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Description
From RAN1 #84b meeting, there was agreement for the following email discussion [84b-15]:
Email discussion until 9th May about the frame structure by focusing on understanding of DL/UL/Sidelink time domain structure containing RS, the assignment, the acknowledgement, and data.
In order to facilitate the discussion, an initial email provided questions regarding frame structure:
1. Is it needed to define a subframe and subframe types for facilitating further discussion?
· If yes, is it needed to have different types for paired and unpaired spectrum?
· If yes, how should subframe be defined? How should subframe types should be defined?
2. Should there be a notion of a time-interval which contains data and the RS used to demodulate the data?
· If you answered yes to Q1 (i.e., need a subframe definition/term), should this said time-interval equal one subframe? And should every subframe contain RS needed for demodulation?
· Should this time-interval additionally contain the assignment for data transmission?
· Should this time-interval additionally contain the acknowledgement for data transmission?
· Are there any differences for this time interval when considering uplink, downlink, and sidelink? (E.g., should uplink contain acknowledgement of data reception)?
3. How should this time-interval be scalable in duration? 
· Please list a set (or range) of lengths that should be considered, along with intended use case. If you answered yes to Q1, you may indicate in terms of subframe lengths.
4. Are there any other considerations you would like to add?

In the next section, we summarize some of the main points of this discussion. The original answers from participants are in the Appendix.
Discussion
Purposes for defining a “subframe”
Responses to Question 1 surveyed the motivations for defining a subframe as a starting point for the NR frame structure. Even companies, who did not agree that a subframe definition was needed this early, still discussed similar notions important to the subframe definition. These notions for defining a subframe are described in the table below.

	Time interval
	Design relevance

	Unit of time needed for maintaining system time
	Synchronization and discovery procedures

	Atomic building block for signals and channels
	Common time structure building block which may be de-coupled from physical time and allow for scaling across numerologies 

	Minimum time granularity for a transport block
	UE buffering requirements, scheduling flexibility, service latency

	Duration for containing a control burst
	Nominal coverage of downlink and uplink control channels

	Interval between control messages
	Scheduling flexibility, possibly tied with numerology or service

	Interval between control messages and their responses
	Self-contained nature of transmission and data transactions between source and destination, e.g., response to resource assignment (grant) or acknowledgement of data transmission.



Although many of the above concepts are common to LTE and will eventually find definition in NR, one shared concept by many was to define certain time interval building blocks in terms of symbols so that they may be de-coupled from physical time and then scale with numerology. There were further suggestions to have a scalability by an integer value such that subframe time can meet an absolute timing requirement such as 1ms.
Potential Agreement 1: NR frame structure should defined using two basic types of time intervals: time interval A which would be expressed as multiple of symbols, and time interval B which is expressed as absolute time (nominally 1ms). An integer scaling relationship between these two time intervals may follow from the numerology for subcarrier spacing.
Note that time interval A could correspond to a schedulable time interval in some resource grid. In such a case, if this interval is scaled down through shortening the symbol duration (and widening the subcarrier spacing), then the active bandwidth will scale accordingly for the same number of active subcarriers. Accordingly, a base unit for frequency resource granularity may also be made scalable commensurate with the time scaling, e.g., so that the same number of time-frequency dimensions is preserved.
Observation 1: When the time interval A is shortened/extended, the frequency granularity is also scaled to wider/narrower. One atomic block size is defined dimensioned by one time interval A and one frequency granularity.
One other consideration is numerology multiplexing, which may be even on the same carrier or from same TRP on the network. In such a case, it is natural to expect time interval B to be an anchor point across all numerologies, whereas the alignment along time interval A across the different numerologies may be a separate design consideration. Such details are important but beyond the initial scope of the email discussion.
Commonalities between paired and unpaired spectrum
The following response seemed to be universal across the responses. 
Potential Agreement 2: An atomic block size is basically common between paired and unpaired spectrum. Specific optimization for paired and unpaired spectrum is not precluded.
Although initially it was mentioned that that unpaired spectrum may need additional flexibility to accommodate guard time and switching, this did not warrant completely different building blocks from paired spectrum. Note that even dynamic sidelink operation in the uplink band of paired spectrum may leverage such blocks intended for unpaired spectrum.
Transmissions within time intervals
The question of subframe types lead to responses related to the transmission activity across the uplink and downlink, or more generally, from the source to destination and from the destination to the source. For instance, a common answer among companies was the notion of the following three types of transmissions within a given time interval.
[bookmark: _Ref450882447]Table 1. Interval transmission types
	Interval transmission type
	Description

	Downlink transmission interval
	The TRP is transmitting for the entirety of some given time interval

	Uplink transmission interval
	The UE is transmitting for the entirety of some given time interval

	Hybrid or bi-directional transmission interval
	The UE is transmitting partially across some given time interval, and the TRP is transmitting partially across the that same given interval (e.g., to accommodate guard time switching between transmit/receive in TDD)



Observation 2: There was commonality in defining time interval A to have up to one switch between DL and UL. 
However, among further review of comments it was not as clear that this particular structure definition would be forward compatible, for example for such use cases below: 
· Interference measurements to support dynamic TDD
· Service multiplexing such as with EMBB/URLLC
· [bookmark: _GoBack]Distributed scheduling, sidelink operation, or backhaul operation
 
Potential Agreement 3: Consideration of baseline frame structures in Table 1, but FFS multiple gaps within time interval A with respect to forward compatibility.
Confining data and RS
Most companies agreed that there should be a notion of time-interval containing data and the RS used to demodulate the data. For companies that had chosen to define subframes, the time-interval could be a single subframe or span multiple subframes. A large majority of responses agreed to support a flexibility of not needing the RS in every subframe (e.g., for multi-subframe scheduling).
Potential Agreement 4: The RS used to demodulate a data transmission is located FFS near before and/or within a time interval A. FFS whether a time interval A always has the RS used to demodulate a data transmission.
It is important to note that this does not preclude early warmup RS that may be needed just prior to a data transmission, nor preclude the reuse of RS from previous data bursts which may be recent enough and within the coherence time of the channel. Additionally, although RS may not be required for every time-domain building block in the frame structure, which can hold a transport block of data, the above proposal implies the RS would be confined to such an interval.
Shortening response times
When asked whether the data assignment for the data transaction should be confined within the same interval to which the data was transmitted, it is natural to assume this is true for the downlink, as in LTE. However, the responses here varied when the uplink transmission in response to grant was being considered, particularly if the response followed by the grant occurred within some fundamental time interval unit such as a subframe. 
Similarly, when asked whether the acknowledgement for the data transaction should be confined within the same interval to which the data was transmitted, the responses varied based on whether or not the interval was a fundamental time building block.
In both cases, concerns arose with the implementation processing timeline required. It should be noted that some further discussion across other channel aspects in order to lead to a hardware efficient implementation for tightened timelines. An a example of this is illustrated below. 


Figure 1. Hardware efficient slot-based (a) and symbol-based  (b) system design

Potential Agreement 5: The NR design should strive to reduce the time between the assignment to the corresponding data and the time between the data to the corresponding acknowledgement. FFS whether the time can be short enough so that  the exchange is confined within time interval A.
Although this is a motivating requirement distinct from LTE, there was concern that not all device categories might be able to meet such a requirement. There are two important implications here. First, if there is a fundamental time domain structure that contains one TDD downlink and one TDD uplink transmissions, it is clear that a shortened processing timeline for immediate turnaround could achieve the best confinement. Second, if the response needs to be relaxed to occur across multiple time domain structures, this has implications on providing sufficient opportunities for control within each time interval structure, in order to minimally confined the overall transaction. This is illustrated in Figure 2 below. The left (a) shows a dynamic TDD instance when there is a single interlace structure for grant-then-transmission, and transmission-the-acknowledgement. The right (b) shows the same dynamic TDD instance where the responses to grants and data decoding are delayed by one timing (or schedulable time) unit.


