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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This document discusses the remaining frame structure discussion.

Discussion
Usage of slot and corresponding length
Our view on slot usage and corresponding usage is described in the email discussion on [86-19] Email Discussion. Following is the copy of the description.

	
	Our usage is "within a slot, at maximum one Tx/Rx switching " and "mini-slot as the minimum TTI length". Therefore, how often Tx/Rx switching occurs determines slot length. TTI length determines mini-slot length. 

For 15 kHz subcarrier spacing, we see the need of similar DL/UL switching behaviour over 1ms with special subframe for the case that the neighbour cells are LTE TDD. In addition, one symbol granularity is large. Therefore, at least 14 symbol slot length should be supported. For 60 kHz or higher, TTI corresponding to 0.125 ms would be sufficient as the minimum granularity. Currently UE's RF transition time of on/off and power change is the order of 20 to 40 usec. Although we should reduce such transition time in NR, these numbers would not be scale well. Therefore, our view is 0.125 ms (125 usec) would be sufficient minimum granularity. Further elaboration is described below.
 
For 15 kHz subcarrier spacing:
- eMBB:  
- Slot length is 14 symbols (1ms).  Mini-slot length can be 2, 5, 6 symbols.





- We are also ok to support slot length 7 symbols (0.5ms) in addition. This is for latency reduction purpose if necessary.
- URLLC:
- Same as EMBB. Mini-slot with FDD is used to satisfy latency requirement if 15 kHz subcarrier spacing is used. Or to use higher subcarrier spacing described below.
- mMTC:
- Same as EMBB.

For 30 kHz subcarrier spacing:
We are FFS whether this subcarrier spacing is supported or not. If supported, our view is same as 15 kHz subcarrier spacing should be fine. It means slot length is 14 symbols of 0.5ms.

For 60 kHz or higher subcarrier spacing:
Slot length for eMBB, URLLC and mMTC corresponds to 0.125ms. It means 14 symbols in 120 kHz. 7 symbols in 60 kHz subcarrier spacing (if supported). 28 symbols in 240 kHz (if supported).  56 symbols in 480 kHz (if supported)
No need to use mini-slot in these subcarrier spacing. We are also ok to support mini-slot length corresponding roughly half of one downlink part and half of one uplink part. This allows similar to 15 kHz behaviour.




Slot length for 15 kHz subcarrier spacing
One of difference of the view in the email discussion is whether slot length for 15 kHz subcarrier spacing is 7 symbols or 14 symbols. 7 symbol proponents argues 14 symbols slot can be realized by concatenation of 7 symbol slots with only one DL/UL switching period over 14 symbol. Our view is to have 14 symbol slot length is better from following reasons.
- Similar DL/UL switching behaviour over 1ms with special subframe for the case that the neighbour cells are LTE TDD. 
This is required to have same DL/UL direction in macro cell deployment with the spatially neighbour LTE TDD cells and neighbour frequency LTE TDD cells. In this case, DL/UL switching point is located rather in the middle of 1ms. The concatenation of 7 symbols does not fit well for the realization to have same DL/UL direction with LTE TDD special subframe. We note that all DL/UL direction supported in LTE TDD special subframe may not be supported for the simplification of NR spec.
- Maximum TA value corresponding to roughly 666 usec. 
In order to support similar uplink coverage, we see the need of around 666 usec TA value. 666 usec exceeds 7 symbols of 15 kHz subcarrier spacing (i.e. 500 usec). When TA value exceeds a slot length, the timing indication/specification related to "DL data to ack/nack" and "control to UL data" are complicated as it needs to handle the case slot number may vary depending on TA value or the indication related to slot may influence previous slot behaviour. Therefore, when larger TA value is used, 14 symbols should be used.
 - Mini-slot boundary spans slot boundary 
In order to have good balance of DL/UL switching overhead and latency, we propose to use 2 HARQ process within 1ms for 15kHz case. Aggregation of 7 symbols slot requires the case that mini-slot spans between slot boundaries for similar symbol length between two HARQ processes.
In order to be competitive to LTE latency reduction, 2 symbol mini-slot length needs to be supported. If slot length is 7, there is a case that mini-slot boundary spans slot boundary.
For above reasons, we propose slot length is 14 for 15 kHz subcarrier spacing. 
Proposal 1: 
The slot length is 14 for 15 kHz subcarrier spacing.


DL/UL switching
In the agenda for duplexing, we propose DL/UL switching is not per cell but per UE or per group of UEs. This has the following merits.
- For UE who don't transmit UL immediately after DL, DL reception can be continued. Then overhead caused by switching can be minimized in time.
- Within a bandwidth, to allow DL part and UL part simultaneously at least forward compatibility purpose.
- A cell could be separated by multiple TRPx like LTE's CoMP scenario 4 like deployment. In this case, all TRPx is not required to operate same DL/UL direction.
More discussion is described in [1].
Proposal 2: 
DL/UL switching should not be cell specific but UE and/or group specific.

Blank resource generation
Several contributions [2][3] compares two method of blank resource generation as explicit method and implicit method described below. Explicit method can be further subcategorized by semi-static method and dynamic method.
1a. explicit blank resource indication by semi-static manner
1b. explicit blank resource indication by DCI
2. Implicit blank resource indication by scheduling
We think method 2 should be basically used for the generation of blank resource but this method would have the restriction that the blank resource generation granularity is only scheduling granularity like "one scheduling unit in time and frequency". Method 1a has the merit to overcome such restriction by smaller granularity than scheduling. Therefore, method 2 and method 1a are complimentary functions.
The need of method 1b depends on how to realize URLLC and related forward compatibility. We see the need of such method but this scheme increase DCI overhead. Therefore, if method 1b is supported, to reduce DCI overhead should be studied.

Proposal 3: 
Blank resource is generated by explicit blank resource indication by semi-static manner and implicit blank resource indication by scheduling.
Proposal 4: 
Study the relation to URLLC realization by explicit blank resource indication by DCI. If this is used, DCI overhead should be considered.




Conclusion
This document discussed the remaining aspect of the frame structure. We propose following.
Proposal 1: 
The slot length is 14 for 15 kHz subcarrier spacing.
Proposal 2: 
DL/UL switching should not be cell specific but UE and/or group specific.
Proposal 3: 
Blank resource is generated by explicit blank resource indication by semi-static manner and implicit blank resource indication by scheduling.
Proposal 4: 
Study the relation to URLLC realization by explicit blank resource indication by DCI. If this is used, DCI overhead should be considered.
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