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1 Introduction

RAN1#86 and [86-19] discussed slot definition, i.e., value of y. In this contribution, we address our view about the value of y.

2 Discussion
According to the concept of a mixed slot, the slot can start with DL ctrl and/or end with UL ctrl. In this section, we discuss the scheduling behaviour of each choice for y. We attempt to design the slot structure that supports low latency data (LLD) in the unpaired spectrum. During the discussion, we assume that the gNB scheduler does not determine the slot type beforehand, and focus on the decision of type of the next slot. For the sake of comparison, we assume that LLD can be scheduled in one slot even without the buffer status report and aperiodic CSI feedback.
2.1 Slot (y=x/2=7) based TDD

Suppose that the gNB scheduler determines the type of the next slot. If any DL LLD is arrived with no received scheduling request (SR), then the gNB scheduler strives to assign DL-centric slot. If any UL LLD is generated with no DL LLD arrival, then the UE transmits SR in the first SR resource and the gNB scheduler strives to assign UL-centric slot. When both DL LLD is arrived and UL LLD is generated, the gNB scheduler should assign DL assignment and UL grants as fast as possible. The gNB would have to use two slots to support LLD of each direction because a slot (y=7) does not allow both DL data and UL data in the same slot. This mandates that the gNB scheduler jointly determines the type of two consecutive slots, and there are at least four alternatives.

Alt 1: UL-centric slot and succeeding DL-centric slot
The Figure 1 (a) depicts that the slot 0 is assigned UL-centric and the slot 1 is assigned DL-centric. In the slot 0, the UL subslot is granted via DL Ctrl. Since the gNB scheduler decides slot type at every slot, UL resources for grant-free transmissions may not be reserved in slot 0, otherwise it loses the flexibility of gNB scheduler. Any UL LLD that arrives during the slot 0 and slot 1 is not granted without SR. UE should utilize the SR in either slot 0 or slot 1. In this sense, the SR in slot 0 can be omitted with no performance degradation due to the presence of the SR in next slot 1. In the case of ACK is not shown in Figure 1 (a) because no DL data is scheduled in the slot 1 though DL data in previous slots would be acknowledged in the slot 0. 

In the slot 1, DL subslots are assigned via DL Ctrl, which could be located in the first part of the slot 1 or in the middle of the slot 1. By doing so, the DL LLD which arrives during the slot 1 could be transmitted in the very same slot.

In Alt 1, it is noted that the gNB scheduler should assign GP symbol(s) at each slot. If the served UE requires many GP symbols, then the slot (y=7) has only few symbols for data. Two times of GP burdens the gNB scheduler and can reduce the throughput. 
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(a) UL-centric and DL-centric
(Alt 1)

(b) DL-centric and UL-centric (Alt 2)

Figure 1 Joint scheduling of two slots

Alt 2: DL-centric slot and succeeding UL-centric slot

The Figure 1 (b) describe that the slot 0 is assigned DL-centric and the slot 1 is assigned UL-centric, which is reversed to the Alt 1. In the slot 0, DL subslots are assigned via DL Ctrl, which could be also located in the front or in the middle part in the slot 0. The DL LLD that arrives in the slot 0 can be scheduled, while the DL LLD that arrives in the slot 1 should wait for the next slot (i.e., slot 2) to be scheduled.

In the slot 1, the UL subslot is granted via DL Ctrl. By similar reasoning to Alt 1, grant-free transmissions may not be supported in UL. The UL LLD that arrives in the slot 0 can use the SR resource at the slot 0 to have it granted in the next slot (i.e., slot 1), and the UL LLD that arrives in the slot 1 should wait for the SR resource in the next slot (i.e., slot 2)

In Alt 2, it is noted that the gNB scheduler also assigns GP symbol(s) for each slot. If the served UE requires many GP symbols, then the slot (y=7) has only few symbols for data, as pointed out at the Alt 1. 