[bookmark: _Ref450900854][bookmark: _Ref450900838]Figure 2. Dynamic TDD with single interlace (a) and delayed-response (b)
One last note is that the notion of signal confinement need not be restricted to a contiguous time period. For instance, for interlaced structures it is possible to provide interlaced blank positions for forward compatibility, and the complement is confinement of the NR transmissions.
Scalability of time intervals
The scalability to the time intervals for the above operations essentially were proposed along two approaches. 
Potential Agreement 6: The scaling of time interval A is realized by the changing the number of the symbols without changing the numerology, or by the keeping the number of the symbols with changing the numerology.  
Companies illustrated the first approach through examples of subframe aggregation (when subframe was defined) or scaling number of subframes per symbol (or mini-frames, or other terms for the time-domain building blocks). This seemed a more naturally application of approaches already adopted in LTE. The other aspect of scaling related to numerology scaling, is a new concept appropriate for NR which needs to address multiple numerologies.
Further considerations
Finally, it should be noted that when companies were asked about what additional questions should have been included, several important considerations were mentioned. These can be addressed in future discussions.
· When considering service multiplexing (e.g., between EMBB, URLLC, and MMTC on same carrier), should the frame structure across these services consist of the same atomic building blocks?
· What further aspects of procedure and scheduling should be considered, before focusing on the time interval containing data and RS, and possibly assignments and acknowledgements?
· What assumptions can a UE make about frame structure upon initial acquisition?
· Should the frame structure be decomposed into three de-coupled quantities, namely a TTI, a minimum resource unit, and counting unit?
· What about the backhaul links? 
Conclusion
Potential Agreement 1: NR frame structure should defined using two basic types of time intervals: time interval A which would be expressed as multiple of symbols, and time interval B which is expressed as absolute time (nominally 1ms). An integer scaling relationship between these two time intervals may follow from the numerology for subcarrier spacing.
Observation 1: When the time interval A is shortened/extended, the frequency granularity is also scaled to wider/narrower. One atomic block size is defined dimensioned by one time interval A and one frequency granularity.
Potential Agreement 2: An atomic block size is basically common between paired and unpaired spectrum. Specific optimization for paired and unpaired spectrum is not precluded.
Observation 2: There was commonality in defining time interval A to have up to one switch between DL and UL.
Potential Agreement 3: Consideration of baseline frame structures in Table 1, but FFS multiple gaps within time interval A with respect to forward compatibility.
Potential Agreement 4: The RS used to demodulate a data transmission is located FFS near before and/or within a time interval A. FFS whether a time interval A always has the RS used to demodulate a data transmission.
Potential Agreement 5: The NR design should strive to reduce the time between the assignment to the corresponding data and the time between the data to the corresponding acknowledgement. FFS whether the time can be short enough so that  the exchange is confined within time interval A.
Potential Agreement 6: The scaling of time interval A is realized by the changing the number of the symbols without changing the numerology, or by the keeping the number of the symbols with changing the numerology.  
Appendix: Questions and responses
Is it needed to define a subframe and subframe types for facilitating further discussion?
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]If yes, is it needed to have different types for paired and unpaired spectrum?
· If yes, how should subframe be defined? How should subframe types should be defined?

	Company
	Response

	ZTE
	Yes, we should define a time structure which may be called something like ‘subframe’. However, to differentiate with LTE’s subframe which has a constant length of 1ms, we propose to utilize another term, e.g. NR_subframe The absolute time duration of an NR_subframe can scale, for example by reducing the number of symbols contained in an NR_subframe. In our view, the NR_subframe is the smallest time-domain structure to be schedulable. 
· If yes, is it needed to have different types for paired and unpaired spectrum?
· If yes, how should subframe be defined? How should subframe types should be defined
No, the subframe types for paired spectrum may be used also for unpaired spectrum. Moreover, for unpaired spectrum, there should be at least three types of NR_subframes, i.e. type 0: all downlink NR_subframe, type 1: all uplink NR_subframe, type 2: hybrid NR_subframe with both uplink and downlink signals. For paired spectrum, we may only need NR_subframe of type 0 and type 1. Additionally, we prefer a unified design for paired and unpaired spectrum as far as possible 

	InterDigital
	Yes, we think it may be useful to define an organization of signals and channels within a time duration, e.g. a subframe. 
Instead of defining multiple “types” of subframes for paired/unpaired spectrum or UL/DL/SL transmission, our preference would be to define a single basic structure that would be applicable to all cases. The components of this structure can consist of a UE-reception (i.e. downlink or receive sidelink) interval followed by a transmission gap and a UE-transmission (i.e. uplink or transmit sidelink) interval. Each interval can include a control region and a data region. The duration of each interval/region can be parameterized depending on the specific case (e.g. for an FDD subframe the duration of the downlink interval or uplink interval, as well of the transmission gap, is zero). 

	Nokia
	Yes, there is a need to define a subframe and subframe types. 
· The subframe is a time entity which comprises of multiple symbols. 
· A transport block can be mapped to one or multiple subframes. For example in LLC, multiple transmission blocks may also be mapped in one subframe..
· Transmissions are organized into radio frames (e.g. 10 ms) consisting of an integer multiple of subframes with a predefined length. 
· Subframe consists of an integer multiple of OFDMA symbols (M) for a given subcarrier spacing. 
· Three subframe types are needed for providing the basic NR functionality covering both paired and unpaired spectrum
· DL only subframe
· UL only subframe
· Bi-directional subframe
· Usage of DL only or UL only subframes and allocation of multiple consecutive DL only or UL only subfames is not limited to paired spectrum. 
· Bi-directional subframe, facilitates link direction switching between DL and UL and it contains a DL part or an UL part, or both, and a GP

	NTT DOCOMO
	It is fine to define subframe and subframe types for NR if it eases further discussion. However, it may not be essential at this stage, especially for discussions regarding time-domain scheduling/HARQ operation.  Even if they are to be defined, these should not be restrictive to consider/study variable/fixed length(s) of data transmission interval(s), variable/fixed length(s) of UCI transmission interval(s), and variable/fixed time gap(s) between DL reception and UCI transmission or between DL control and UL data transmission.
As already mentioned above briefly, rather than starting from subframe and subframe type definition, we consider crystallizing the following aspects may be more important:
1. Duration (or the number of symbols) and/or periodicity of DL control in which a UE shall monitor. Whether these are UE-specific or UE-common. Whether it is numerology parameter-dependent or independent. Whether it is fixed or flexible (either in semi-static or in dynamic manner).
2. Duration (or the number of symbols) of DL/UL transmission/reception scheduled by the above DL control. Whether it is UE-specific or UE-common. Whether it is numerology parameter-dependent or independent. Whether it is fixed or flexible (either in semi-static or in dynamic manner).
3. Duration (or the number of symbols) and/or timing of UL control conveying UCI feedback for the above scheduled DL reception. Whether it is UE-specific or UE-common. Whether it is numerology parameter-dependent or independent. Whether it is fixed or flexible (either in semi-static or in dynamic manner).
4. Durations of time gaps between (1) a scheduling indication of a transmission/reception and its scheduled transmission/reception, and (2) a scheduled transmission/reception and its feedback transmission/reception. Whether it is UE-specific or UE-common. Whether it is numerology parameter-dependent or independent. Whether it is fixed or flexible (either in semi-static or in dynamic manner).
5. Whether it is required to have similar scheduling/feedback latency in both TDD and FDD operations.
6. Whether it is required to support similar coverage in both TDD and FDD operations.
In addition, if we consider NR operation on unlicensed band, is it better to start transmission at a certain limited symbol positions such as the first symbol of a fixed subframe, or is it allowed to start transmission at any symbol positions? If the latter case is desirable, whether the definition of subframe is beneficial is not clear.
In the above, 1-4 should be further investigated with taking into account possible options. Regarding 5 and 6, our understanding is that it is desirable to support similar scheduling/feedback latency and coverage in both TDD and FDD operations in general, while different optimizations could be considered for TDD and FDD. For example, TDD fits well with higher carrier frequencies and hence the mechanisms for low scheduling/feedback latency with a limited control channel length can be prioritized for TDD operation, while FDD fits well with wider coverage at lower carrier frequencies and hence the mechanisms for ensuring coverage by enhancing control channel length can be prioritized for FDD operation.

	Cohere Technologies
	Yes, a subframe should be defined as a group of equally-spaced symbols per numerology where the number of symbols and the spacing between the symbols are configurable parameters (that add up to the same subframe time in all the simultaneously active numerologies). The subframe should be defined as the time unit containing scheduling information and potentially data.

	CATT
	Yes, we should define a new subframe type as the basic unit in the time interval for the counting and timing reference in NR.  We prefer to have different name, such as mini-frame, in order to distinguish with LTE 1 ms subframe.   
· The new subframe type is the basic unit in time domain for the resource allocation and transmission.  
· The new subframe is the resource grid for the mapping of the physical channel in the time domain.  
· The transport channel maps to one or multiple subframe resource grids in time, which is defined as the transmission time interval (TTI).  
· The length of new subframe type should be specified based on the following considerations,
· The new subframe should be integer multiple of OFDM symbol with smallest subcarrier spacing and much shorter than 0.5 ms in length in order to meet the 0.5 ms end-to-end latency requirements of URLLC.
· The new subframe length should be sub-multiple of 10 ms for the use of system frame counter (SFN).
· The new subframe length should be sub-multiple of 1 ms for adjacent channel interference management with LTE.   
· The new subframe is not necessary to be scalable within 1 ms.  
· The new subframe type should be specified for DL, UL and SL.
· The new subframe type  should strive to be common for operating in TDD and FDD mode


	Ericsson
	Yes, we think it in the end will be beneficial to define a term like ‘subframe’. However, to avoid lengthy discussions on the definition of a subframe, it may be advantageous to initially discuss what we want to achieve and then define the necessary terms. For example, how fast can the UE decode a downlink transmission, how fast can a UE react to a scheduling grant, etc.
Below are some of our thoughts on the term ‘subframe’:  
· One possible ‘definition’ of a subframe is the time duration, in terms of multiple OFDM symbols, corresponding to the smallest schedulable unit. (In LTE this is 1 ms although the recent latency reduction work will result in the possibility to schedule shorter durations.)
· A transport block, which arrives on a transport channel at most once per TTI, is transmitted using one or more subframes.
· There should be an integer number of NR  subframes per 1 ms LTE subframe (to simplify coexistence and tight interworking between the two)
· There should be one set of subframes types, applicable to both DL, UL, and SL, both for FDD and TDD, both for licensed and unlicensed spectrum. 
· Two subframe types are sufficient,
· ‘DL subframe’ with 0 or more OFDM symbols used for transmission , starting at the beginning of the subframe
· ‘UL subframe’ with  0 or more OFDM symbols used for transmission, ending at the end of the subframe
· With these two subfarme types we can construct a complete subframe filled with DL transmission, a complete subframe filled with UL transmission, a blank subframe, a ‘subframe’ similar to the special subframe in LTE with DL at the beginning of the time interval and UL at the end, etc.
· The same structure is useful for sidelinks (‘DL’ subframe type used by the transmitting device, ‘UL’ subframe type used by the receiving device for responsding with an ACK) 
[image: ]

	NEC
	Yes, we think it useful to have subframe definition as it is the minimum transmission unit. It should be design as a number of OFDM symbols. The exact number can be decided later. For subframe type, current FDD can work as a starting point for discussion in paired spectrum. For unpaired spectrum, it can work as bi-directional, DL only or UL only. The definition can be revised later if needed.

