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[bookmark: _Ref458774792]Introduction
In the RAN1#85 meeting, a number of agreements was achieved on numerology and frame structure for new radio (NR). In particular: 
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs
· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported
· 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)
· Following timing relationships are indicated to a UE dynamically and/or semi-statically
· Timing relationship between DL data reception and corresponding acknowledgement
· Timing relationship between UL assignment and corresponding UL data transmission
· Following timing relationship is FFS whether fixed and/or dynamically and/or semi-statically indicated
· Timing relationship between DL assignment and corresponding DL data reception
The contribution provides overview of the frame structure based on our companion contributions, mainly shows the key points of each contribution related to frame structure. Firstly flexible frame structure with different numerologies is discussed and mainly focused on coexistence of different numerologies in FDM within a same NR carrier bandwidth. Then some terminologies related to frame structure, time domain structure, channelization design and HARQ mechanisms are briefly discussed. Finally some functionalities and features are discussed on top of frame structure including support of dynamic TDD, flexible duplex, and licensed-assisted operation in unlicensed band.
[bookmark: _Ref129681832]Discussion
Flexible frame configurations and co-existence
Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported [1]. Therefore, a frame structure of NR should be configurable with different numerologies, such as subcarrier spacing, cyclic prefix length, and GP (Guard Period). 
Co-existence of multiple frame configurations can be supported with the introduction of filtered OFDM (f-OFDM). As discussed in the companion contribution [2], f-OFDM can separate a carrier bandwidth into different frequency partitions and mitigate inter-partitions interference if different numerologies are used in different partitions. An example for co-existence of multiple frame configurations in paired bands is shown in Fig. 1. In addition, for unpaired bands, GP position needs to be aligned to avoid DL/UL cross link interference and simplify coexistence. An example of co-existence of multiple frame configurations in unpaired bands with aligned GP position is shown in Fig.2 (detailed subframe types can refer to section 2.2).


[bookmark: _Ref458771709][bookmark: _Toc439324330][bookmark: _Ref450662778]Fig. 1. Example of co-existence of multiple frame configurations for paired bands.
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[bookmark: _Ref450663142]Fig.2. Example of co-existence of multiple frame configurations for unpaired bands.
[bookmark: OLE_LINK5]Proposal 1: Different frequency partitions of the same carrier can be configured with different numerologies (subcarrier spacing, cyclic prefix length, guard period)
[bookmark: _Ref458763191][bookmark: _Ref450663121]Physical design on frame structure aspects 
Terminologies related to frame structure
· Subframe definition and functionalities
Subframe duration is defined from a basic time unit of 1 ms corresponding to a basic subcarrier spacing f0 with a given number of OFDM symbols for a given CP length. Then the subframe duration scales with subcarrier spacing, thus other subframe durations of 0.5ms, 0.25ms, 0.125ms or even shorter could be supported with subcarrier spacing increasing. Two examples of subframe duration scaling with subcarrier spacing are shown in Fig. 3, where subframe duration with 0.5ms (example 1) or 1ms (example 2) can be corresponding to a subcarrier spacing of 15 kHz with 7 or 14 OFDM symbols with a normal CP length.
Besides subframe being defined as a basic time unit, the functionalities of subframe should provide a cell-specific clock for transmissions including synch signals and MIB/SIB, and describe the time domain structure for mapping transmitted signals, e.g. data, control and RS location, and split DL/UL portions and switch point.


[bookmark: _Ref458764692]Fig.3. Examples of subframe duration varying with subcarrier spacing.
Proposal 2: Subframe duration is defined from a basic time unit of 1 ms corresponding to a basic subcarrier spacing f0 with a given number of OFDM symbols for a given CP length, and the subframe duration scales with subcarrier spacing.
· Shorter subframe durations than 1ms  are supported with the subcarrier spacing increasing.
· Longer subframe duration with the subcarrier spacing decreasing is FFS. 
· Transmission time unit (TTU)
TTU is defined as a terminology for “scheduling unit” in the time domain. TTU is a UE-specific term, and different UEs correspond to different TTUs which can be multiplexed in FDM or TDM manner. Within one subframe, typically one TTU is supported as shown in Fig.4, but a long TTU may cover more than one subframe. The transmitted OFDM symbols of one TTU may not fully occupy one subframe duration, e.g. one DL-TTU in DL-dominant subframe does not contain a few OFDM symbols occupied by a short UL part and a GP.