Observation 1: Alt 1 and Alt 2 may have large GP overhead if the cell coverage is large.
Alt 3: DL-centric slot and succeeding UL slot
The Alt 3 (Figure 2 (a)) has a DL-centric slot and a UL slot. The number of Ctrl instances are not symmetric. The two slots have one DL Ctrl (with possibly many DL Ctrls) and two UL Ctrls. 

The gNB scheduler makes DL scheduling assignment in DL Ctrls in slot 0. The UL ACK resource in slot 0 is used by UEs that are assigned in the slot 0 or previous slots. If there are no such UEs, then the gNB scheduler makes UL Ctrl in slot 0 empty. The SR resources in slot 0 need not be reserved because the next SR opportunity is given in slot 1 and two SR resources cause the same UL scheduling latency. In this case, the gNB scheduler can exploit UL Ctrl(s) symbol effectively as another GP symbol(s). The UEs can acquire more processing time and more propagation delay, and in turn, the cell coverage can be increased.

In slot 1, UL subslots in slot 1 is granted by using the DL Ctrl the symbol 0 at slot 0. In terms of GP overhead, on average the GP overhead is halved.

 
[image: image3.emf]CT

RL

A

C

K

DL 

subslot

HARQ

DL assignment

UL grant

S

R

UL subslot

Symbol index

Slot index

0 (DL-centric)

0 1 2 3 4 5 6

1 (UL)

0 1 2 3 4 5 6

C

T

R

L

D

L

 

s

u

b

s

l

o

t

DL assignment

A

C

K

HARQ



 EMBED Visio.Drawing.15  [image: image4.emf]CT

RL

DL 

subslot

HARQ

DL assignment

UL grant

S

R

UL subslot

Symbol index

Slot index

0 (DL)

0 1 2 3 4 5 6

1 (UL-centric)

0 1 2 3 4 5 6

C

T

R

L

D

L

 

s

u

b

s

l

o

t

DL assignment

A

C

K

HARQ

CT

RL

UL 

subslot

UL grant


(a) DL-centric and UL (Alt 3)

(b) DL and UL-centric (Alt 4)

Figure 2 Joint scheduling of two slots

Alt 4: DL slot and succeeding UL-centric slot
The Alt 4 (Figure 2 (b)) has a DL slot and a UL-centric slot. The two slots have two DL Ctrl (with possibly many DL Ctrls) and one UL Ctrl. 

Similar to the Alt3, the joint slot configuration can be useful only when the DL data that has been transmitted is not acknowledged in the slot 0 because the UL Ctrl symbol(s) can be used in other purposes. The gNB scheduler can avoid the case to utilize the Alt 4. 

As the gNB scheduler can assign as many DL Ctrls as necessary in slot 0, the DL Ctrl in slot 1 may not quite necessary to schedule UL LLD in slot 1. In this case, we can consider whether this DL Ctrl is omitted or not. If we omit DL Ctrl by implementation or scheduling decision, then it is equivalent to increase the number of GP symbol(s).

Observation 2: Alt 3 and Alt 4 may reduce the GP overhead if some Ctrl resource is not used.
The above alternatives use slot of y=7. We notice that GP overhead can be burden and the coverage can be limited. We also observed that some gNB scheduling decision can reduce the GP overhead if gNB scheduler does not intend and/or allocate control channel in Ctrl resource. However, such decision is not flexible to move GP duration any location within the slot. Due to the slot type definition, the leftmost GP or the rightmost GP symbols are bounded within a slot.