	Samsung
	It is desirable to define basic time domain interval, e.g. subframe. As done in LTE, the notion of subframe would facilitate channel/signal mapping to physical resources, timing for scheduling/feedback, etc. The subframe length of NR is not necessarily the same as that of LTE. 
Although the commonality between paired and unpaired spectrum would be one design target, the subframe type/structure may be different between paired and unpaired spectrum mainly due to GP for TDD.

	Qualcomm
	There should be a fundamental time unit relative to which control and data bursts may be defined; more specifically, this time unit would correspond to the smallest unit (in terms of symbols with respect to a given OFDM numerology) whereby control and data bursts can be exchanged from both the source to the destination and as well as from the destination to the source.
This concept would be common across uplink, downlink, and sidelink. This would not preclude instances where e.g., there are multiple downlink control bursts but only one uplink control burst in the time unit, or vice versa.
We could use the term "subframe" to describe this time unit if it facilitates discussion, though other terms could be used. The main point is that it reflects a fixed unit of time for further defining the frame structure.
· If yes, is it needed to have different types for paired and unpaired spectrum?
· If yes, how should subframe be defined? How should subframe types should be defined?

We prefer to define the subframe in terms of its burst components e.g., the control and data bursts with their respective RS. The control and data bursts may occupy the entire time unit or only a fraction, e.g., to provide guard time for tx/rx switching in TDD.
There may be constructions that lead to more downlink-centric (e.g., data burst is primarily in the downlink direction), or uplink-centric, or sidelink-centric subframe structures. These could also be considered as types. We envision that the components may be commonly applicable to defining subframes for both paired and unpaired spectrum.
We envision that the subframe lengths are based on the number of symbols corresponding to the OFDM numerology. More details on the scaling of lengths are given in a later answer.

	ETRI
	Yes, we need a reference time unit shorter than the radio frame to define signals/channels and DL/UL/SL transmission direction. The term ‘subframe’ can be reused for this purpose. The subframe is also essential to define types of subframes. Although providing a well-defined subframe definition seems not easy, at least its length can be defined. For example, the subframe length can be the same as base TTI length (refer to our answer to Q2) in FDD. Although the base TTI length in TDD may be different from that of FDD, the same subframe length as for FDD can be used for TDD.
As in LTE, basically three types of subframes can be used: DL subframe, UL subframe, and special subframe. These three types of subframes can apply for paired/unpaired and licensed/unlicensed spectrum. In FDD, only DL subframe and UL subframe may be needed.
If mixed numerology within a carrier is taken into account, how to define a subframe or subframe length in that case needs to be further discussed.

	Panasonic
	The term "subframe" in LTE context has many meaning like "data/control channel periodicity", "data/control mapping duration", "unit to count the DL/UL timing relation" and so on. Therefore, until RAN1 has the common understanding, we prefer not to use the term subframe. Or as discussed RAN plenary email discussion [RAN#71-04] LTE/NR existence, some co-existence mechanism is required and 1ms length could play important role. Therefore, the term subframe is just used for 1ms length equivalent. How data  are mapped, how data/control are shared, how UL/DL are shared are expressed by the other terminologies. 
Instead of discuss the term subframe, we agree DOCOMO to discuss the actual duration/periodicity of the assignment/data/acknowledgement and the timing relations among them are more important.
From periodicity/duration/timing perspective, unpaired(TDD) and unlicensed band usage has more restrictions. If these cases are designed well, paired (FDD) could be realized with rather straightforward manner with some possible optimization.

	ITL
	Yes, it is necessary to define subframe definition at least for common understanding on data/control/RS channel/signal scheduling granularity. We prefer to define group of equally-spaced symbols are consisted of one subframe, that can be configurable per a UE and different time interval has a relation in time domain which are based on integer multiple of minimum time interval.
For subframe type, we think it should be designed to have a commonality between licensed and unlicensed, because for NR we already start to consider it in a unlicensed carrier which is different from that of LTE. So we can design common NR subframe structure to operate in both licensed and unlicensed carrier e.g. DL only subframe(full or part with CCA gap)/UL only subframe(full or part with CCA gap)/DL+UL subframe with CCA gap.

	LG
	Yes, we think that defining subframe and subframe types is necessary not only for facilitating relevant discussion but also for designing actual NR frame structure. Followings are our views on overall frame structure of NR system, including some granularities in time domain.
· Radio frame is defined as absolute time of 10 msec.
· Not variable according to numerology (e.g. sub-carrier spacing)
· Subframe is defined as time duration of 14 or 12 OFDM symbols (according to CP length) for a given numerology.
· Subframe (index) 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 varies according to numerology
· Three subframe types are defined to cover both paired and unpaired spectrum
· DL only subframe
· UL only subframe 
· Bi-directional subframe
· Mini-subframe is defined as 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. URLLC)
· Absolute time of mini-subframe also varies according to numerology
· One subframe consists of multiple mini-subframes

	MediaTek
	Yes, it’s needed to define a subframe and subframe types. With the definition of subframe and subframe types, they can be used as the basic physical-layer building blocks to provide flexible TDD configuration. In addition, a unified channel structure can be defined within a subframe across all supported numerologies. For eMBB services, a subframe defines the basic periodicity for a UE to monitor DL PHY control. For other services or applications, UE may monitor DL PHY control with shorter or longer periodicity.
No, unified design is preferred for both paired and unpaired spectrum.
A subframe consists of N OFDM symbols and N is the same for all supported numerologies, given a CP length. So the time length of a subframe is scaled with the supported numerology and the maximal subframe time length is ≤ 0.5ms. It’s preferable that there are integer multiple subframes within 1ms in each supported numerology. Potential supported subframe types could be DL-only, UL-only, DL-major and UL-major.

	CMCC
	It is considered to be helpful to define a smallest time unit for NR, which can be interpreted as ‘subframe’ for NR. The functionalities of such time unit may include but not limited to timing reference, accounting for the smallest time domain block for resource allocation and transmission, etc. The length of the time unit needs to be carefully studied, which can be dependent on the requirements and the design principles of NR. 
Regarding to the subframe types, it may helpful to define three subframe types, which are DL subframe type, UL subframe type and bi-directional subframe type. For the bi-directional subframe type, it means a subframe includes both DL and UL transmission. It is suggested to keep as many commonalities as possible for operating these subframe types on paired and unpaired spectrums, and licensed and unlicensed spectrums.

	Xinwei
	Yes, we believe it is necessary to define subframes to facilitate further discussion. In the three usage scenarios (eMBB, mMTC, URLLC), resources would be arranged in different ways. In mMTC, resources might be narrow band but lasts for very long time. For URLLC, resources might be a very short burst with wide bandwidth. These different arrangements of resources should efficiently pile up to make full use of all the resources.  All possible types of above arrangement should be discussed and defined in the standardization process. Subframes should be defined as the basic element of such arrangement. It is convenient to define the concept of subframe and further discuss how these basic elements are bundled in different scenario. 
· If yes, is it needed to have different types for paired and unpaired spectrum?
The above definition of subframe doesn’t necessarily imply there would be different types for paired and unpaired spectrum. We think it needs further discussion about whether the possible self-contained types for paired and unpaired spectrum would be the same.
· If yes, how should subframe be defined? How should subframe types should be defined?
As pointed out above, subframe should be defined as the basic element of possible arrangement of resources in time domain. In different scenarios, subframes would be bundled in different ways. It might be necessary to define at least two types of subframe: control subframe and data subframe. Control subframe would be used to transmit control signaling and data subframe might follow control subframe or another data subframe. 