[bookmark: _Ref458767255]Fig.4. An example of one subframe with one transmission time unit.
Proposal 3: TTU is defined as a terminology for “scheduling unit” in time domain.
· TTU is a UE-specific term, and different UEs correspond to different TTUs which can be multiplexed in FDM or TDM manner.
· A TTU can occupy one or more subframes in time domain.

· Physical resource block (PRB)






A physical resource block (PRB) is defined as  consecutive OFDM symbols in the time domain and  consecutive subcarriers in the frequency domain, where  is related to CP length (e.g. for normal CP,  for extended CP) and  can be fixed to 12 regardless of subcarrier spacing.


Proposal 4: A physical resource block (PRB) is defined as  consecutive OFDM symbols in the time domain and  consecutive subcarriers in the frequency domain regardless of subcarrier spacing as a starting point. Other PRB sizes are FFS.

· Definition of a radio frame
For the definition of a radio frame, the following alternatives should be considered: 
· Alt.1: Keep 10ms length as LTE
· Alt.2: TRF = T0 * m, where TRF is the length of a radio frame, T0 = FFS, m is an integer chosen from a set of possible positive values. 
For Alt.1, NR can inherit the designed schemes from LTE. On the other hand, Alt.2 may provide flexibility for new services and numerologies. The radio frame length may be defined in relation to beam sweeping periodicity, common channel periodicity, UL-DL configurations, etc. 

[bookmark: _Ref458774138]Time domain structure
Based on the discussion and agreements in RAN1#85 meeting, a mixed DL and UL time domain structure (DL-dominant and UL-dominant) is promising for NR. As further analyzed in [3], mixed DL and UL time domain structures can support of self-contained properties, enable fast SRS transmission and CSI feedback, enable short HARQ RTT and low latency and support better utilization of dynamic TDD. Besides the mixed DL and UL time domain structure, a DL-only time domain structure and an UL-only time domain structure are also proposed in [3] as shown in Fig.5. Firstly, they may be combined with the DL-dominant structure and UL-dominant structure to reduce GP overhead in some scenarios. Secondly, they are needed for paired spectrum.
Note: a basic length of time domain structure can correspond to a subframe duration.
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[bookmark: _Ref458771714][bookmark: _Ref458771697][bookmark: _Ref450663246][bookmark: _Ref457826816]Fig.5. Time domain structures for new radio.

Proposal 5: Three time domain structures should be supported for the new radio. 
· DL-only time domain structure composed of a DL transmission part 
· UL-only time domain structure composed of an UL transmission part
· Mixed DL and UL time domain structure composed of a DL transmission part (located at the beginning), a guard and an UL transmission part (located at the end)
· DL-dominant: a DL transmission part (mainly for data assignments and data), a guard, a configurable short UL transmission part (mainly for UCI and SRS) 
· UL-dominant: a configurable short DL transmission part (mainly for data assignments), a guard, a UL transmission part (mainly for data, UCI and SRS)

Channelization design
· Downlink control channel
As proposed in [4], a self-contained hierarchical control channel as shown in Fig.6 can be considered for enabling beam-based transmission, low latency with fast decoding of the control and data, and on-demand transmission, e.g. support configurable time and frequency control resource. A first level DL control channel located at the beginning (e.g. the first symbol) of a subframe should be supported in NR, which can be used to schedule the essential system information and also could be used for unicast scheduling. A second level DL control channel embedded in the data region in DL-dominant or DL-only subframes can also be considered for NR, and the time-frequency resource for the second level control channel can be indicated by the first level control channel.


[bookmark: _Ref458772135]Fig.6. An example of self-contained hierarchical control channel.

Proposal 6: A self-contained hierarchical control channel can be considered for NR.
· A first DL control channel located at the beginning (e.g. the first symbol) of a subframe should be supported with blind detections.
· The time-frequency resource of the second-level control channel embedded in the data region can be indicated at least by the first-level control channel.
· Support self-contained DMRS transmission for both first-level control channel and second-level control channel.

