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Introduction
In RAN1 #85, the following agreements were made for NR frame structure.
 (
Agreements:
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.
Agreements:
NR design should strive at least to enable the possibility for
Corresponding acknowledgement reporting shortly (in the order of X µs) after the end of the DL data transmission
Corresponding uplink data transmission shortly (in the order of Y µs) after reception of UL assignment
Note: may depend on e.g. UE capability/category, payload size, etc
FFS: X and Y in the order of a few tens of or hundreds of micro sec is feasible
Other mechanisms/configurations in addition to fast/short corresponding acknowledgement are needed
For example to provide coverage or enable TD-LTE coexistence
Note: RAN1 will continue investigations about UE complexity, implementation processing time, interleaving applicability
)

The minimum gap required for a DL to UL transmission includes the timing advance and the processing time which mainly depends on encoding/decoding complexity, computation power, clock rate etc. Furthermore, co-existence with LTE is one of the important features for NR and NR frame structure. In this contribution, we will discuss the feasible minimum gap duration X, Y, and potential association limits considering co-existence with TD-LTE and scheduling flexibility.
 
Minimum DL to UL transition gap period 
In RAN1 #85, the feasible DL to UL gap period length were left FFS including
· Corresponding acknowledgement reporting shortly (in the order of X µs) after the end of the DL data transmission
· Corresponding uplink data transmission shortly (in the order of Y µs) after reception of UL assignment
The processing time for DL HARQ-ACK feedback includes DL data decoding and HARQ-ACK feedback generation. The processing time for UL data transmission includes DL control information decoding UL data encoding and symbol generation. They all depend on the UE processing capability. Both X and Y value should include the processing time and two times propagation delay, i.e. the timing advance. The minimum X and Y value define the minimum transition between a DL reception to a UL transmission.
In WiFi, for a successful received/decoded packet, an ACK is generated after a SIFS, which is 14us. Thus, the actual gap is a SIFS and a round trip propagation delay. If the encoding/decoding complexity is similar to WiFi, NR should have comparable minimum gap requirement. In LTE, the general ON/OFF transit period is 20us. Thus, at least X should be in the order of 20us. 
Combine the ON/OFF transition period of 20us, the processing time of ~14us, and the TA value, the minimum gap period may be in the order of 40us in a certain cell size. In RAN1 #85, it was agreed that 15kHz is the baseline and 2^n*15kHz can be configured for the subcarrier spacing. To give some tolerance and considering subcarrier scalability, a more feasible minimum gap period may have a length of a OFDM symbol.
On the other hand, UEs with different UE categories have different processing power and clock rate may be closely related to chip vendor’s implementation. Thus, different time for processing a given DL or UL data should be allowed for different UE categories and/or different chip vendors. Moreover, a DL or UL data with a large payload need longer processing time than a DL or UL data with a small payload. Thus, the X, Y values depend on UE capability and payload size. 
Therefore, multiple X and Y values may be specified for different UE capabilities and payload sizes. The actual gap period configured for a given UE may be longer than the minimum X values depending on the UE capabilities, e.g. several OFDM symbols thus a length in the order of hundred microseconds. For consistency, the X and Y value should be the same for a give UE. 
Proposal 1: 
· Multiple X and Y values need to be supported for different UE capabilities and payload sizes. 

Maximum association time between DL data and acknowledgement
The X, Y values are important for designing self-contained subframe which may include a DL part, a gap period and a UL part. The X and Y define the minimum gap between DL to UL switching and the minimum association time between a DL data and the corresponding acknowledgement or between a UL grant and the corresponding UL data transmission. But the minimum association timing is only applicable to the last DL data immediately before the gap period. For other DL data, the actual association timing is much larger and depends on the subframe and radio frame structure. 
To achieve TD-LTE co-existence and scheduling flexibility, longer association timing has to be supported. With minimum gap X, Y and self-contained subframe structure, additional DL to UL switching points can in introduced over TDD-LTE UL/DL configuration. The coexistence can be maintained by separating the subframe sets for NR and legacy TDD-LTE. For example, using eIMTA, a flexible subframe may be set as a UL subframe and used for NR; or configure different subframe sets, as in ICIC, the legacy UE is not required to monitor one or more set of the subframes, which can be used for NR.
However, either eIMTA or ICIC subframe sets for NR requires TDD configuration change and have impacts on existing TDD-LTE operation, and may cause unexpected co-channel and adjacent channel interference. Thus, to mitigate DL/UL interference among existing TD-LTE and NR, NR should be able to operate without modifying the existing TDD-LTE structure, i.e. keep the same DL subframe and UL subframe position with TD-LTE when NR and TD-LTE co-exist within a same CC or adjacent CC.
Therefore, the association timing between downlink data and corresponding HARQ-ACK has to be dynamically changed according to the downlink data location to achieve the coexistence with TD-LTE.
TDD UL/DL configuration 2 is the most used configuration in TDD-LTE deployment. To keep full co-existence with LTE TDD configuration 2, a maximum association timing of 4ms should be supported, as shown in Figure 1. If the coexistence with UL/DL configuration 5 with 10ms periodicity is supported, a maximum association timing of 9ms should be supported.
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Figure 1: Examples of co-existence with TD-LTE
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Proposal 2: 
· Actual association timing between DL data reception and corresponding acknowledgement should be changed dynamically
· The minimum association timing is X between the last DL data before the DL to UL switching
· A maximum association timing of 4ms should be supported for co-existence of TDD-LTE with 5ms periodicity. 
· FFS:A maximum association timing of 9ms should be supported for co-existence of TDD-LTE with 10ms periodicity

Conclusion
In this contribution, we discuss the required duration of DL to UL switching, and the feasible values. Furthermore, for scheduling flexibility and TD-LTE co-existence, we discuss the maximum allowed association timing between a DL data to the corresponding acknowledgement. We propose that:

Proposal 1: 
· Multiple X and Y values need to be specified for different UE capabilities and payload sizes. 
Proposal 2: 
· Actual association timing between DL data reception and corresponding acknowledgement should be changed dynamically
· The minimum association timing is X between the last DL data before the DL to UL switching
· A maximum association timing of 4ms should be supported for co-existence of TDD-LTE with 5ms periodicity. 
· FFS: A maximum association timing of 9ms should be supported for co-existence of TDD-LTE with 10ms periodicity
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