	Fujitsu
	Is it needed to define a subframe and subframe types for facilitating further discussion?
•	Yes. Definition of a “subframe” will be useful for describing the organization of signals in NR. The presence of different signals (and muted resources) may be defined within a subframe or across multiple subframes.
•	No: It is premature to try define generally agreed subframe types. A first step could be to characterize the different types of signals that may be present in a subframe. One problem with trying to classify a given subframe as having a particular “type” is that different entities sharing the same resources might have different understandings. However, different companies will no doubt find it useful to define and refer to different types of subframes in their own contribtions.
If yes, is it needed to have different types for paired and unpaired spectrum?
•	No: At this stage there is no need to have separate subframe definitions for paired and unpaired spectrum (although in practice some configurations might not make sense for both paired and unpaired spectrum)
If yes, how should subframe be defined? 
•	A subframe should be defined as unit of time. This time unit would contain a given number of OFDM symbols with a particular sub-carrier spacing and cyclic prefix length. 
•	A subframe extends over a defined set of resources in the frequency domain (e.g. one or more carriers, assuming “carrier” is also defined for NR)
•	In order not to preclude mixing of different sub-carrier spacings on the same carrier, the subframe duration would not necessarily scale with sub-carrier spacing. 
•	A subframe should preferably contain an integer number of OFDM symbols. This may not always be possible e.g. for small values of sub-carrier spacing
•	As far as possible, different devices sharing the same resources should have the same understanding of the subframe timing and duration (but not necessarily contents or type, if defined)
•	A subframe duration of 1ms (or a sub-multiple of 1ms, e.g. 0.5ms) would allow convenient inter-operation with LTE
•	Fixing the subframe duration (e.g. to 1ms) is preferred, but at this stage it may not be necessary to preclude having additional durations.
How should subframe types should be defined?
•	N/A: Whether such definitions are needed might emerge from further study

	Runel
(IAESI)
	Yes, basically I am in line with most of the companies but I would like  to suggest that a sub frame can use sub band and not all the BW of the Frame.
· A frame shall incorporate several New Sub frames in time and frequency, the Sub Frames in a Frame may have different  sizes.
·  New Sub Frame shall  incorporate a number of sub carriers and number of OFDMA symbols,
· The New Sub Frame may be further divided/ into smaller allocations of several appropriate New RB types  build from smaller  number of subcarriers and smaller number of OFDMA symbols.
· Each new sub frame will use  the same subcarrier spacing but may have different number of OFDMA symbols.  the total  length of sub Frame types may be in range of  ~50 microsecond to 1 ms and different number of subcarriers from  4  to the all subcarriers in a frame.
· A RB type will have the optimum RS according to its type include UE common or UE specific.
In additional to a separate  DL and UL Sub frame ,We need the associations of pairs of DL to UL sub frame working together for low delay high reliability interactive communications include fast Ack/Nck for HARQ etc.

	Huawei
	It would facilitate further discussions to define subframe and subframe type. We see the need for 3 subframe types: DL only, UL only, mixed DL and UL with 2 sub-types (with more downlink or more uplink, allowing for at least some DL and UL control to be present in a mixed DL/UL subframe).
For specification simplicity and for future-proofness, the same subframe types can be defined for paired and unpaired spectrum in RAN1. There may be restrictions for specific bands in RAN4 if needed.
A subframe is defined from a basic time 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 the subcarrier spacing, but the number of OFDM symbols and the associated time-domain structure remain the same and can be defined agnostic to the subcarrier spacing value. 
Exceptions to these principles for very high frequencies can be considered.

	Lenovo
	Yes. We think a clear definition of “subframe” will be helpful to falicitate futher discussions although we may use another terminology for NR. The following are our understanding on possible definition and characteristic of a “NR subframe”
· A “NR subframe” can be defined as the minimum scheduling unit in time for a given numerology, i.e. a “subframe” is equvilent to the minimum scheduling periodicity. Multi-subframe scheduling can also be supported.
· It is preferred to support multiple lengths of subframes for different numerologies in NR. With  scalable numerologies, it is possible to define a subframe consisting of the same number of OFDM/SC-FDMA symbols, i.e. the subframe lenths are scalable.
· To facilitate the interworking with LTE, there should be one or integer multiples of NR “subframes” within 1ms.
· A transport block can be transmitted in one or multiple subframes. Whether there is need to support multiple transport blocks within one subframe can be FFS.

· If yes, is it needed to have different types for paired and unpaired spectrum?
· If yes, how should subframe be defined? How should subframe types should be defined?
We think it will be sufficient to define three subframes types for both paired and unpaired spectrum: DL only subframe, UL only subframe and special subframe containing DL/GP/UL. For paried spectrum, there are only two kinds of subframe types while there are three subframe types for unpaired spectrum.

	Intel
	We think a similar definition as in LTE can be carried forward to NR, i.e., a subframe is of fixed length and an integer multiple of a basic time unit Ts at least for a given numerology. Similar to the special subframe in LTE, which comprises three fields (DwPTS, GP, UpPTS), an NR subframe comprises a Tx part, a Rx part, and a guard period. For paired or unlicensed spectrum but also for unpaired spectrum, subframes may only comprise either the Tx part or Rx part, i.e., the guard period and the Rx part [Tx part respectively] are of zero length. It is worth pointing out that such a frame structure design does not lead to identical subframes and does not require TDM of data and control (cf. LTE frame structure type 2). Rather, subframe “types” can dynamically and/or semi-statically be created by atomic building blocks (DL control, UL control, RS, data, guards, ….) which further sub-partition the aforementioned Tx part and Rx part, respectively. In that regard, the overall TDD design is similar to LTE and the main difference is in how the subframe “types” are signaled/configured.

	Sony
	Agree with DOCOMO. At this stage, it is more important to consider some of the types of basic building block (durations of control, durations of data, durations of time gaps, switching times, latencies etc.), before deciding whether to group these building blocks into the concept of a subframe. 
The types of building block (or concept) that would be used when/if RAN1 define a subframe in the future would be based on e.g.:
· time-unit building block (e.g. consisting of OFDM symbols: see answer to Q2)
· latency building block (e.g. timing of HARQ-ACK feedback)
· scheduling building block (e.g. timing of DL/UL assignment to data transmission)
· control building block (the control information that needs to be transferred in UL and DL)

Once RAN1 have agreed on these building blocks, they can be combined to create a subframe (if that concept is necessary).

	ITRI
	Yes, we think the definition of “subframe” can be a basic time unit and building block for physical layer.  In addition, we may classify the subframe type into “downlink only”, “uplink only” and “mixed configuration” for simplicity. 
· If yes, is it needed to have different types for paired and unpaired spectrum?
No, it is not necessary to have different types for paired and unpaired spectrum.
· If yes, how should subframe be defined? How should subframe types should be defined?
One subframe consists of N OFDM symbols in which “N” is a fixed number at least for eMMB and URLLC use cases. We can define three types of subframe “DL only, UL only, Mixed”, and a guard period only shown in a “Mixed” subframe for flexible TDD configuration. 



	
Should there be a notion of a time-interval which contains data and the RS used to demodulate the data?
· If you answered yes to Q1 (i.e., need a subframe definition/term), should this said time-interval equal one subframe? And should every subframe contain RS needed for demodulation?
· Should this time-interval additionally contain the assignment for data transmission?
· Should this time-interval additionally contain the acknowledgement for data transmission?
· Are there any differences for this time interval when considering uplink, downlink, and sidelink?
(E.g., should uplink contain acknowledgement of data reception)?

	Company
	Response

	ZTE
	Yes, a notion of a time-interval is needed to describe the resource in time domain for the transmission of a data burst. We suggest to call this resource a “scheduling frame”. The scheduling frame should also contain RS for demodulating the data. 
· If you answered yes to Q1 (i.e., need a subframe definition/term), should this said time-interval equal one subframe? And should every subframe contain RS needed for demodulation?
No,  a scheduling frame (time-interval) can consist of one or several NR_subframe(s). A scheduling frame longer than one NR_subframe can be created through NR_subframe aggregation. The number of  NR_subframes in one scheduling frame depends on the particular design of a certain application and can be further studied. 
The RS can be designed based on the NR_subframe. When several NR_subframes are used to form a scheduling frame, the RS in the NR_subframes are used for data demodulation of the scheduling frame. It should  not be required that RS are present in all NR_subframes of a scheduling frame.
· Should this time-interval additionally contain the assignment for data transmission?
· Should this time-interval additionally contain the acknowledgement for data transmission?
The scheduling frame (time-interval) CAN contain assignment(s) and/or acknowledgement(s) for data transmission(s). But whether a particular scheduling frame contains assignment(s) and/or acknowledgement(s) depends on the concrete design of the data transmission process and control, which can be further studied.
· Are there any differences for this time interval when considering uplink, downlink, and sidelink? (E.g., should uplink contain acknowledgement of data reception)?
We prefer to maximize the commonalities among different links, but it is also recognized that there may exist some differences for different links. The details are highly related to the concrete design and should be further studied. We also prefer that requirements for relay are considered in the frame structure design from the beginning.