· Uplink control channel
As further discussed in [4], uplink control channel with a few symbol(s) should be studied in terms of mixed DL and UL subframes including DL-dominant subframe and UL-dominant subframe, which can enable fast UCI feedback and support of diverse coverage requirement. Configurable HARQ timing should be supported and may result in different HARQ-ACK payload in different subframes considering possible dynamic change for the subframe types especially for dynamic TDD. In order to achieve on-demand transmission for uplink control channel, uplink control channel design should aim to enable flexible time and frequency resource in each subframe.
It can be expected that different UCI types would be supported in NR, e.g. HARQ-ACK, CSI and possible some beam related information as mentioned in [4]. The uplink control channel formats for different UCI types need to be studied. Multiplexing of different UCI types on uplink control channel needs to be studied also including multiplexing of uplink control information and SRS as well.
Proposal 7: The following aspects should be studied for uplink control channel in NR:
· Uplink control channel with a few symbol(s), e.g. one symbol. 
· Mechanism(s) to enable flexible time and frequency resource in different subframe.
· Multiplexing of different UCI types and SRS

HARQ mechanisms
· Short HARQ timing
As agreed in the RAN1 #85 meeting [1], NR design should strive at least to enable the possibility for corresponding acknowledgement reporting shortly after the end of the DL data transmission and corresponding uplink data transmission shortly after reception of UL assignment. Corresponding to the discussion in section 2.1 [5], NR should aim to enable the possibility of indicating the following time relations to a UE, including 
· DL data and the corresponding A/N in the same subframe
· UL grant and the corresponding UL data in the same subframe
As discussed in [5], retransmission does not contribute a lot to latency since the typical retransmission probability is about 10%. To some extent, the corresponding retransmission is performed based on scheduling implementation and possible one or more subframes later.
Proposal 8: NR should aim to enable the possibility of indicating the following time relations to a UE dynamically and/or semi-statically. UE capability report can be considered for NR. 
· DL data and the corresponding A/N in the same subframe
· UL grant and the corresponding UL data in the same subframe
Proposal 9: NR should aim to enable the possibility of retransmission in subframe n+2 corresponding to the initial transmission in subframe n, for both DL and UL. 
· Configurable HARQ timing
Configurable HARQ timing should be supported for different services and/or different UE processing capabilities, two options can be considered including:  
· Opt 1: The HARQ timing can be configured semi-statically (RRC signaling)
· Opt 2 : The HARQ timing can be configured dynamically (e.g. by DCI)
An example of configurable HARQ timing is shown in Fig.7. For low latency service or small packet transmission, self-contained properties can be supported including the short HARQ timing between DL data and the corresponding A/N, UL grant and the corresponding UL data. For non-critical eMBB service or large packet transmission, more processing time is needed and accordingly HARQ timing is longer. 
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[bookmark: _Ref458772840][bookmark: _Ref458772835][bookmark: _Ref450663453][bookmark: _Toc439324313]Fig.7. An example of configurable HARQ timing.
Proposal 10: NR should support configurable HARQ timing for difference services and/or different UE capabilities. Both semi-statically signaling and dynamic signaling can be further studied.  

Features on top of frame structure
Support of dynamic TDD 
NR should support different TDD UL/DL configurations for unpaired spectrum in order to match different uplink to downlink traffic loads. As discussed in [6], dynamic TDD is promising in NR since it can improve spectral efficiency by matching the resource with the instantaneous traffic situation better. In order to exploit the fully dynamic indication of transmission direction of each subframe, the signaling design needs to enable dynamic resource on a subframe basis. Besides dynamic TDD, a rather semi-static operation for DL and UL usage is required in other deployments, e.g. deployments in which strong eNB-to-eNB interference or UE-to-UE interference cannot be sufficiently mitigated. Coexistence of NR and LTE TDD in neighboring carrier frequencies is another motivation to allow semi-static subframe allocation for DL and UL in the NR carrier.
Proposal 11: Different TDD UL/DL configurations should be supported in NR.
· Dynamic TDD should be supported to better match instantaneous traffic load.
· Semi-static UL/DL configurations should also be supported to mitigate cross-link interference, facilitate coordination among different operators, support coexistence of NR and LTE TDD, etc. FFS the detailed candidate TDD UL/DL configurations.

Flexible duplex
The frame structure of new radio for TDD can be composed of subframes including all subframe types as mentioned in section 2.2.2. For FDD, the frame structure can typically be composed of subframes including DL-only subframe and UL-only subframe as shown in Fig.8(a). For paired bands using flexible duplex (e.g. low power small cells are allowed to transmit in the uplink portion of the band) as discussed in [8], flexible duplex is applicable to a paired spectrum where DL and UL transmission can occur in each part of the paired spectrum. The frame structure as shown in Fig.8(b) can be considered including mixed DL and UL subframe type 3. In addition, some UL signal (e.g. SRS) may be allowed in the part of the paired spectrum used dominantly for DL, such that channel reciprocity can be exploited to improve DL performance.



