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Introduction
The following agreements regarding the design of frame structure for NR were made in RAN1 #85 meeting [1]:
· At least the following is supported for NR frame structure 
· 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
· For above two sub-bullets
· Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc.
· Default value, if any, for each timing relationship is FFS.

There are different services with different requirements in NR. Hence, the design of frame structure should be flexible enough to address these different requirements. In this contribution, we provide our views on the design of frame structure for FDD and TDD operation in NR.
FDD frame structure
The discussion so far aims to support a self-contained subframe. Downlink control, downlink data and the corresponding ACK feedback is transmitted within a subframe. An example of the frame structure for supporting self-contained subframe in FDD is as in Fig.1.
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Fig.1 Self-contained subframe for FDD

For the corresponding ACK of the downlink data to be sent in the end of the subframe, the end of the downlink subframe (white area) cannot be used to transmit downlink data. It can be utilized to tramsmit reference signals for measurement or synchronization purposes. Since the UE needs some processing time after receiving an uplink grant, the uplink data cannot be transmitted in the white and gray area in the figure. Similar to downlink subframe, the resource before the uplink data transmission (including the gray area) can be used to transmit reference signals or other uplink control signals like CSI.

However, considering different processing capabilities of different UE classes, some UEs may not be able to feedback ACK in the same subframe as the downlink data. Alternatively, downlink data transmission until the end of the downlink subframe may be needed for higher data rate purpose. In these cases, the ACK corresponding to the downlink data has to be transmitted in the next uplink subframe as shown in Fig.2.
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Fig.2 Delayed ACK for FDD

Depending on the UE processing capability and delay requirement, the ACK can be transmitted after the white area in Fig.2, i.e., the gray area in the self-contained case, since the resource before it (white area) is used for transmitting.reference signals or CSI and the UE needs some processing time for ACK feedback. Alternatively, if the delay requirement is not that strict or the UE processing capability prevent the ACK to be transmitted before the uplink data region, ACK can be sent at the end of the uplink subframe.

In some cases, if the UE processing capability does not support uplink data transmission in the same subframe as the uplink grant, cross subframe scheduling is needed as shown in Fig.3.
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Fig.3 Cross subframe scheduling for FDD

In this case, the starting point of uplink data transmission can be earlier as opposed to the above cases, depending on whether other UEs need to utilize the resource to send ACK and depending on the design of how data and feedback channels are multiplexed.

From the above, we can see that at least the downlink data ending point, the uplink data starting point and the ACK resource can have multiple possible position, and should be dynamically and/or semi-statically signaled to a UE.

Observation 1: For FDD, at least the downlink data ending point, the uplink data starting point and the ACK resource can have multiple possible position, and could be dynamically and/or semi-statically signaled to a UE.


TDD frame structure
For TDD, since the same frequency resource is used for downlink and uplink transmissions, a guard period is needed for downlink to uplink transition. A self-contained subframe to support the corresponding ACK feedback of a downlink data in the same subframe is as shown in Fig.4.
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Fig.4 Self-contained subframe for TDD

Since in TDD operation, it is expected there are some all-downlink subframes in which synchronization signals, system information or reference signals for measurement purpose are transmitted. The downlink data transmitted in these all-downlink subframe can be extended to the end of the subframe and the corresponding ACK is feedbacked in the next subframe, as shown in Fig. 5.
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Fig.5 All-downlink subframe for TDD

On the other hand, there may be all-uplink subframes in which random access preambles are transmitted. The uplink data transmitted in these subframes has to be scheduled in previous subframes as shown in Fig.6a and Fig.6b.
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Fig.6a All-uplink subframe scheduled by a partial DL subframe

[bookmark: _GoBack]Since there is no guard period in all-uplink subframe, it can have the same frame structure as in FDD case shown in Fig.2. The resource in the white area in Fig.6a is used to transmit reference signals or other uplink control signals like CSI. Depending on the scheduled downlink data transmissions in previous subframes and the corresponding ACK resource indication, the resource after the resource used for reference signal and before the resource used for uplink data transmission can be used to transmit ACK if the UE receiving downlink data in the previous subframe cannot feedback the ACK in the previous subframe and has strict delay requirement. Alternatively, the resource can also be used to transmit reference signals or even used to start uplink data transmission earlier for large data rate purpose. The usage of the resource can be dynamically scheduled by the downlink control region in the preceding subframes.
Since there must be a guard period before the all-uplink subframe, the downlink subframe before the all-uplink subframe cannot be an all-downlink subframe, as shown in Fig.6a. To strive for maximizing commonality between TDD and FDD, the downlink subframe before an all-uplink subframe is preferably a self-contained subframe. Otherwise, the ending point of downlink data transmission is different from the FDD case.

Proposal 1: Considering the commonality between TDD and FDD frame structure, the downlink subframe before an all-uplink subframe should be a self-contained subframe.

An all-uplink subframe can also be scheduled by a partial uplink subframe preceding the all-uplink subframe. In this case, the all-uplink subframe shown in Fig.6b can have the same frame structure as in Fig.3. 
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Fig.6b All-uplink subframe scheduled by a partial UL subframe

In other words, the starting point of the uplink data transmission is right after the region used for reference signal transmission since the ACK that need to be transmitted in this subframe corresponds to a downlink data transmission that are transmitted at least two subframes before the all-uplink subframe. Hence, to reduce the signaling for indicating ACK position and to avoid the need for the scheduler to schedule a large number of subframes at a time, the ACK position in an all-uplink subframe scheduled by a partial uplink subframe should be at the end of the subframe.

Proposal 2: The resource position for ACK in an all-uplink subframe scheduled by a partial uplink subframe should be at the end of the subframe.

From the above discussion, we can see that the different types of FDD frame structures can be used in different situations in TDD respectively. Therefore, the TDD and FDD frame structures can have limited number of types.

The availability of downlink and uplink resources and the subframe types of each subframe can be dynamically changed in TDD for NR except for some possible semi-statically configured all-downlink and all-uplink subframes. In addition, the delay requirement for the UEs can be quite different. Hence, it is beneficial if the timing relationship between downlink data reception and the corresponding acknowledgement is indicated to a UE dynamically for TDD operation to accommodate dynamically changing data rate and delay requirements.

Observation 2: It is beneficial if the timing relationship between downlink data reception and the corresponding acknowledgement is indicated to a UE dynamically for TDD operation.

Conclusions
This contribution considers the design of frame structure for FDD and TDD operation in NR. Based on the discussion, the observations and proposals are listed in the following.

Observation 1: For FDD, at least the downlink data ending point, the uplink data starting point and the ACK resource can have multiple possible position, and could be dynamically and/or semi-statically signaled to a UE.

Observation 2: It is beneficial if the timing relationship between downlink data reception and the corresponding acknowledgement is indicated to a UE dynamically for TDD operation.

Proposal 1: Considering the commonality between TDD and FDD frame structure, the downlink subframe before an all-uplink subframe should be a self-contained subframe.

Proposal 2: The resource position for ACK in an all-uplink subframe scheduled by a partial uplink subframe should be at the end of the subframe.
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