	InterDigital
	Yes. As described in our answer to Q1, we think that a subframe can be defined to include a data region for each UE-reception and UE-transmission interval. The RS used to demodulate this data can be contained within the corresponding region, but possibly also outside.
· If you answered yes to Q1 (i.e., need a subframe definition/term), should this said time-interval equal one subframe? And should every subframe contain RS needed for demodulation?
No, the data region interval is not always equal to one subframe due to the possible existence of control region and of a transmission in the other direction within the same subframe.
· Should this time-interval additionally contain the assignment for data transmission?
No, we think that the assignment (if present) is part of the control region of a UE-reception or a UE-transmission interval, depending on the case.
· Should this time-interval additionally contain the acknowledgement for data transmission?
No, we think that the acknowledgment is part of the control region of a subsequent UE-reception or UE-transmission interval (e.g. in same or immediately following subframe), depending on the case.
· Are there any differences for this time interval when considering uplink, downlink, and sidelink?
(E.g., should uplink contain acknowledgement of data reception)?
We think that there should be no change in the basic structure. In some cases, the control region for a UE-reception or UE-transmission interval may not be present (i.e. have a zero duration). For example, the control region of a UE-transmission interval may be present for a sidelink transmission, but not be present (or not always present) in an uplink transmission.

	Nokia
	· Each subframe should have an opportunity for conveying RS for demodulating DL or UL data. Additionally, control portion(s) of the subframe should contain separate RSs for demodulating DL and/or UL control signals. 
· DL subframe and bi-directional subframe should have an opportunity for conveying the assignment for data transmission
· UL subframe and bi-directional subframe should have an opportunity for conveying the acknowledgement for data transmission. 
· Subframe length is common for all subframe types. Three subframe types are enough for providing the basic NR functionality (see Q1). Additional subframe types may be needed at least for the following scenarios (details are FFS):
· Sidelink operation
· Self backhauling
· RF beamforming

	NTT DOCOMO
	Yes, as described in our answer to Q1, it is important to consider the time-interval which contains data and may contain the RS used to demodulate the data, especially whether it is variable or fixed. Variable time-interval of data transmission can realize flexible transport block mapping over frequency and/or time resources, while it may cause UL-DL interference among neighboring cells in case of dynamic TDD. 
· Should this time-interval additionally contain the assignment for data transmission?
· Should this time-interval additionally contain the acknowledgement for data transmission?
Whether a DL control (assignment) and the scheduled DL data should be FDMed or TDMed, and whether a concurrent UL data and UL control (acknowledgement) should be FDMed or TDMed or piggybacked one another, should be compared before narrow-down the options. 
· Are there any differences for this time interval when considering uplink, downlink, and sidelink?
(E.g., should uplink contain acknowledgement of data reception)?
We agree with ZTE that maximizing commonalities are preferable but it is up to the requirement for each link and the exact design.

	Cohere Technologies
	Yes, there should be a notion of a transmission time interval which doesn’t have to be equal to the subframe duration. This time interval should be allowed to be shorter than the subframe, as well as stretch over multiple subframes.
The transmission time interval may or may not include RS depending on the system design and the specific transmission (FFS). 

	CATT
	Yes. The time-interval used in 3GPP is the transmission time-interval (TTI).  The transmission time interval should contain both data and RS for demodulation
· If you answered yes to Q1 (i.e., need a subframe definition/term), should this said time-interval equal one subframe? And should every subframe contain RS needed for demodulation?
The time interval is the transmission time interval, which maps to one or multiple “new subframe” as described in Q1.  
· Should this time-interval additionally contain the assignment for data transmission?
The time-interval could contain the assignment for data transmission.  Since the time interval is only defined the resource in time domain, the assignment for data transmission is within the time interval at same or different resource in frequency domain.   
· Should this time-interval additionally contain the acknowledgement for data transmission?
If the acknowledgement is the HARQ-ACK bits from the receiver, we don’t think it should be contained within the time interval.  .
· Are there any differences for this time interval when considering uplink, downlink, and sidelink?
(E.g., should uplink contain acknowledgement of data reception)?
We would like to have common design for DL, UL and SL.   

	Ericsson
	· The baseline should be ‘self-contained subfranmes’, i.e. a subframe should contain the control signaling and RS necessary to receive a transmission.
· For downlink transmission in TDD this implies the possibility for a short control region, followed by downlink data, a guard period, and an acknowledgement in response to the downlink data transmission (i.e. the UE should be able to finalize the decoding of downlink data before the end of the guard period)
· For uplink transmissions in TDD this implies the possibility for a short control region with the scheduling grant, followed by a guard period and the corresponding uplink transmission (i.e. the UE should be able to react to the scheduling grant during the guard period)
· There is also the need for transmission spanning multiple subframes, e.g. for non-latency-critical services, and for transmissions without an acknowledgement at the end of the subframe interval, e.g. for coexistence with TD-LTE or to reduce the GP overhead.
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	NEC
	Q1, The time interval could be equal to or more than one subframe. And the subframe can have RS for demodulation if it contains data. But it is possible that subfame has no RS for demodulation, e.g mult-subframe scheduling or triggered RS.
Q2, It may contain assignment or not because (1) multiple TTI scheduling (2) cross carrier scheduling, but it should have the capability to support the assignment.
Q3, It needs to support ACK transmission in this time interval. But the time interval may or may not contain ACK.
Q4, If the subframe is self-contained, there will be UL-DL interference when the subframe structure is different in different cells. The design should consider this. Uplink subframe should support SRS, CSI, ACK in addition to data transmission.

	Samsung
	It seems clear there should be a notion of “time interval” containing data and the RS used to demodulate the data. This “time interval” is just the duration where the RS is the valid channel estimate reference for demodulating the data.
We do not think whether this “time interval” can contain the data assignment and the acknowledgement is an important question now. In our view, it would be better to first discuss the scheduling framework and Ack/Nack feedback framework, taking into account UE/BS implementation complexity and forward compatibility requirement. How the “time interval” would look like or whether the notion is relevant will be apparent from the proposed solutions. Similar comment on the question of whether this “time interval” should be the same or different for uplink, downlink and sidelink.

	Qualcomm
	· If you answered yes to Q1 (i.e., need a subframe definition/term), should this said time-interval equal one subframe? And should every subframe contain RS needed for demodulation?

Yes, as we have noted earlier, there should be such time unit, which we have described as a subframe, and it should be allowed to fully contain the data and RS.
· Should this time-interval additionally contain the assignment for data transmission?

Yes. As mentioned in our answers to Question 1, we define this fundamental time unit or subframe in terms of the availability of control bursts (see earlier) between the source and destination. Such control bursts should be able to include the assignment for data transmission.
· Should this time-interval additionally contain the acknowledgement for data transmission?
Since our notion of subframe allows the inclusion of a control burst from destination to source, this could further be advanced to allow for both the command and response to be self-contained within the same subframe. For example, in a downlink where assignment originates from the source, then the acknowledgement of data would be self-contained in the subframe. In an uplink, where the assignment comes from the destination, the transmission of data in the self-contained in the subframe would serve as acknowledgement that the assignment was received.
· Are there any differences for this time interval when considering uplink, downlink, and sidelink?
(E.g., should uplink contain acknowledgement of data reception)?

This was partially answered in the previous comment. Again, the fundamental approach of being able to contain control bursts to and from the destination within a subframe, along with any associated data bursts, are intended to be common to all cases.

	ETRI
	Yes, a notion of a time-interval is needed. We prefer to reuse the term ‘TTI’ and its notion for the NR discussion. We think it is convenient to define multiple types of TTIs. For example, base (or normal) TTI can be considered as a unit of transmission for general procedure and short TTI can be defined for low latency operation. In addition to this, to support the aggregation of multiple subframes or base TTIs, other type of TTI (i.e., long TTI) whose duration is longer than the base TTI may also be considered.
In the DL/UL subframe, the base TTI length can be equal to the subframe length. In the special subframe in unpaired spectrum, they may or may not be equal depending on the definition of the base TTI (probably the base TTI length can be less than the subframe length).


A subframe may or may not contain demodulation RS since some subframes may not be used for packet transmission. Even a TTI which brings a control/data packet may not necessarily contain the demodulation RS especially when the TTI length is relatively short compared to the coherence time.
A scheduling assignment/grant for a base/short/long TTI should be defined using symbols in one base/short(/long) TTI. But, the scheduling assignment/grant for data transmission may not necessarily be contained in every TTI. Similarly, HARQ-ACK bits for data in a TTI can be encoded in symbols in one TTI.
The TTI may be different for UL, DL, or SL because of different transmission power levels. It can be configured UE-specifically depending on the estimated link budget. For example, power-limited UEs are configured to base UL TTI and short DL TTI. This requires further studies during the NR SI.

	Panasonic
	In the following cases, every duration contain RS for demodulation.
- DL dedicated assignment channel (if supported)
- DL data with dedicated RS
- UL data
- UL acknowledgement 
In the following cases, every duration is not required to have RS for demodulation
- DL shared assignment with shared RS for demodulation (if supported)
- DL data with shared RS for demodulation (if supported)
The assignment and the acknowledgement are FDM and/or TDM with data have multiple implications. In general, TDM would have shorter latency and flexible DL/UL assignment but it could have the limitation of the coverage. FDM could increase the buffering complexity and base station/UE power consumption but more coverage. Both may be required but further discussion would be useful. 
The assignment and the acknowledgement would need to support multiple durations to have the trade-off of the latency and coverage. The supported time unit duration could be basically common among uplink, downlink, and sidelink.

