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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This document discusses and proposes time domain structure of NR.

Discussion
We propose following time domain structure of NR. From the frame structure perspective, unpaired band has more limitation. We think the design of unpaired band is extended to paired band would increase the commonality of paired and unpaid band. Therefore, we start the discussion from unpaired band. 

[bookmark: _GoBack]Number of DL to UL switching point within certain period
To have many DL to UL switching points increases the overhead of DL/UL switching gap. Even it is optimized for small TA case, at least one symbol is lost as the gap. Note that UL to DL switching point at the network perspective is zero gap in this discussion. To have gap of UL to DL can be based on TA configuration. Therefore, from the efficiency perspective, lesser switching period is desirable. On the other hand, to have many DL/UL switching points can reduce the latency of the data as ack/nack corresponds to data can be sent within shorter period. 
In the last RAN1 meeting, following was agreed.
•	For the numerology with 15 kHz and larger subcarrier spacing ,1 msec alignment is supported.
Within 14 symbols of 1ms of 15 kHz subcarrier spacing, to lose 1 symbol as DL/UL switching gap means at least 7% order of efficiency. Although to have more DL/UL switching points have the latency reduction gain, to have more overhead is not desirable from the efficiency perspective. Therefore, we propose following.
Proposal 1: At most 1 DL to UL switching point over 14 symbols (= 1ms) in 15 kHz subcarrier spacing.

RAN1 discussion direction is to have 60 kHz or higher subcarrier spacing. In case of 60 kHz subcarrier spacing with scaled CP length based on the numerology, 14 symbols means 0.25 ms. Our current view is no need to reduce latency further by increasing DL/UL switching points. Therefore, we propose following.
Proposal 2: At most 1 DL to UL switching point over 0.25 ms when 60 kHz or higher subcarrier spacing is used.

The period of DL length and UL length
NR needs to support coexistence with LTE. From this reason, 1msec alignment was agreed. For the same reason, NR should support the deployment that the neighbour cells are LTE TDD operation. In case of DL/UL interference is manageable like small cell, it is not required to have the same DL/UL configuration among neighbours. In case of macro like deployment, it is required to have the same DL/UL configuration with the neighbour LTE cells. Therefore, we propose following.
Proposal 3: NR should support the uplink-downlink configurations supported by LTE, i.e. full 1ms is DL, full 1ms is UL and special subframe configurations within 1ms.

In addition to DL/UL symbol split period supported by LTE TDD, to support DL dominant configuration and UL dominant configurations are useful for efficient DL data transmissions or UL data transmission. The DL/UL gap length also needs flexible to take into account different propagation delay deployment. Therefore, we propose following.
Proposal 4: The DL/UL switching point position and gap length within 1ms is flexible for 15 kHz subcarrier spacing.

In case of 60 kHz or higher subcarrier spacing, the flexibility of DL length and UL length could be reduced for minimizing the complexity but it may be sufficient to support the similar flexibility with 15 kHz subcarrier spacing case. For now, we propose following.
Proposal 5: The DL/UL switching point position and gap length within 0.25ms is flexible for 60 kHz or higher subcarrier spacing.

The number of HARQ process
As evaluated in companion contribution [1], to split DL length and UL length to multiple TTIs has following merits.
- Reduction of the latency without increasing UL/DL gap length.
- To increase the UE processing time compared with single HARQ process design. 
- For DL, not to have gap period after the reception of Acknowledgement to DL assignment.  For UL, not to have the gap period after the UL data to assignment.
On the other hand to split more than 2 HARQ increases the overhead caused by multiple HARQ process like control channels. Therefore, we propose to support up to 2 HARQ process. The following figure shows the timing relations for 1ms case of 15 kHz subcarrier spacing.


[bookmark: _Ref458179055]Figure 1 DL/UL timing diagram in case of 15 kHz subcarrier spacing
For uplink dominant configuration, similar to DL, we also propose up to 2 HARQ process within 1ms. This is illustrated in the following.



Figure 2 DL/UL timing diagram in case of 15 kHz subcarrier spacing
Therefore, we propose following.
Proposal 6: Up to 2 HARQ process are supported within 1ms for 15 kHz subcarrier spacing.

In case of 60 kHz or higher subcarrier spacing, to have more than 2 HARQ process within 0.25 ms can reduce latency but we don't see the merit so much. The cost of more control channel overhead is our concern. Therefore, we propose the similar principle is applied.
Proposal 7: Up to 2 HARQ process are supported within 0.25ms for 60 or higher subcarrier spacing.

Small UL data transmission
NR carrier bandwidth could be 80 MHz or 100 MHz for the efficient support of wide band frequency allocation. In such case, to consume 1 symbol for ACK/NACK only is not efficient. FDM with other uplink transmission should be considered for such symbols. The candidate of such transmission is scheduling request, buffer status report and TCP initial request. These could be transmitted without UL grant.
By not receiving the last symbol(s) before DL to UL gap for some UEs, these some UEs can transmit data during the network level gap duration. Even by receiving the last symbol(s) before DL to UL gap, depending on TA value, some UE could transmit during the network level gap duration. The transmission in these periods can be useful also for Scheduling request/Buffer status report/TCP initial request.
Proposal 8: Scheduling request/Buffer status report/TCP initial request should be allowed to be transmitted in the period of Acknowledgement for DL and DL to UL gap period.


Paired band operation
The design described in unpaired band can be extended for paired band. The illustration of paired band is shown in figure 3. Blue and green shows DL data and corresponding acknowledgement. Yellow and orange shows UL data and corresponding assignment.



Figure 3 Paired band operation in case of 15 kHz subcarrier spacing
Proposal 9: Paired band operation is realized by the extension of unpaired band operation.


Transient period handling
In [2], we proposed to have explicit transient period in UL instead of transient period is inside TTI length. By not mandating symbol boundary alignment between DL and UL, such explicit transient period is available.
Proposal 10: To have explicit transient period in UL.


Conclusion
This document discuss and proposes time domain structure of NR.We propose following.
Proposal 1: At most 1 DL to UL switching point over 14 symbols (= 1ms) in 15 kHz subcarrier spacing.
Proposal 2: At most 1 DL to UL switching point over 0.25 ms when 60 kHz or higher subcarrier spacing is used.
Proposal 3: NR should support the uplink-downlink configurations supported by LTE, i.e. full 1ms is DL, full 1ms is UL and special subframe configurations within 1ms.
Proposal 4: The DL/UL switching point position and gap length within 1ms is flexible for 15 kHz subcarrier spacing.
Proposal 5: The DL/UL switching point position and gap length within 0.25ms is flexible for 60 or higher subcarrier spacing.
Proposal 6: Up to 2 HARQ process are supported within 1ms for 15 kHz subcarrier spacing.
Proposal 7: Up to 2 HARQ process are supported within 0.25ms for 60 or higher subcarrier spacing.
Proposal 8: Scheduling request/Buffer status report/TCP initial request should be allowed to be transmitted in the period of Acknowledgement for DL and DL to UE gap period.
Proposal 9: Paired band operation is realized by the extension of unpaired band operation.
Proposal 10: To have explicit transient period in UL.
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