[bookmark: _Ref458774167]Fig.8. Flexible duplex for paired spectrum.

Frame structure for unlicensed bands
Frame structure of NR should be able to support joint operation in all spectrum bands including licensed spectrum and unlicensed spectrum with additional Listen-before-talk (LBT)[7]. The proposed subframe types in section 2.2.2 can enable efficient usage of unlicensed channel,since it can facilitate a flexible switch between DL and UL within a maximum channel occupancy time (MCOT). Two examples are shown in Fig.9 with details as described in [7]. 


[bookmark: _Ref458774835][bookmark: _Ref450741461]Fig.9. Example of frame structure for unlicensed band.
In addition, the starting or ending point of transmission in unlicensed bands can be flexible within one subframe duration. 
Conclusion
The contribution provides overview of the frame structure based on our companion contributions, mainly shows the key points of each contribution related frame structure. The proposals are listed as follows:
Proposal 1: Different frequency partitions of the same carrier can be configured with different numerologies (subcarrier spacing, cyclic prefix length, guard period).

Proposal 2: Subframe duration is defined from a basic time unit of 1 ms corresponding to a basic subcarrier spacing f0 with a given number of OFDM symbols for a given CP length, and the subframe duration scales with subcarrier spacing.
· Shorter subframe durations than 1ms are supported with the subcarrier spacing increasing.
· Longer subframe duration with the subcarrier spacing decreasing is FFS.
· 
Proposal 3: TTU is defined as a terminology for “scheduling unit” in time domain.
· TTU is a UE-specific term, and different UEs correspond to different TTUs which can be multiplexed in FDM or TDM manner.
· A TTU can occupy one or more subframes in time domain.
· 


Proposal 4: A physical resource block (PRB) is defined as  consecutive OFDM symbols in the time domain and  consecutive subcarriers in the frequency domain regardless of subcarrier spacing as a starting point. Other PRB sizes are FFS.

Proposal 5: Three time domain structures should be supported for the new radio. 
· DL-only time domain structure composed of a DL transmission part 
· UL-only time domain structure composed of an UL transmission part
· Mixed DL and UL time domain structure composed of a DL transmission part (located at the beginning), a guard and an UL transmission part (located at the end)
· DL-dominant: a DL transmission part (mainly for data assignments and data), a guard, a configurable short UL transmission part (mainly for UCI and SRS) 
· UL-dominant: a configurable short DL transmission part (mainly for data assignments), a guard, a UL transmission part (mainly for data, UCI and SRS)

Proposal 6: A self-contained hierarchical control channel can be considered for NR.
· A first DL control channel located at the beginning (e.g. the first symbol) of a subframe should be supported with blind detections.
· The time-frequency resource of the second-level control channel embedded in the data region can be indicated at least by the first-level control channel.
· Support self-contained DMRS transmission for both first-level control channel and second-level control channel.

Proposal 7: The following aspects should be studied for uplink control channel in NR:
· Uplink control channel with a few symbol(s), e.g. one symbol. 
· Mechanism(s) to enable flexible time and frequency resource in different subframe.
· Multiplexing of different UCI types and SRS

Proposal 8: NR should aim to enable the possibility of indicating the following time relations to a UE dynamically and/or semi-statically. UE capability report can be considered for NR. 
· DL data and the corresponding A/N in the same subframe
· UL grant and the corresponding UL data in the same subframe

Proposal 9: NR should aim to enable the possibility of retransmission in subframe n+2 corresponding to the initial transmission in subframe n, for both DL and UL. 

Proposal 10: NR should support configurable HARQ timing for difference services and/or different UE capabilities. Both semi-statically signaling and dynamic signaling can be further studied.  

Proposal 11: Different TDD UL/DL configurations should be supported in NR.
· Dynamic TDD should be supported to better match instantaneous traffic load.
· Semi-static UL/DL configurations should also be supported to mitigate cross-link interference, facilitate coordination among different operators, support coexistence of NR and LTE TDD, etc. FFS the detailed candidate TDD UL/DL configurations.
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