	ITL
	Yes. A notion of a time-interval is necessary to define minimum scheduling granularity. The time-interval can contain control(e.g. at least for data assignment)/data/RS for demodulation. However, for the acknowledgement corresponding to data transmission, at this stage, it is premature to firstly consider that  Data/RS and Ack/Nack feedback  should be contained in one subframe (e.g. “self-contained subframe”)  since it needs to be further evaluated and analyzed with various design targets and implementation issues. If they are clear later then it can be discussed as one of solutions. 

	LG
	In our view, the time interval which contains data and the RS used to demodulate the data can be considered as a scheduling time interval (i.e., TTI) configured by UE- or use case-specific manner (e.g. subframe as the time interval for eMBB UEs, mini-subframe as the time interval for URLLC UEs). In addition, scheduling time unit (STU) can be defined as time duration in which one data can span in order to indicate the data burst length. Size of STU can be the same or different with (e.g. shorter than) the time interval. 
· Should this time-interval additionally contain the assignment for data transmission?
The time interval (i.e., TTI) can contain both data transmission and the corresponding assignment at least for DL scheduling. In case of UL scheduling, data transmission and the corresponding assignment can be contained in same or different time interval according to UE processing capability.
· Should this time-interval additionally contain the acknowledgement for data transmission?
DL data transmission and the corresponding acknowledgement can be contained in same or different time interval according to UE processing capability.

	MediaTek
	Subframe is a basic scheduling unit and contains data and the RS used to demodulate the data. Compared to TTI, we think transport block is more meaningful in physical layer. In NR, at least single transport block over one subframe should be supported. To reduce the overhead from MAC header, PHY control & CRC bits, single transport block over multiple subframes could be considered in NR. However, it may introduce more supported transport block sizes in NR and the impacts on HARQ efficiency should be also carefully studied. Multi-subframe scheduling still can be supported to reduce PHY control overhead even if single transport block over multiple subframes is not supported.
A subframe can additionally contain the assignment for the data transmission in the same subframe, depending on whether single transport block over multiple subframes or multi-subframe scheduling is applied or not.
A subframe can additionally contain the acknowledgement for the data transmission in previous subframe(s), depending on the needs in the current subframe timing. Whether it can additionally contain the acknowledgement for the data transmission in the same subframe should be further studied, considering UE complexity and maximal supported bit rate.
No, unified design should be strived for uplink, downlink and sidelink.

	CMCC
	A notion of ‘time interval’, which contains data and the RS used to demodulate the data, seems to be beneficial for describing the scheduling and transmission/reception related procedures. The length of the time interval can be flexible to satisfy the requirement of different traffics. Regarding to the assignment and acknowledgement of the data in the interval, it can be placed in the same time interval or in other time interval, depending on the requirements of different traffics, UE processing capabilities, etc.

	Xinwei
	Yes, we think it is necessary to define transmit interval, but we don’t think this time interval should only be defined as “containing data and the RS used to demodulate the data”. This time interval would be combination or arrangement of subframe or subframe types. As discussed in above definition of subframe types, different arrangement of time and frequency resources would be necessary for different scenarios.  Transmit interval represents the arrangement of resources in time domain. With this definition, it would be easier for further discussion.
· If you answered yes to Q1 (i.e., need a subframe definition/term), should this said time-interval equal one subframe? And should every subframe contain RS needed for demodulation?
This time interval is not necessarily equal to one subframe. Transmit interval might contain multiple subframes, which is configurable according to different scenarios. In our understanding, every subframe should contain RS needed for demodulation.
· Should this time-interval additionally contain the assignment for data transmission?
This time interval should contain the assignment of data transmission. In our definition in Q1, control subframe and data subframe should be defined. Assignment for data transmission would be transmitted in the control subframe, which further composes transmit interval.
· Should this time-interval additionally contain the acknowledgement for data transmission?
The time-interval should contain the acknowledgement for data transmission. But the round trip delay should be carefully embedded in.
· Are there any differences for this time interval when considering uplink, downlink, and sidelink?
(E.g., should uplink contain acknowledgement of data reception)?
There is no fundamental difference between the subframe types for uplink, downlink and sidelink.

	Fujitsu
	Should there be a notion of a time-interval which contains data and the RS used to demodulate the data?
•	Yes. It would clearly be helpful for the receiving device to be aware of a time interval (and frequency range) which contains data (e.g. a control channel or a transport block), and the location of the corresponding RS for demodulation. However the RS might not be located within the same time interval as the data (e.g. for a short data transmission occupying 1 OFDM symbol the RS might be in a different symbol). 
Should this said time-interval equal one subframe? 
•	No: A time interval containing a single data transmission (and perhaps corresponding RS) could be shorter or longer than one subframe (e.g. down to one OFDM symbol and maybe up to tens of ms)
•	Time intervals for data transmission etc could be defined with respect to subframes (and OFDM symbols within subframes)
And should every subframe contain RS needed for demodulation?
•	No: Even if this is the typical case, there is no need to agree such a restriction at this stage. 
Should this time-interval additionally contain the assignment for data transmission?
•	No: The assignment for a given data transmission could be transmitted together with the data, but it may also be transmitted with different timing (e.g. cross-subframe scheduling) and/or at a different frequency (e.g. cross-carrier scheduling)
Should this time-interval additionally contain the acknowledgement for data transmission?
•	No: Although it would be desirable to be able to configure the acknowledgement to be sent within a given short time interval after the end of the corresponding data transmission, such an arrangement may imply significant overhead, and such low latency would not always be required. 
Are there any differences for this time interval when considering uplink, downlink, and sidelink? (E.g., should uplink contain acknowledgement of data reception)?
•	The basic structure describing which signals may be transmitted in given OFDM symbols should be independent of uplink, downlink or sidelink

	Runel (IAESI)
	As defined in the  answer to question 1 the answer is yes to all

	Huawei
	The question is formulated in terms of RS and data, but a more general question should aim to clarify the different concepts of self-contained subframe interval presented by various companies. We see several possible definitions of a self-contained subframe interval that includes DL and UL parts (in addition to the basic principle highlighted in the response from Ericsson, which is that data and RS used for demodulating the data should be in the same subframe):
· DL-based definition: PDSCH and the corresponding A/N in the same subframe interval
· UL-based definition: UL grant and the corresponding PUSCH in the same subframe interval
· CQI measurements based definition: DL CSI-RS + CSI-IM + CQI reference resource and the corresponding CQI/CSI in the same subframe interval
· CQI feedback based definition: the DCI that triggers CQI feedback is in the same subframe as the CQI feedback. This should also apply to aperiodic SRS.
According to the above, a subframe interval that contains DL and UL defines a certain time interval where some self-contained properties can be discussed. The discussion should be taken on a case-by-case basis for different packet sizes, and possible feedback formats. For a flexible and forward compatible design it should be possible to configure timing relations between PDSCH and ACK/NACK feedback, and between UL grant and PUSCH. NR may allow configuration for self-contained subframe intervals for DL, UL, CQI under FFS conditions that will have to be discussed in RAN1, while providing sufficient margin for UE implementations that would not necessarily need to meet these stringent timing requirements from the very first release of NR.
There may be another time interval relating only data and the associated RS:
· In a subframe with DL and UL, the DL part would define a time interval that contains DL data and associated DL RS for demodulation, and DL control for the assignment of the DL data. The UL part would define a time interval that contains UL data and the associated UL RS for demodulation.
· In a sequence of DL-only subframes bundled as a long transmission to one UE, further study is needed to determine whether RS should be present in every DL subframe, or could be present in only a few subframes (e.g. the first one). Eventually we expect the system to be able to configure the presence of RS used for demodulation to cope with different UE speeds.
It would be good if NR supports a dynamic configuration of the resources used for downlink, uplink and sidelink, where the indication can be in the same subframe or in earlier subframe(s). This would make NR more future-proof to future services and allow UEs of earlier resources to be capable of handling dynamic scheduling decisions and types of interference. However, signaling overhead will have to be carefully considered, without excluding the possibility to also support semi-static types of configurations.

	Lenovo
	Yes.  The time-interval which contains data and the RS used to demodulate the data is the duration in which the UE performs reception/transmission.   
· If you answered yes to Q1 (i.e., need a subframe definition/term), should this said time-interval equal one subframe? And should every subframe contain RS needed for demodulation?
No. Our undersanding is that subframe the minimum scheduling unit in time while the above time interval can be one or several subframes. Depending on the use cases, it is not necessary to allocate demodulation RS in every subframe.
· Should this time-interval additionally contain the assignment for data transmission?
· Should this time-interval additionally contain the acknowledgement for data transmission?
Not necessary. Wether the time-interval additionally contains the assignement/acknowledgement for data depends on the subframe types. For example, there are no assignment for data transmission in UL subframes. For special subframes, it is possible to contain the assignment and the acknowledgement for data transmission.
· Are there any differences for this time interval when considering uplink, downlink, and sidelink?
(E.g., should uplink contain acknowledgement of data reception)?
Yes. As commented above.

