well. On top of the FDM, TDM based control/data structure is to be introduced to meet latency requirement for the NR to support fast scheduling and HARQ operation. Considering coverage aspect as well as latency requirement, it is desirable to support both FDM and TDM based structures in the NR, and also which multiplexing structure between FDM and TDM is applied for control and data channel transmission could be UE-specific as the example shown in Figure 1, according to radio condition and traffic type of the UE. 
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Figure 1
Suggestion 1: Both FDM and TDM based control/data transmission structure should be supported in the NR.
· FDD framing structure

For the FDD based NR system, it would be necessary to reduce the latency for DL/UL scheduling and HARQ operation (e.g. fast HARQ-ACK feedback after DL data reception, fast UL data transmission after UL grant reception) to satisfy latency requirement. For this, TTI shortening for both DL and UL subframes (e.g. multiple short TTIs within one subframe) is to be considered for latency reduction by employing multiple TDM-multiplexed control/data structures within one subframe, as shown in Figure 2(a). Moreover, subframe boundary offset between DL and UL carriers is also to be considered to reduce HARQ latency even for the case without TTI shortening, as shown in Figure 2(b). 
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Figure 2
· TDD framing structure

For the TDD based NR system, on top of HARQ latency reduction, flexible DL/UL configuration would be required for efficient resource utilization and management, according to DL/UL traffic ratio as well as traffic type. To support this, subframe group (denoted as “SFG”) based dynamic TDD operation is to be considered as shown in Figure 3, where one SFG consist of one or multiple subframes and each SFG has only one guard period (GP) to minimize GP overhead during multiple subframs. For the single subframe version of SFG, a subframe type containing both DL and UL parts (e.g. DL control, DL data or UL data, UL control within one subframe) could be used for latency reduction. As the example shown in Figure 3, DL/UL subframe ratio within a SFG could be dynamically changed according to DL/UL traffic ratio, and size of SFG (e.g. number of subframes belonging to SFG) could also be dynamic according to traffic type (e.g. latency requirement). Note here that special subframe in Figure 3 could be replaced by the above subframe type (e.g. containing DL control/data and UL control within one subframe) by considering HARQ-ACK feedback for DL data reception within SFG. This TDD operation (in other words, dynamic indication of SFG size and DL/UL ratio per SFG) would be controlled by dynamic signalling (e.g. DCI). 
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Figure 3
Suggestion 2: TTI shortening (e.g. multiple short TTIs within one subframe) should be considered to design frame structure for the NR.
Suggestion 3: Subframe boundary offset between DL and UL carriers is to be considered for latency reduction in FDD based NR. 
Suggestion 4: Subframe group based dynamic TDD operation is to be considered for resource efficiency in TDD based NR. 
· DL transmission structure

In the NR system deployed in very high-frequency band (e.g. mmWave), analog or hybrid beam-forming (simply denoted as “ABF”) based operation might be required to overcome high path-loss. With this ABF operation, however, service (e.g. scheduling) area would be restricted at a timing and it means that DL control/data transmission would be limited only for scheduling of the UEs in one area at each timing. In order to address this potential inefficiency with ABF operation, narrow-time unit based DL transmission can be considered for the NR. As an example, DL data region within a subframe can be divided into multiple narrow-time units as shown in Figure 4, and shortening symbol duration can be considered for narrow-time based DL control transmission. 
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Figure 4
Suggestion 5: Narrow-time unit based DL transmission can be considered for the NR operation in high-frequency band.
3. HARQ operation in NR system
In this section, HARQ operation associated DL/UL scheduling is discussed in terms of HARQ process (e.g. timing relation between initial transmission and retransmission) and HARQ timing (e.g. DL data-to-HARQ-ACK or UL grant-to-UL data timing). 

· Asynchronous HARQ

For DL/UL resource flexibility in the NR system (especially, for TDD case), asynchronous HARQ procedure is to be applied for both DL and UL scheduling. For this, PHICH transmission (and synchronous retransmission of UL data based on the PHICH) is not supported and UL data retransmission is triggered only by UL scheduling grant (it means that initial UL data transmission-to-retransmission timing would not be synchronous) in the NR.
Suggestion 6: Asynchronuous HARQ operation (e.g. no PHICH) should be supported for both DL and UL scheduling in the NR. 
· Flexible HARQ timing
Considering both flexible DL/UL configuration and efficient resource utilization in the NR system (especially, for TDD case), dynamic HARQ timing is to be supported. More specifically, in DL scheduling, timing for HARQ-ACK feedback signalling for DL data reception could be indicated by DL scheduling grant, and with this, for example, the UCIs corresponding to multiple different DL subframes could be multiplexed within same single UL subframe. Besides, in UL scheduling, timing for UL data transmission could be indicated by UL scheduling grant, and flexible DL/UL configuration could be possible by avoiding fixed HARQ timing. Note here that candidate HARQ timings indicated by scheduling grant would be UE-specific since supportable minimum HARQ timing might be different for each UE according to its processing capability in terms of, for example, DL control/data decoding, UL control/data encoding. 
Suggestion 7: Dynamic HARQ timing (e.g. DL data-to-HARQ-ACK, UL grant-to-UL data) should be supported for flexible resource utilization in the NR.
4. Summary

In this document, we discussed on frame structure for the NR and HARQ operation in the NR system. Our suggestions can be summarized as below. 
Suggestion 1: Both FDM and TDM based control/data transmission structure should be supported in the NR.
Suggestion 2: TTI shortening (e.g. multiple short TTIs within one subframe) should be considered to design frame structure for the NR.
Suggestion 3: Subframe boundary offset between DL and UL carriers is to be considered for latency reduction in FDD based NR. 

Suggestion 4: Subframe group based dynamic TDD operation is to be considered for resource efficiency in TDD based NR. 
Suggestion 5: Narrow-time unit based DL transmission can be considered for the NR operation in high-frequency band.
Suggestion 6: Asynchronuous HARQ operation (e.g. no PHICH) should be supported for both DL and UL scheduling in the NR. 
Suggestion 7: Dynamic HARQ timing (e.g. DL data-to-HARQ-ACK, UL grant-to-UL data) should be supported for flexible resource utilization in the NR.
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