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1. Introduction
In RAN1#85, the followings were agreed. 
Agreements:
· RAN1 strives for maximizing commonality between TDD and FDD
· It is preferable that mechanisms to indicate the timing relation are duplex agnostic
· Note: This does not preclude any optimization either for FDD only or TDD only
Agreements:
· At least the following should be supported for NR in a frequency portion
· A time interval X which can contain one or more of the following
· DL transmission part
· Guard
· UL transmission part
· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically
· Furthermore, the following is supported

· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals
· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals
· FFS length(s) of time interval X
· FFS: other characteristics of time interval X
· Note: The usage of DL and UL does not preclude other deployment scenarios e.g., sidelink, backhaul, relay
Agreements:
· At least the following time domain structures should be studied/evaluated for NR

· DL transmission region (containing data assignments and data), guard region, UL transmission region (containing UCI)

· DL transmission region (containing data assignments), guard region, UL transmission region (containing data, UCI)

· Other structures not precluded

· Note: there is no assumption between the relationship of assignments and data in the above

· FFS: there can be guard region after the uplink transmission region.

· FFS: Study candidate solutions where 1 structure spans at most a time interval of 1 ms

· FFS: Metrics for study/evaluation

· Note: This does not preclude the same structure could span multiple 1 msecs
This contribution further discusses remaining details on frame structure design for NR. 
2. Discussion

2.1. Definition of Interval X
In the previous meeting, interval X is defined which can consist of one or more of DL burst, GP and UL burst. In our view, interval X can be a unit where one TB can be mapped for downlink and/or uplink. Assuming a numerology set {subcarrier spacing SCb, NCP or ECP} is a base numerology used in a carrier C, we can define interval X in two levels. One is the subframe which consists of 14 OFDM symbols with NCP based on SCb and 12 OFDM symbols with ECP based on SCb. Further, to handle efficient support of different usage scenarios such as URLLC, multiplexing different numerologies, and allow dynamic resource sharing between backhaul and access links, a mini-subframe which consists of K (e.g., K = 2 or 7 with NCP and 6 with ECP) OFDM symbols with NCP/ECP based on SCb. The relationship between mini-subframe and subframe can be shown Figure 1. 
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Figure 1. Illustration of Frame structure in NR
When dynamic TDM between different numerologies are considered, within each mini-SF, it is assumed that different numerology from base numerology may be used. 
Regardless of base numerology, it is assumed that radio frame is 10msec where depending on numerology, there are different number of subframes in a radio frame. 

Proposal 1: Interval X can be based on a subframe and a mini-subframe.

Proposal 2: A subframe consists of 14 OFDM symbols with normal CP and 12 OFDM symbols with ECP. 

Proposal 3: There are ‘m’ mini-subframes in a subframe where m can be 2 or 7. 

Proposal 4: In TDM of different numerologies, both subframe and mini-subframes can be used. 

2.2. (Mini-)Subframe Types
The subframe structure should be flexible to indicate (1) DL burst only (2) UL burst only (3) DL burst – GP – UL burst and (4) overlapped DL burst and UL burst [1]. Also, the size of DL burst and UL burst can be dynamically changed via scheduling to allow efficient multiplexing with other services and other links. In that sense, it becomes very inefficient to define a prefixed set of subframe patterns/types. So, we propose the following two subframe structures which can be overlaid to define a subframe type. 
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Figure 1. Basic subframe structure to define a subframe type
With these two basic structures where GAP can be value zero (0), Figure 2. shows examples of different subframe patterns in unpaired and paired spectrum. 
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Figure 2. Various subframe types with DL burst and UL burst structure

To allow full flexibility including forward compatibility, we propose to adopt the basic DL burst and UL burst structure where GAP size can be dynamically adjusted by the scheduling information or semi-statically configured, and two structures can be overlaid in the case of unpaired spectrum or flexible duplex operation in a band. 

In the subframe structure, to minimize the latency between data and the corresponding HARQ-ACK timing (which may not be possible to send within the same subframe) or between UL grant and data, it is also considerable to have “staggered” uplink subframe boundary compared to downlink subframe boundary in FDD. For example, uplink subframe can be shifted 0.5 * subframe to reduce 0.5 * subframe duration HARQ-ACK/UL data transmission latency. 
Proposal 5: DL and UL subframe structures shown in Figure 1 are used to define a subframe type in NR frame structure design. 

2.3. Subframe type indication mechanism
Subframe type can be indicated to UEs using semi-static and dynamic signaling where in most cases the subframe pattern can be changed dynamically based on scheduling information. In the scheduling information, it can include downlink transmission duration which can then define the size of DL burst, and uplink transmission duration and start time of uplink transmission which can define the gap sizes between DL burst and UL burst if both are used. To allow full flexibility of dynamic resource adaptation, we propose to consider dynamic DL:UL burst duration configuration in every subframe. However, even with dynamic indication of subframe pattern, it is still necessary to define “fixed DL portions” for example to support synchronization signals, downlink control channels, etc. 
Proposal 6: Dynamic indication of subframe pattern via scheduling is supported in NR. 

