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Introduction
In RAN1#86b, both dynamically indication and semi-statically indication are considered in following agreements
Agreements:
· Timing relationship between DL data reception and corresponding acknowledgement can be (one or more of, FFS which ones)
· dynamically indicated by L1 signaling (e.g., DCI)
· semi-statically indicated to a UE via higher layer
· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)
· FFS: minimum interval between DL data reception and corresponding acknowledgement
· FFS: common channels (e.g. random access)
Agreements:
· Timing relationship between UL assignment and corresponding UL data transmission can be (one or more of, FFS which ones)
· dynamically indicated by L1 signaling (e.g., DCI)
· semi-statically indicated to a UE via higher layer
· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)
· FFS: minimum interval between UL assignment and corresponding UL data transmission
· FFS: common channels (e.g. random access)

This contribution discusses timing relation dependency to slots transmission direction indication method.
Discussion
Semi-static and dynamic transmission direction
We see following cases need the discussion on semi-static transmission direction indication. We discuss each case separately.

1) common channel
The resources and transmission direction for PSS/SSS/MIB/initial SIB/RACH/SR are fixed or semi-statically configured and those signals would occupy a part of slot. The remaining resources in the same slot could be used by dynamic transmission direction indication. UE just knows which symbols are used for common channel semi-statically and the remaining part could be dynamic transmission direction indication. 

2) coexistence with other operation
In [1], the motivations of semi-statically DL/UL transmission direction are described as following three cases.
–	Efficient coexistence between adjacent carriers of different operators
–	Efficient coexistence between NR and LTE
–	Efficient operation in macro deployment scenarios
Among above use cases, in efficient coexistence between NR and LTE, if some subframes are operated as almost blank subframes or non-scheduled UL subframes in LTE, NR could be operated as dynamic transmission direction indication in these subframes. On the other hand, the other subframes and the other use cases, semi-static slot transmission direction is required for NR.

3) mMTC cases
In case of wider coverage extension of mMTC with large repetition, to change transmission direction dynamically in short period is impossible as the number of the repetition can be longer than the change periodicity of dynamic transmission direction. Therefore, semi-static slot transmission direction is required.

In the other types of the operation like eMBB and URLLC with unicast, transmission direction indication by dynamic manner is possible and desirable for shorter latency in unpaired spectrum. The control channel located in earlier symbols in a slot indicates transmission direction of the slot. Note that "transmission direction of the slot" may only indicate the DL period in a slot only. The remaining is used as uplink may be not required to be known except UE actually transmit UL. 

Based on the above discussion, from gNB perspective, followings three operations are required
1) all slots transmission directions are semi-statically decided
2) all slots transmission directions are dynamically decided
3) Some slot transmission directions are semi-statically decided and the remaining slots transmission directions are dynamically decided

On the other hand, from UE perspective, only two cases could be enough to realize above three gNB operations. In a cell, case A UE and case B UE might be mixed. 
Case A) all slots transmission directions are semi-statically indicated
Case B) all slots transmission directions are dynamically indicated. Even in the slots semi-statically constant transmission direction, UE obtains the transmission direction dynamically. 

We further discuss "timing relationship between DL data reception and corresponding acknowledgement" and "timing relationship between UL assignment and corresponding UL data transmission" in the following sections based on above case A and case B because how and when UE knows UL transmission direction (or non-DL transmission direction) are different.
In the following we didn't discuss self-contained slot operation because above timing relationships are known as "self-contained".

Timing relation dependency 
Case A) all slots transmission directions are semi-statically indicated
In this case, timing relationships between DL data to ACK/NACK and between UL assignment to UL data can be determined by setting the minimum timing relationship of these events because UE actions is not possible less than minimum timing relations. gNB takes into account UE processing capability, TA value, TB size, and use cases for the decision of the minimum timing relation of these events. We propose gNB decides such minimum timing relations and indicates to UE semi-statically.
Illustration of this behaviour is described in Figure 1 as example. The minimum timing relation is 3 slots. When UE detect UL assignment in slot #0, UE transmit UL data in UL slot later than slot #2. UE transmit UL data in slot #3. When multiple UL slots are allocated by one DL slot, in order to distinguish UL slots, additional indication is necessary in UL assignment similar to LTE, When UE receives DL data in slot #0, UE transmits ACK/NACK in latest UL slot later than slot #2. Depending on UL/DL configuration, multiple DL slot’s ACK/NACKs are transmitted on a slot like slot#9.
[image: ]
[bookmark: _Ref462913132]Figure 1 all slots transmission directions are semi-statically indicated

Proposal 1: When transmission direction is indicated semi-statically, gNB decides minimum timing relations between DL data to ACK/NACK and between UL assignment to UL data. gNB indicates this to UE semi statically.

Case B) all slots transmission directions are dynamically indicated
In this case, there are two possibilities for UE to determine when ACK/NACK for DL and UL data are transmitted. One is DL assignment or UL assignment indicates these timing relationships. The other is UE waits UL direction and sends them in the first slot which meets predetermined minimum delay. We think the second option does not work well because misunderstanding of UL slot by UE causes the error case. The first option does not have such error event because DL control signal also indicates the UL transmission timing. Therefore, we propose following.
Proposal 2: When transmission directions are indicated dynamically, DL assignment should indicate ACK/NACK timing.
Proposal 3: When transmission directions are indicated dynamically, UL assignment should indicate uplink data timing.

Others
For HARQ process in asynchronous and adaptive HARQ, gNB indicates the number of HARQ process per carrier semi-statically. It is also same as the amount of process number in DCI. In UE side, separated or sharing buffer would be implementation issue.
For HARQ ACK/NACK bit, multi-bit HARQ feedback should be considered for large TBS as also discussed in [2]. The number of bits per PUCCH (or UL slot) is configured by gNB.

Conclusion
We propose followings.
Proposal 1: When transmission direction is indicated semi-statically, gNB decides minimum timing relations between DL data to ACK/NACK and between UL assignment to UL data. gNB indicates this to UE semi statically.
Proposal 2: When transmission directions are indicated dynamically, DL assignment should indicate ACK/NACK timing.
[bookmark: _GoBack]Proposal 3: When transmission directions are indicated dynamically, UL assignment should indicate uplink data timing.
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