	Intel
	A subframe is defined as an interval of fixed length. Similar to LTE, subframes partition radio frames into smaller units which may be helpful in specifying where to transmit certain signals and channels (PSS, SSS, PBCH, …). Subframe types can be dynamically and/or semi-statically created by atomic building blocks. For example, a subframe may contain one or more of DCI, UCI, data, RS (CSI-RS, SRS, …) and guards. DCI, UCI, and data are additionally accompanied by their respective DMRS. Subsequent subframes may not be identical and the time span between the transmission of DCI and (associated and unassociated) UCI may be longer than one subframe interval. If properly designed, such a frame structure can be applicable to uplink, downlink and sidelink, e.g., by referring to Tx and Rx parts rather than DwPTS and UpPTS as there may not always be a notion of uplink and downlink. Considering whether there should be a notion of a time-interval which contains data and the RS used to demodulate the data, the same principles as in LTE can govern, i.e., UE behavior for cross-subframe channel estimation can be defined in the specifications. For example, for mMTC applications with UEs in deep coverage, cross-subframe channel estimation may be enabled whereas for MBB applications, UE behavior similar to TM 9/10 in LTE can be defined. Notions for the time-intervals between assignment and associated data as well as data and associated acknowledgements equally already exist in LTE. It is not clear at this point whether specific nomenclature is required for these cases. For example, this could simply be handled in the specification by appropriate UE behavior similar to LTE where the timing relationships between assignment, data, and acknowledgement are handled in 36.213 without particular terminology beyond subframes (viz., HARQ ACK/NACK for data received in subframe n is transmitted in subframe n+k). 

	Sony
	In line with our answer to question 1, we think it is too early to restrict the definition of time intervals (e.g. whether a time interval contains scheduling, acknowledgment information).
We expect there to be some time-unit basic building block that contains both data and RS. There may be times at which this time-unit building block is not transmitted. The time alignment of these time-unit building blocks (relative to one another) is also something that can be considered at a later time, once RAN1 has come to a firmer view on the basic building blocks.

	ITRI
	Yes, a notation of a time-interval is necessary.  However, it is not necessary to have the time-interval equal to only one subframe.  To reduce the overhead, we may apply one RS for demodulating multiple consequence subframes.
A subframe can additionally contain the assignment for the data transmission of current subframe or for the data transmission in the later consequence subframe.  
A subframe can additionally contain the acknowledgement for the data transmission if necessary, such as time-critical use cases.
No, we should consider a unified design for uplink, downlink and sidelink.





How should this time-interval be scalable in duration? 
· Please list a set (or range) of lengths that should be considered, along with intended use case. If you answered yes to Q1, you may indicate in terms of subframe lengths.

	Company
	Response

	ZTE
	The scheduling frame (time-interval) should be scaled via aggregation of multiple NR_subframes. To support low latency, a numerology scaling resulting in an NR_subframe duration of 100~200us should be included. In that case, the scheduling frame duration would be equal to one NR_subframe 
We think the scheduling frame (time interval) duration highly depends on the requirements and concrete designs of different applications. The different scheduling frame (time-interval) durations are integer multiples of the NR_subframe length. The duration may also be related to the carrier frequency. For example, the length of an URLLC scheduling frame could be one NR_subframe. For eMBB, a scheduling frame may be smaller than or equal to 1ms. Support of several scheduling frame durations  for different file sizes is beneficial. For mMTC, we may need much longerscheduling frames, e.g. several tens or even several hundreds of milliseconds. 

	InterDigital
	Yes, we think that scalable durations for the data region should be supported in view of the different requirements associated to the possible use cases. We see that this can be modeled in one of at least two ways. One possibility is to concatenate multiple subframes with “intermediate subframes” that have non-zero duration only for a data region. Another possibility is to allow the duration of a subframe itself to be scalable as e.g. multiple of a unit time duration. We have a slight preference for the latter.

	Nokia
	A subframe consists of M consecutive OFDMA symbols (E.g. M=7), and is fixed for a given sub-carrier spacing.

	Cohere Technologies
	We agree with ZTE that the duration should be configurable from sub millisecond to tens of milliseconds based on the use case.

	CATT
	The time-interval is the transmission time interval (TTI), which maps to one or multiple “subframes”.  Thus, the TTI is considered scalable relative to the new subframe.  The scalability does not limit to within 1 ms.   

	Ericsson
	A subframe consists of M consecutive OFDM symbols (example: M=7). The duration in microseconds will thus be different for different subcarrier spacings as the OFDM symbol duration changes (example: 500 µs for 15 kHz subcarrier spacing, 250 µs for 30 kHz subcarrier spacing, 125 µs for 60 kHz subcarrier spacing, etc).

	NEC
	For URLLC the target for user plane latency should be 0.5ms for both UL and DL.
For eMBB, the target for user plane latency should be 4ms for UL, and 4ms for DL
Considering the user plane latency is about 5 subframes, so for URLLC, the subframe length should be less than 0.1 ms. For eMBB, it will be less than 0.8 ms. And the subframe length depends on the carrier spacing in frame structure design.

	Samsung
	Please see our answer for Q2.

	Qualcomm
	We believe the subframe would scale at two basic levels. First, it is envisioned that is would scale in length by some integer number of OFDM symbols. An example granularity could be in terms of 2^N. Second, the scaling from symbol length to absolute time would be based on the OFDM numerology. Numerology may be specific to use case, e.g., differentiating by cell size/delay spread/Doppler, or differentiating by services.

	ETRI
	As discussed in the last meeting, two approaches can be considered to scale the TTI length. One is to scale the number of symbols and the other is to scale the subcarrier spacing. Both approaches can be investigated during the SI. An example set of base/short TTI lengths applicable for sub-6GHz is shown in the figure below, which includes 1ms, 1/2ms, 1/4ms, and 1/8ms. The subframe length can be scaled up or down with respect to 1ms as a reference depending on the subcarrier spacing. In the low frequency range, the TTI duration of around 1/4ms may not be sufficient to satisfy URLLC requirements or to support future use cases depending on techniques applied to the tx/rx processing. For mMTC, longer TTI composed by multiple subframes may be needed.



	NTT DOCOMO
	Agree with Qualcomm that scalable time-duration can be realized by either scalable numerology or reducing/increasing the number of OFDM symbols. As we pointed out in the answer to Q1, the question is whether the time-durations (DL control, DL/UL data, UCI feedback, etc) should be UE-common or UE-specific, and if it is flexible, then how. In addition, we consider it is important to consider not only lengths of subframe (or subframe-like time duration) and/or of respective channels, but also the time-intervals between different channels within and/or across subframe (or subframe-like time duration).

	Panasonic
	The way of scalable may be different between "within 1ms" and "more than 1ms".  "Within l ms" is for shorter latency and "more than 1ms" granularity is for tight interworking and simpler coexistence.
In "Within 1ms", the scalability is realized by the number of OFDM symbols.  
In "more than 1ms", the scalability would be realized by the number of 1ms. 
It is FFS whether multiple 1ms period is split with the granularity by the number of OFDM symbols.

	ITL
	A time interval (e.g, subframe) consists of different number of OFDM symbols within a given subcarrier spacing. And it is desirable for different time-intervals to have integer multiples of minimum time-interval when considering multiple requirement and design targets. 

	LG
	As we answered to Q2 in above, the time interval (i.e., TTI) would have different length per UE or per use case (e.g. eMBB, URLLC, mMTC). For example, 14 symbols (i.e., subframe length) can be configured as the time interval for eMBB UEs, and 7 (or less) symbols (i.e. mini-subframe length) can be configured as the time interval for URLLC UEs, while a time duration of multiple subframes can be configured as the time interval for mMTC UEs.

	MediaTek
	For eMBB & mMTC services, at least single transport block over one subframe should be supported. For mMTC services, it may require single transport block over multiple subframes for coverage enhancement. Benefits to support single transport block over multiple subframes for eMBB should be studied further.
For URLLC services, the time length to transmit a transport block can be less than a subframe in some supported numerologies.

	CMCC
	The duration of the time-interval is suggested to be flexibly scaled according to the requirement of traffics, in terms of number of subframes of NR.

	Xinwei
	As indicated in above two questions, TTI contains multiple subframes of the same or different kinds. The length of TTI would be configurable. It is possible that at the beginning of the TTI, one control subframe would be appended and indicate how the following data subframe and ACK/NACK subframe would be arranged. With typical definition of subframe length 125us, the eMBB TTI would be 8 subframe including ACK/NACK and possible null subframe for round trip delay. The typical URLLC TTI would be 4 subframe. TTI for mMTC should be configured with length chosen from a predefined set, e.g. 2^N.

