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1. Introduction
In this contribution, the necessity of new frame structure design for new RAT is discussed first and then our views on the related design considerations and potential directions for  frame structure design are provided in Section 2. Finally, proposals are summarized in Section 3.
2. Design Considerations
According to [1], user plan latency requirements for URLLC & eMBB are 0.5ms for UL/DL and 4ms for UL/DL, respectively. For eMBB, the evaluation needs to consider all typical delays associated with the transfer of data packets in an efficient way (e.g. applicable procedural delay, averaged HARQ retransmission delay, impacts of network architecture). Though our preference is to prioritize designs for eMBB in phase 1, forward compatibility to URLLC needs to be kept. Existing LTE frame structure with 1ms subframe structure can’t facilitate efficient operation to meet the latency requirements for both URLLC & eMBB. Therefore, a new frame structure design is needed for new radio access technology.
The new frame structure should fulfill the following design considerations.
System aspects:

· Meet the user plan latency requirements for both eMBB & URLLC

· Optimize for dense urban (ISD = 200m), urban macro (ISD = 500m) & indoor deployment scenarios
· Designs for eMBB are optimized for dense urban & urban macro deployments
· Designs for URLLC are optimized for small cell layer of dense urban & indoor hotspot deployments
· Unified frame structure for efficient operation in both licensed and unlicensed spectrums

· Support multiplexing of eMBB and URLLC in new RAT
· Deployment of LPWA MTC applications in lower frequency bands, e.g. < 1GHz, is preferred
· New RAT is expected to be deployed in > 3GHz spectrums
· Support flexible TDD DL/UL ratio

· Optimize TCP/IP operation efficiency
· Support efficient interworking between LTE and new radio access technology

· Simplified HARQ operation in TDD
UE aspects:

· Feasible UE DL/UL transition time
· Sufficient UE processing time for DL control/data decoding & UL control/data encoding
3. Potential Directions
Introduction of subframe length ≤ 0.25ms
To meet the user plan latency requirements for both eMBB & URLLC, shorter subframe length ≤ 0.25ms is needed [2]. To have shorter subframe length ≤ 0.25ms, there could be two options. Option #1 is currently discussed in Release 14 latency reduction study for LTE and Option #2 is related to the discussion on OFDM numerology for new radio access technology.  Considering single frame structure design for up to 100GHz, from our views, Option #1 may not be able to keep both operation efficiency (e.g. spectrum efficiency) and forward compatibility (e.g. support of mmWave spectrums) at the same time so Option #2 is preferred.  More technical reasons can be found in [3]. 
Option #1: Reduced OFDM symbols within a subframe

Option #2: Reduced OFDM symbol time length
Support of flexible subframe in all subframes except those for common PHY control
In existing TDD LTE design, HARQ-ACK timing is irregular (e.g. 4-6 ms HARQ-ACK latency) and thus it results in complicated HARQ-ACK feedback mechanism (e.g. HARQ-ACK bit bundling/multiplexing, different PUCCH types to support HARQ-ACK feedback in carrier aggregation) due to fixed subframe configuration. To simplify HARQ-ACK feedback mechanism, each subframe except those for common physical signals or control channels can be a flexible subframe (i.e. subframe type switch between multiple supported subframe types based on the system demands).  With the support of flexible subframe, flexible TDD DL/UL ratio can also be supported if needed.
Support of DL-only, UL-only, enhanced special subframe types in a flexible subframe
Introduction of enhanced special subframe in a flexible subframe not only simplifies HARQ-ACK feedback mechanism but also reduce the potential HARQ-ACK latency in unlicensed spectrum.  There could be two options.

Option #A: The supported subframe types in a flexible subframe include enhanced special subframe with different DL/UL ratios only, as shown in Figure 1
Option #B:  The supported subframe types in a flexible subframe include DL-only subframe, UL-only subframe and enhanced special subframe, as shown in Figure 2
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Figure 1: Illustration of Option #A
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Figure 2: Illustration of Option #B
Both Option #A & #B can support flexible TDD DL/UL ratio with different time resolution.  Option #A can support flexible TDD DL/UL ratio in subframe level but the cost is the potential overhead for guard period.  Option #B can support flexible TDD DL/UL ratio in multi-subframe level only but its potential overhead for guard period is less than Option #A.  According to the study in eIMTA, flexible TDD DL/UL ratio in 10ms level is sufficient so Option #A may be over design.  Though the potential overhead due to guard period can be reduced by decreasing guard period in Option #A, the feasibility of UE DL/UL transition time and the targeted deployment scenarios need to be considered jointly.  Furthermore, Option #B can cover Option #A if needed.  Therefore, Option #B seems to be a better solution based on the considered aspects.
Radio frame boundary alignment between New RAT and LTE
Since the timing calculation in protocol layers is based on a radio frame in LTE, it may result in high complexity in both network and UE for the interworking design between LTE and new RAT, e.g. carrier aggregation, dual connectivity, if the radio frame boundaries between LTE and new RAT are not aligned.  Though it’s still not clear what kind of interworking design between LTE and new RAT will be supported, it can avoid potential restrictions for designs at the very early stage if new RAT radio frame boundary aligns with LTE one.  Considering efficient interworking between LTE and new radio access technology, it is suggested that new RAT radio frame boundary should be aligned with LTE one, as shown in Figure 3.
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Figure 3: Relationship between LTE radio frame and new RAT radio frame
4. Conclusion
This contribution provides our views on the frame structure design for new RAT. Proposals are summarized as follows.
Proposal #1: New frame structure design is introduced in new RAT.
Proposal #2: The new frame structure for new RAT should fulfill the following design considerations.

· Meet the user plan latency requirements for both eMBB & URLLC

· Optimize for dense urban (ISD = 200m), urban macro (ISD = 500m) & indoor deployment scenarios
· Unified frame structure for efficient operation in both licensed and unlicensed spectrums

· Support multiplexing of eMBB and URLLC in new RAT
· Support flexible TDD DL/UL ratio

· Optimize TCP/IP operation efficiency

· Support efficient interworking between LTE and new radio access technology

· Simplified HARQ operation in TDD

· Feasible UE DL/UL transition time

· Sufficient UE processing time for DL control/data decoding & UL control/data encoding
Proposal #3: The following directions should be considered in the frame structure design for new RAT.

· Introduction of subframe length ≤ 0.25ms
· Support of flexible subframe in all subframes except those for common PHY control

· Support of DL-only, UL-only & enhanced special subframe types in a flexible subframe
· Radio frame boundary alignment between New RAT and LTE
5. References
[1] RP-160689, “TR 38.913 v0.3.0”.
[2] R2-162412, “DISC latency of new radio access”, MediaTek Inc.
[3] R1-162795, “Numerology considerations for next generation new radio access”, MediaTek Inc.
