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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 started from the previous RAN1#84bis meeting. In this document, as one of the NR design, we provide our view and discuss key consideration points on frame structure for the NR system.
2. Frame structure for NR system
In this section, some terminologies for NR frame structure in terms of time granularity are firstly defined. And, basic subframe structure in terms of the multiplexing structure between control and data channels in the NR system is described. In addition, potential subframe type and relevant framing structure to support the NR system are discussed for FDD and TDD cases. 
· Time granularity in NR
In order to well design overall frame structure for the NR system in terms of time granularity and relationship, some terminologies may need to be defined as below.
· Radio frame: absolute time duration of 10 msec

·  Radio frame (SFN) is kept same as in LTE with consideration of interworking with LTE. 

·  It is not varied according to OFDM numerology (e.g. sub-carrier spacing).
· Subframe: time duration of 14 or 12 OFDM symbols (according to CP length) for a given numerology
·  Subframe (number) is used as timing reference for common signaling and/or signal configuration/ transmission (e.g. synchronization signal, system information, random access preamble).

·  Absolute time of subframe is varied according to numerology (for example, 0.5 msec for 30 kHz, 0.25 msec for 60 kHz, 0.125 msec for 120 kHz).
· Mini-subframe: time duration of K OFDM symbols (where K < 14 or 12) for a given numerology.
·  Mini-subframe (index) is used as timing reference for the purpose of latency reduction (e.g. K = 7 or 6 (or, 4 or 3) for URLLC).
·  Absolute time of mini-subframe is also varied according to numerology.
·  One subframe consists of multiple mini-subframes.
Based on the above time granularity, scheduling time interval (denoted as STI which can be considered as TTI) which is the interval of DL control signalling might be configured by UE-specific manner or according to use case (e.g. eMBB, URLLC, mMTC). For example, 14 symbols (i.e., subframe) can be configured as the STI for eMBB UEs, and 7 (or less) symbols (i.e., mini-subframe) can be configured as the STI for URLLC UEs, while a time duration of multiple subframes can be configured as the STI for mMTC UEs. Given that, the time duration with actual scheduling in which data spans can be equal to or shorter than the configured STI. Figure 1 shows overall frame structure for NR in time domain. 
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Suggestion 1: Time granularity for NR frame structure is considered as the followings.

        - Radio frame: 10 msec (frame alignment with LTE for interworking with LTE)

        - Subframe: 14 or 12 OFDM symbols (timing reference for common signalling)

        - Mini-subframe: K (< 14 or 12) symbols (timing reference for latency reduction)
In the remaining parts, the term ‘subframe’ is used for the convenience of explanation, and it can be equivalently considered with UE-specific STI. 
· 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 2, according to radio condition and traffic type of the UE. 
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Figure 2
Suggestion 2: 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 another approach, 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 3(a) and 3(b) according to location of UL control region within UL subframe. In the examples in Figure 3, HARQ latency between DL data and HARQ-ACK or between UL grant and UL data is considered as half of subframe duration, and two HARQ processes can operate in maximum for both DL and UL. 
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Figure 3
· 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 4, 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. As the example shown in Figure 4, 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). 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).
Besides, as the single subframe version of SFG, a subframe type containing both DL and UL parts (e.g. DL control, DL data and/or UL data, UL control within one subframe) could be used for latency reduction. Specifically, combination and ratio of DL/UL parts (for example, portion of DL/UL data parts, presence of UL control part) in the above subframe type can be dynamically changed according to DL/UL traffic ratio and the required latency. As an example, special subframe in Figure 4 could be replaced by the above subframe type (e.g. containing DL control/data and UL control) by considering HARQ-ACK feedback for DL data reception within SFG. 
[image: image5.png]TDD eIMTA operation

UL/DL configuration 1 f UL/DL configuration 5 ' UL/DL configuration 2

—
time

I DL SF I UL SF I Special SF

DL:UL=2:2 , DL:UL=4:0 , DL:UL=3:1 , DL:UL=4:0 , DL:UL=2:2 {DU=20,DU=11,D:U=20,D:U=2:0, D:U=1:1

SF group size change (4 to 2)

SF group based Dynamic TDD




Figure 4
Suggestion 3: TTI shortening (e.g. multiple short TTIs within one subframe) should be considered to design frame structure for the NR.
Suggestion 4: Subframe boundary offset between DL and UL carriers is to be considered for latency reduction in FDD based NR. 

Suggestion 5: 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 5, and shortening symbol duration can be considered for narrow-time based DL control transmission. 
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Figure 5
Suggestion 6: 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 7: Asynchronous 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. 
Furthermore, considering latency requirement in NR system, asymmetry in (minimum) HARQ timing latency between UE side and eNB side might be able to consider for supporting HARQ operation in the NR frame structure. For example, HARQ latency in UE side such as timing gap between DL data reception and corresponding HARQ-ACK transmission or between UL grant reception and corresponding UL data transmission, can be considered as larger than HARQ latency in eNB side such as timing gap between HARQ-ACK reception and corresponding DL data scheduling (for retransmission) or between UL data reception and corresponding UL grant scheduling (for retransmission). Moreover, HARQ timing latency might be able to consider differently between use cases (e.g. eMBB, URLLC, mMTC) or between different TTI lengths. For example, HARQ latency for eMBB UEs is considered as N TTIs while HARQ latency for URLLC UEs is considered as M TTIs, where N is larger than M and TTI length for the eMBB UEs is larger than that for the URLLC UEs. 
Suggestion 8: 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.

Suggestion 9: Asymmetric (minimum) HARQ timing latency between UE side and eNB side can be considered for effective latency reduction in the NR.
4. Summary

In this document, we discussed and provided our view on overall frame structure and HARQ operation in the NR system. Our suggestions can be summarized as below. 
Suggestion 1: Time granularity for NR frame structure is considered as the followings.

        - Radio frame: 10 msec (frame alignment with LTE for interworking with LTE)

        - Subframe: 14 or 12 OFDM symbols (timing reference for common signalling)

        - Mini-subframe: K (< 14 or 12) symbols (timing reference for latency reduction)
Suggestion 2: Both FDM and TDM based control/data transmission structure should be supported in 
the NR.
Suggestion 3: TTI shortening (e.g. multiple short TTIs within one subframe) should be considered to design frame structure for the NR.
Suggestion 4: Subframe boundary offset between DL and UL carriers is to be considered for latency reduction in FDD based NR. 

Suggestion 5: Subframe group based dynamic TDD operation is to be considered for resource efficiency in TDD based NR. 
Suggestion 6: Narrow-time unit based DL transmission can be considered for the NR operation in high-frequency band.
Suggestion 7: Asynchronous HARQ operation (e.g. no PHICH) should be supported for both DL and UL scheduling in the NR. 
Suggestion 8: 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.

Suggestion 9: Asymmetric (minimum) HARQ timing latency between UE side and eNB side can be considered for effective latency reduction in the NR.
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