	Fujitsu
	•	It is preferred that the subframe duration is not scalable (or at least not automatically scalable with sub-carrier spacing), however other intervals related to data transmission could be scalable. 
•	Scalable timings may be applicable for the following:
o	Duration of data transmission (1 OFDM symbol to 1ms or much longer)
o	Time difference between assignment and data transmission (zero to 1ms or much longer)
o	Time difference between data transmission and acknowledgement ([1 OFDM symbol] to 1ms or much longer). 
o	Time interval between assignment opportunities ( less than 1ms to 1ms or much longer)
o	Time interval between ack/nack opportunities (less than 1ms to 1ms or much longer)
•	Note that different devices using the same resources may be have different applicable timings 
•	Also note that some data transmissions might not need an assignment and/or an associated acknowledgement
•	Even if the subframe duration is fixed (e.g. to 1ms) this should not preclude multiple scheduling and ACK/ACK instants within one subframe. 
•	Values of timing intervals defined for Phase 1 should not preclude the possibility of different values being introduced in Phase 2.

	Runel
(IAESI)
	We believe that it should be scalable in time and in frequency within a frame. And the numbers of subcarriers and the number of OFDMA symbols in some use case need to be defined  together.
A  ~50 microsecond to 1 ms and different number of subcarriers from  4  to the all subcarriers in a frame

	Huawei
	1 ms subframe length should be supported by NR. Other scalable subframe lengths of 2 ms, 0.5 ms, 0.25, 0.125 ms could be supported, as well as possibly additional smaller values for higher frequencies.

	Lenovo
	As commented in question 1, one way to achieve scalable subframe length is by the scaling the OFDM numerology. Another way is to change the number of OFDM symbols similar as it is done in the LTE latency reduction SI.

	Intel
	To support fast, flexible, and simple HARQ ACK/NACK feedback, there should be the option to have DL/UL control in regular intervals, possibly in every subframe pending the definition of a subframe. This allows tailoring the HARQ ACK/NACK timeline to the UE processing capability, a service, the transport block size, and so forth. The minimum time interval between an assignment and the associated acknowledgement will crucially depend on the NR-RS design, the channel coding for NR, the NR codeblock segmentation to name a few and in our view is outside the scope of the NR frame structure discussion. 

	Sony
	The time-unit building block that might eventually be used to create subframes / TTIs would consist of an integer number of OFDM symbols. The OFDM symbols duration could vary as a function of numerology. RAN1 need to decide on a time-unit building block size that is scalable to the different requirements for NR: from URLLC to mMTC.

	ITRI
	One subframe consists of N OFDM symbols in which “N” is a fixed number for different sub-carrier spacing configuration in eMMB and URLLC use cases.  




Are there any other considerations you would like to add?
	Company
	Response

	ZTE
	It should be further clarified if different applications (e.g. mMTC, eMBB, URLLC) can share the same NR_subframe definition ( e.g. length and/or type). We prefer a positive answer.

	Nokia
	Related to HARQ-ACK and scheduling timing, at least the following options need to be supported:
· DL assignment and DL data are conveyed in the same subframe
· DL data and acknowledgement for DL data transmission are conveyed in different subframes
· UL assignment and UL data are conveyed in different subframes

NR TDD operation does not require definition of predetermined TDD UL-DL configurations

	NTT DOCOMO
	It is worth to discuss what need to be done ‘before’ handling a scheduling unit (e.g., duration of DL control, DL data, and HARQ-ACK feedback, duration of DL control and UL data, etc). For example, is it possible for UE to prepare a very fast HARQ-ACK feedback or a scheduled UL data with a very limited time gap from DL control signaling if the same contents of DL scheduling information is assumed?

	Cohere Technologies
	The placement of common and dedicated RS should be studied before finalizing the frame structure.

	CATT
	We should not include the design of HARQ-ACK bits in the NR frame structure until the conclusion of channel coding to see whether HARQ will be part of channel coding in NR,  
The assignment for the data transmission should be discussed separately since the resource grids span over both time and frequency domain.   The discussion of assignment for data transmission within the time-interval is not clear.     
The co-existence of NR and LTE should be considered in the frame structure design.  For NR TDD, the NR DL/UL configuration and the interference measurement mechanisms should ensure the co-existence of NR TDD and/or LTE TDD deployment in the adjacent frequency in the same frequency band. At current stage, NR TDD should take into consideration of the interference management scheme for co-existence of NR and LTE with and without predetermined TDD UL-DL configurations. 

	Ericsson
	Timing of ACKs in response to DL transmissions and UL transmissions in response to grants were discussed above; essentially it should be possible to finalize decoding and prepare transmissions during the guard period in TDD. It should also be possible to transmit the ACK at a later time instant (e.g. for TD-LTE coex or reduced GP overhead)
Dynamic TDD is the baseline, i.e. the direction of a ‘subframe’ (DL or UL) is determined by the scheduler and not configured in advance (as in LTE both for Rel-8 and eIMTA). Restrictions to this flexibility,m e.g. to handle inter-cell interference in macro deployments, is part of the scheduler implementation and not visible in the specifications.
In some scenarios it is beneficial to align the ‘DL control region’ at the beginning of a subframe interval and the ‘UL control region’ at the end of the subframe across multiple cells to create a more predictable interference situation for these transmissions as they cannot rely on hybrid-ARQ retransmissions. This is primarily an implementation issue.

	Samsung
	We would agree with NTT DOCOMO. It is more important to first discuss scheduling framework and Ack/Nack feedback framework, taking into account UE/BS implementation complexity and forward compatibility requirement. Apart from DL, UL and SL, backhaul link also needs to be considered from the beginning, including when spectrum can be reused between the backhaul and access links.

	Qualcomm
	Should there be a common time interval (or subframe structure) assumption made by the UE at the time of initial acquisition?

	ETRI
	Necessity and impact of supporting multiple OFDM numerologies (i.e., mixed numerology) within a carrier should be discussed.

	Panasonic
	We agree DOCOMO that it is important to discuss the following timing relations:
- DL assignment to DL data
- DL data to its acknowledgement in UL
- DL assignment to UL data
- UL data to its acknowledgement/assignment in DL
- Sidelink assignment to associated data
- Sidelink data to its acknowledgement (if has)

	ITL
	It would be beneficial to firstly consider how DL/UL/SL scheduling and the related response (e.g. ACK/NACK) would be performed together with the discussion on definition of time-interval. After having basic scheduling/feedback framework, we can further consider what needs to be added on top of that (e.g. necessity of blank time interval and simultaneous data transmission/reception on different time interval and so on).

	LG
	For design of NR frame structure, it may be required to consider different UE capability in terms of, for example, DL data decoding, UL signal preparation. Depending on this, supportable (i.e., minimum) HARQ timing such as DL data-to-HARQ-ACK latency, UL grant-to-UL data latency, would be different per UE. This UE-specific capability, in particular, whether self-contained processing (e.g. DL data and the corresponding HARQ-ACK in the same subframe, UL grant and the corresponding UL data in the same subframe) is supported or not per UE, should be taken into account in the design of dynamic TDD operation. 
Furthermore, for effective latency reduction in the FDD operation, DL/UL subframe offset can be applied between DL and UL carriers with consideration of fast HARQ-ACK transmission after receiving DL data or fast UL data transmission after receiving UL grant.

	MediaTek
	Subframe definition should be optimized for eMBB services and the time length to transmit a transport block for URLLC services can be less than a subframe in some supported numerologies.
Data transmission and its corresponding acknowledgement within the same subframe should be further studied, jointly considering UE complexity and its maximal supported bit rate.

	Fujitsu
	•	If a “subframe” is defined, a UE would need to know whether to expect common signals and/or dedicated signaling (and with what numerology/bandwidth/timing/format/RS) in any given subframe. (including for initial acquisition).
•	The organization of control signals, data transmissions, guard periods etc can be defined relative to the subframe, but without necessarily restricting possible timing relationships (e.g. between assignments, data transmissions and ack/nacks) for Phase 2. 
•	As far as possible different use cases (e.g. mMTC, eMBB, URLLC), numerologies and duplex schemes should be able to share the same subframe duration and timing relationships

	Intel
	In LTE, a subframe is 30720 Ts = 1ms irrespective of the numerology. For example, a subframe can have 6, 12 or 14 symbols and the specification of the NB-IoT UL with 3.75kHz subcarrier bandwidth does not seem to rely on subframes at all. Since in NR many numerologies may coexist, in addition to the definition of subframes (integer number of multiples of some basic time unit), secondary time interval definitions may be necessary that relate to a specific numerology, for instance, a minimum resource unit in time. In LTE, a TTI, a subframe and a minimum resource unit coincide at least in the general case of the MBB shared channels. In NR, these three should be defined separately similar to the NB-IoT uplink. 
Secondly, for very small subcarrier bandwidths (e.g., mMTC), coexistence with other numerologies needs to be discussed, e.g., in the aforementioned dynamic TDD systems where the time span between an assignment and the associated acknowledgement may be shorter than the minimum resource unit of another numerology such that cross-link interference arises. 

	Sony
	In answering this question, some companies have discussed timing issues, scheduling frameworks, feedback frameworks etc, In line with our answer to question 1, we think that RAN1 should firm up on these concepts (which fall within the building blocks we discuss in question 1), before deciding how / if to construct a subframe.

	ITRI
	Whether to apply the same frame structure for mMTC use case should be further study.
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