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1 Introduction

In previous RAN1 meetings, the following agreements were made on NR TDD operations [1] ~ [5]:
Agreements: (RAN#86)
· NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation
· The assigned DL/UL transmission direction can be signalled to UE by higher layer signalling
Agreements: (RAN1#87)
· For adjacent channel/band operation of NR and LTE in the unpaired spectrum

· Design at least one semi-statically assigned DL/UL transmission direction configuration for NR that avoids DL/UL interference with at least one LTE TDD DL/UL configuration and special subframe configuration

· This does not preclude at most one semi-statically DL/UL transmission direction configuration in NR specification

· Note: DL/UL interference also can be avoided by using dynamically assigned DL/UL transmission direction in some cases

· FFS: Backhaul signaling between NR and LTE for interference coordination
· FFS: Other mechanisms
Agreements: (RAN1-NR#1)
· NR supports efficient adjacent channel co-existence with LTE-TDD using UL-DL configurations 0,1,2,3,4,5 in unpaired spectrum  

· FFS detailed mechanism
· NR supports efficient adjacent channel co-existence with LTE-TDD using all the special subframe configurations in unpaired spectrum
· Notes:

· The above bullets does not necessarily imply that two or more frame structures are to be defined for NR

· The wording “efficient” in the above two bullets does not imply exact alignment of configurations

· RAN1 has agreed the following
· Design at least one semi-statically assigned DL/UL transmission direction configuration for NR that avoids DL/UL interference with at least one LTE TDD DL/UL configuration and special subframe configuration
Agreements: (RAN1#88b)
· From UE signaling perspective,
· The higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR can achieve at least the followings
· A periodicity where the configuration applies; 
· FFS: Detailed periodicity set; 
· FFS: how to achieve the signaling of periodicity

· A subset of resources with fixed DL transmission;
· FFS: The subset of resources can be assigned in granularity of slot and/or symbol;
· A subset of resources with fixed UL transmission;
· Resources with fixed UL transmission happens in the ending part of the periodicity is supported;
· FFS: The subset of resources can be assigned in granularity of slot and/or symbol;
· FFS: Other resources not indicated as “fixed UL” or “fixed DL” or “reserved/blank” can be considered as “flexible resource”, where transmission direction can be changed dynamically.
Agreements: (RAN1#88b)
· Strive for unified design regardless of whether the DL/UL resource partition is dynamic or semi-static

· UE behaviors at least the following are common regardless of whether the DL/UL resource partition is dynamic or semi-static:
· Scheduling timing between control to the scheduled data

· HARQ-ACK feedback including timing
· Strive for a limited number of semi-static DL/UL resource partition.

· NR may include tools motivated by either dynamic or semi-static.
· FFS: UE behavior if there is a conflict between dynamic and semi-static signaling.

Agreements: (RAN1#89)
· Regarding to the periodicity that included in the higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR, at least the following values are supported:

· [Roughly 0.125ms, roughly 0.25ms,] 0.5ms, 1ms, 2ms, 5ms, 10ms;

· Each periodicity is supported for particular SCS(s)/slot duration(s)
· FFS: details
Working assumption: (RAN1#90)
· ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.

· ‘Unknown’ is signalled at least by SFI in a group-common PDCCH

· FFS: Possibility of overridden by some types of RRC (e.g., measurement configuration)

· ‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.

· ‘Reserved’ is signalled at least by RRC

· FFS: handling of ‘gap’

· For semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration.