However, there are cases where semi-static configuration would be still useful regardless of whether the configuration is known to UEs or not. First case is for ICIC. For example, if there are strong neighbor interferer, it could be still desirable to align DL/UL configuration among interfering cells. Another case is for resource sharing between backhaul and access links. For backhaul links, resource reservations on transmission and reception could be necessary. To support this semi-static configuration effectively, we also propose consideration of subframe group (SFG) where in each SFG we can define downlink and uplink subframe ratio. This concept is similar to eIMTA where configuration change can occur more often compared to eIMTA as illustrated in Figure 3. In terms of SF group size change, and DL:UL ratio within a SFG, it may be negotiated between eNBs only.  
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Figure 3. Illustration of Subframe Group based DL:UL configuration
Proposal 7: Semi-static configuration of DL:UL subframes is also supported in NR. 
2.4. Subframe Duration
To determine subframe length for a carrier, first, the numerology at least subcarrier spacing used in the carrier needs to be decided. The subcarrier spacing of a carrier to define a subframe duration can be derived from initial synchronization signals (e.g., same subcarrier spacing to initial synchronization signal is assumed or embedded in the signals) or indicated by MIB. Based on the subcarrier spacing, the subframe duration can be defined (e.g., 30 kHz defines 0.5 msec subframe, 60 kHz defines 0.25 msec subframe, etc.). We can define this numerology as the default numerology of a carrier. As mentioned in our companion contribution [2], we do not consider that symbol level alignment between the default numerology and 15 kHz NCP/ECP is necessary. 

Proposal 8: Subframe duration of a default numerology {SCi, NCP/ECP} where SCi = 2i * 15 kHz in a carrier is 1/2i msec. 

Proposal 9: Based on base numerology, in a subframe, the first OFDM symbol has longer CP compared to other 6 OFDM symbols in every 7 OFDM symbols when NCP is used. 
2.5. Definition of Resource Block
To multiplex different usage scenarios with different requirements, it is considered that both TDM and FDM are supported between different numerologies in a NR carrier. To allow efficient multiplexing, resource block should be sufficiently flexible. As scalable numerology is adopted for NR, it is also desirable to consider scalable RB definition. For example, frequency bandwidth size of 1/4 of one RB with 60 kHz can be equivalent to frequency bandwidth of one RB with 15 kHz. With this scalable structure, scalable RS structure and control/data channel design, particularly for the case of multiplexing of different numerologies in inband carrier can be efficiently supported. 
In terms of RB definition, we first discuss RB definition for a carrier based on the default numerology. This RB definition is the default RB definition used for the given carrier. Figure 4. illustrates the resource block definition for a given numerology. 
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Figure 4. Resource Block with numerology {SCi = 2i * 15 kHz, NCP}
Proposal 10: One RB consists of 16 subcarriers x 14 OS with numerology {SCi = 2i * 15 kHz, NCP}.
Next, when different numerologies are multiplexed in inband case, RB definition for a different numerology multiplexed in the carrier can follow the same or different approach. As mentioned before, mini-subframe (e.g., K = 2 or 7) can be used for basic unit of multiplexing to support TDM of different numerologies for larger subcarrier spacing compared to the default subcarrier spacing. In this case, the following options can be considered where SCj is multiplexed in inband on a carrier with a default subcarrier spacing of SCi (SCj = SCi * n, n > 0). The case refers 
(1) Option 1 - a RB defines as 16 subcarriers x 14 (with NCP, 12 with ECP) OS symbols: the same RB definition used even in inband case.

(2) Option 2 - Keep time/frequency region of one RB of SCi: second approach is to maintain the same frequency/time region of SCi resource block which requires different number of subcarrier spacing and number of OS in one RB of SCj.  
(3) Option 3 – a RB defines as 16 subcarriers x (K * i) OS symbols: another approach is to expand frequency region and keep the same time duration of mini-subframe of the given carrier. This option is similar to Option 1 where only one RB is defined even with SCj = 4 * SCi.  
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(a) Option 1: Keep subcarrier number and number of OS in a RB
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(b) Option 2: Keep the same time/frequency region
Figure 5. RB definition options of inband multiplexing case
Depending on mini-subframe size and multiplexing scenarios, different option provides different benefits. Thus, further investigation seems necessary also considering DM-RS and control/data design. 
Proposal 11: Further investigation on resource block definition for inband multiplexing of different numerologies is necessary. 
3. Conclusion

This contribution discussed frame structure design and proposed the followings. 
Proposal 1: Interval X can be based on a subframe and a mini-subframe.

Proposal 2: A subframe consists of 14 OFDM symbols with normal CP and 12 OFDM symbols with ECP. 

Proposal 3: There are ‘m’ mini-subframes in a subframe where m can be 2 or 7. 

Proposal 4: In TDM of different numerologies, both subframe and mini-subframes can be used. 

Proposal 5: DL and UL subframe structures shown in Figure 1 are used to define a subframe type in NR frame structure design. 

Proposal 6: Dynamic indication of subframe pattern via scheduling is supported in NR. 

Proposal 7: Semi-static configuration of DL:UL subframes is also supported in NR. 
Proposal 8: Subframe duration of a default numerology {SCi, NCP/ECP} where SCi = 2i * 15 kHz in a carrier is 1/2i msec. 

Proposal 9: Based on base numerology, in a subframe, the first OFDM symbol has longer CP compared to other 6 OFDM symbols in every 7 OFDM symbols when NCP is used. 
Proposal 10: One RB consists of 16 subcarriers x 14 OS with numerology {SCi = 2i * 15 kHz, NCP}.

Proposal 11: Further investigation on resource block definition for inband multiplexing of different numerologies is necessary. 
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