Also another point to discuss is to configure grant-free UL resource. The gNB scheduler dynamically decides the type of slot at each slot, and the grant-free UL resource should have at least periodicity. Since gNB scheduler does not know which slot will receive the SR, the gNB scheduler does not have any good reason to set the type of some slot periodically UL(-centric). It is originated from the fact that the slot type is not pre-determined and is set independently. If the type of slots are semi-statically configured due to LTE coexistence, etc, then the occurrence of grant-free UL resources can be predictable.
2.2 Slot (y=x=14) based TDD

We consider the same situation that DL LLD is arrived and the SR for UL LLD is received at the gNB scheduler. In this section, we consider the longer slot (y=14).
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Figure 3 Mixed slot, y=14

The Figure 3 illustrates longer slot of 14 symbols. DL subslots are assigned via DL Ctrl, which could be also located in the front or in the middle part in the slot. There are several differences to alternatives in the previous section.
Firstly, the gNB scheduler can vary the location of GP symbol(s) within the slot (y=14). The DL-centric slot or UL-centric slot (y=7) can also be flexible in the limited range, but since Ctrl resource is reserved, the gNB scheduler should not schedule for data transmissions using the Ctrl resource. However, the longer y (e.g., y=14) has reserved Ctrl resources with less periodicity. If the gNB scheduler is able to flexibly and freely access to those resource for data transmission, then the system throughput will be increased as much as the amount of fixed Ctrl resources.
In addition, gNB may also configure grant-free UL resources in UL subslots because the slot has always UL resources for UL data and does not force the gNB scheduler’s decision to set slots being UL(-centric).  The purpose of grant-free UL resources is to reduce the scheduling latency due to SR, and reserved UL resources will decrease the resource efficiency especially when those are UE-specifically configured. In this sense, the cell (or UE group)-specific grant-free UL resources can be configured instead.

Furthermore, each slot type should consider UE measurements. Idle UEs performs RRM measurements to camp on the target cell. In order to avoid measuring UL resources or GP, fixed DL resources should be available periodically to idle UEs. We also have to consider UEs performing inter-frequency RRM measurements using the measurement gap (if introduced). Since the measurement gap restricts the serving cell’s scheduling, it is good to decrease the gap length. If the gNB scheduler does not assign DL(-centric) slots sufficiently often, then UEs performing inter-frequency RRM measurements may not achieve measurement accuracy. This concern can be solved if we increase y=14. The mixed slot (y=14) has both DL resource and UL resource, and it seems easier to reserve periodic DL resource within the slot while the gNB scheduler can independently switch the slot type.
The RSRQ (if introduced) can be a function of RSRP and RSSI. The measurement of RSSI has made issues during the Rel-10 eICIC and Rel-12 SCE discussions because the measurement accuracy depends on the number of available subframes that include the RRS and the density of RRS. The current LTE specification mandates to use all DL symbols whenever there are some restrictions in the time domain. Likewise, in the NR TDD, it can be a good baseline to let UEs know the boundary of DL resource within the slot. It can be signalled cell-specific at least for idle UEs, and its dynamic signalling can be present whenever RRS resources are transmitted.
One more point to consider is the forward compatibility issue. We are still discussing which features to be supported in Phase 2 NR. To support new items, we should strive to minimize periodic resources. This can hold in the slot structure. Even though the slot structure requires the fixed Ctrl resource, this cannot be assigned to data. It seems a good way to reduce the period of fixed Ctrl resource by introducing longer slots. The gNB scheduler can assign DL Ctrl within the slot if necessary and can assign UL Ctrl within the slot if necessary. The gNB scheduler can assign grant-free UL resources within the slot if necessary and the amount of such resource is up to UL LLD characteristics, channel condition, system bandwidth, etc. 

Observation 3: Longer slot (y=14) can assign GP symbol(s) location more flexibly, is more convenient to configure RRS resources and grant-free UL resources, fits more to the forward compatibility.
Proposal 1: y=14 is preferred in terms of flexibility.
3 Conclusion

In this contribution, we discuss several slot type alternatives, and the following observations and proposal are made.
Observation:
· Alt 1 and Alt 2 may have large GP overhead if the cell coverage is large.
· Alt 3 and Alt 4 may reduce the GP overhead if some Ctrl resource is not used.
· Longer slot (y=14) can assign GP symbol(s) location more flexibly, is more convenient to configure RRS resources and grant-free UL resources, fits more to the forward compatibility.
Proposal:
· y=14 is preferred in terms of flexibility.
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