This contribution discusses NR TDD operations depending on the above agreements and provides our views on it.
2 Discussion
In LTE, two TDD operations are supported depending on that how fast a TDD UL-DL configuration for a serving cell can be changed. The one is TDD operation by semi-static TDD UL-DL configuration in Rel-8 and the other is dynamic TDD operation specified in Rel-12 eIMTA WI. For semi-static TDD operation, one among seven TDD UL-DL configurations defined in LTE is semi-statically configured for a serving cell by SIB2 depending on the average amount of DL and UL traffic. While for dynamic TDD operation in eIMTA, a TDD UL-DL configuration per 10ms can be re-configured by L1 signaling depending on the amount of DL and UL traffic within one radio frame.
For NR, it was agreed that NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner. It would enable dynamic slot change to accommodate real time traffic adaptation within 1ms and also to support DL or UL urgent URLLC services.
In addition, for NR, it was agreed that NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation and it was introduced to mitigate cross-interferences between NR and LTE for LTE-NR coexistence in adjacent channels/bands.
In this regard, the following two types of slots (or resources) can be considered for NR TDD operations:
- Slots with fixed resources (or fixed slots): The semi-static assignment of DL/UL transmission direction for NR in the above agreement is referred to as “slots with fixed resources (or fixed slots).
- Dynamic slots: The flexible resource in the above agreement is referred to as “dynamic slots”.
Slots with fixed resources (or fixed slots)
As with any cellular systems, essential operations such as synchronization, system information acquisition, random access, and paging have to be supported in NR TDD. Consequently, fixed resources are necessary to support the essential system operation. 
One FFS issue from the agreement in RAN1#88b is about whether the subset of fixed resources can be assigned in granularity of slot and/or symbol. Two alternatives can be considered in terms of a network implementation to operate fixed resources. The first alternative is to introduce slots with fixed DL/UL parts. In this alternative, only OFDM symbols to accommodate essential system operations are fixed within a slot and then remaining part of the slot can be flexibly utilized by a network. The other alternative is to introduce fixed slots. In this alternative, a whole slot can be fixed and even parts to not transmit essential system operations within the slot cannot be flexible. For example, two fixed slots (e.g., DL only and UL only) within one radio frame can be introduced. It is noted that if a fixed slot is UL only, NR UEs does not need to monitor PDCCH on the slot.
A downside of having this fixed type of slots is that once certain resources are fixed in the spec. or by system information, the resources are difficult to be utilized for dynamic resource and forward compatibility. Hence, at least from forward compatibility point of view, it would be better if fixed resources can be restricted as small subsets as possible. In this regard, RRC configured slots can be considered. Thus, formats of certain slots can be configured by RRC signaling. For example, certain slots can be configured by RRC signaling as DL/UL only or DL/UL centric and then, the RRC configured slots can be utilized for offloading of essential system operations from fixed type of slots. For example, RRC connected UEs can be configured to perform non-contention based random access on RRC configured slots instead of fixed slots for initial access UEs and idle UEs. With a help of the RRC configured slots, the amount of fixed slots can be reduced as much as possible. If a RRC configured slot is a UL only slot, NR UEs does not need to monitor PDCCH on the slot. 
In addition, in RAN1 #90, it was made as working assumption that for semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration and ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden. On the other hand, in RAN1 #86, it was agreed that unless otherwise specified or indicated to the UE, the UE shall make no assumption on whether to transmit or receive at least within the data region(s) in a given time interval X. Therefore, it should be noted that UEs shall not assume anything (e.g. not transmit and not receive) on remaining slots except the fixed type of slots and the RRC configured slots without a help of ‘Unknown’ by semi-static configuration. 

Observation: It is beneficial to consider slot formats indicated by RRC.

Dynamic slots

All slots except fixed slots (or RRC configured slots) can be dynamically utilized as flexible slots which can be a slot with a slot format of any DL/UL direction. Slot formats for the dynamic slots can be indicated by group common or UE-specific L1 signaling. In case that a network does not schedule/configure any data/signals to NR UEs on dynamic slots, the dynamic slots can be utilized for any purposes (e.g., multiplexing of other services, forward compatibility) by the network implementation. 
One FFS issue from the agreement in RAN1#88b is about UE behaviors if there is a conflict between dynamic and semi-static signaling. If dynamic signaling indicates a different slot format from a certain slot configured by higher layer signaling, three options can be considered. First is a NR UE ignores the dynamic signaling and the slot format by higher layer signaling is still maintained. Second, a NR UE regards the slot format by dynamic signaling is applied at that instant and after that time, the slot format is recovered depending on the higher layer signaling. Third is a NR UE regards the slot format is changed by dynamic signaling and the changed slot format is maintained.
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Figure 1: An example of NR TDD operation.
Proposal: Support both cell-specific and UE-specific RRC signaling to indicate slot formats for NR TDD operation.

3 Conclusions 

This contribution discussed NR TDD operations depending on the agreements and then proposed the following:
Observation: It is beneficial to consider slot formats indicated by RRC.

Proposal: Support both cell-specific and UE-specific RRC signaling to indicate slot formats for NR TDD operation.
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