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1 Introduction
In RAN1#87, the following agreements were reached [1]:
Agreements:
· 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 

· FFS control signaling details (e.g. UE or cell-specific, applicable for cross and/or same-slot scheduling, switching between dynamic and semi-static operation, etc.) 

· FFS adaptation at the level of a mini-slot 

· Other aspects, if any, are not excluded 

· Note: the applicability of the above bullets in terms of spectra is a separate discussion

In RAN1 NR Ad-Hoc meeting, the following agreements were reached [2]:

Agreements:
· NR supports a ‘group common PDCCH’ carrying information of e.g. the slot structure. 

· If the UE does not receive the ‘group common PDCCH’ the UE should be able to receive at least PDCCH in a slot, at least if the gNB did not transmit the ‘group common PDCCH’.

· The network will inform through RRC signalling the UE whether to decode the ‘group common PDCCH’ or not

· Common does not necessarily imply common per cell.

· Continue the discussion on the detailed content of the ‘group common PDCCH’ including usage for TDD and FDD

· The term ‘group common PDCCH’ refers to a channel (either a PDCCH or a separately designed channel) that carries information intended for the group of UEs.

In this paper, we discuss the dynamic TDD slot structure.  
2 Discussion
Generally, there are mainly the following slot types to be supported for NR:
· DL only slot

· UL only slot

· Bi-directional slot
· Guard only slot
In a bi-directional slot, both DL and UL can be transmitted with a switching gap in between. For eMBB, there should be only one DL/UL switching within a bi-directional slot. For URLLC, one or more DL/UL switching within a slot may be considered depending on the slot length and the latency target. In a bi-directional slot, flexible DL/GP/UL partition should be specified to allow a dynamic adaptation to multiple factors, such as DL/UL traffic amount and their latency requirements, UL coverage, strength of cross-link interference, etc. In addition, according to the agreement in RAN1 NR Ad-hoc, NR should support efficient adjacent channel co-existence with all LTE-TDD special subframe configurations, which also requires flexible DL/GP/UL partitioning for NR bi-direction slots. A NR frame is therefore a combination of the above slot types.

Proposal 1: At least the following slot types should be supported for NR TDD (DL only slot, UL only slot, Bi-directional slot).
Proposal 2: In a bi-directional slot, flexible DL/GP/UL partition should be specified. 
It has been agreed that a ‘group common PDCCH’ can be used to indicate the slot structure. Considering the DRX operation, a UE should not be required to monitor the “group common PDCCH” during the DRX OFF duration. Therefore, in the 1st slot that UE wakes up, the slot structure indication may not be available. A UE should detect the ‘group common PDCCH’ at the transmission opportunity of the ‘group common PDCCH’ when the UE is configured by gNB to detect the ‘group common PDCCH’. If the UE did not receive the ‘group common PDCCH’ applicable to a slot, potentially due to DRX, or miss detection or eNB did not transmit the common PDCH, the UE should still detect PDCCH in the slot in order to obtain the DL and UL grants.
Proposal 3: A UE is not required to detect the ‘group common PDCCH’ within the DRX OFF period.

Proposal 4: A UE should detect PDCCH in a slot when the ‘group common PDCCH’ applicable to that slot is not detected. 
Generally, the ‘group common PDCCH’ can be transmitted in the front of each slot, i.e. in the DL control region. Taking per-slot indication as example, there could different ways to signal the dynamic DL/UL reconfiguration through the ‘group common PDCCH’, as follows:
· Option 1: A ‘group common PDCCH’ is used to indicate the dynamic DL/UL reconfiguration of current slot, as shown in Figure 1
· Option 2: A ‘group common PDCCH’ is used to indicate the dynamic DL/UL reconfiguration of next slot, as shown in Figure 2
· Option 3: A ‘group common PDCCH’ is used to the dynamic DL reconfiguration of current slot, and a ‘group common PDCCH’ is used to indicate the dynamic UL reconfiguration of next slot, as shown in Figure 3
For Option 1, the UE could not identify a UL only slot since no ‘group common PDCCH’ can be transmitted in the front of a UL only slot, thus UL grant free transmission cannot be applied to such UL only slot. For the grant-based UL transmission (non-self contained case), the UE can be indicated in the UL grant the UL duration of the scheduled slot, in order to prepare the UL data rate-matching for a full UL slot or a bi-directional slot. From the UE perspective, it should be discussed whether indication of slot structure in current slot can provide enough time for UE processing, e.g. DL channel/interference measurement or UL data preparation. 
For Option 2, the UE is informed about the structure of future slots, so that more processing time is available at the UE, UE is able to prepare for the UL data transmission according to the indicated slot structure. Therefore there is no issue with both grant free and grant-based UL transmission and UL only slot. However, in the initial slot in which a UE just wakes up from DRX, UL grant free transmission cannot be applied since UE does not know the structure of current slot. For DL transmission, UE should monitoring PDCCH for DL grants in the front of the slot, however, since the slot structure indication is not available due to DRX, the duration of DL part is not known therefore UE would have problem with decoding PDSCH correctly, unless there is duplicated indication of DL duration is also provided by DL grant.  
Option 3 is a trade-off of option 1 and option 2 which can make sure both DL and UL transmission are applicable in the initial slot in which a UE just wakes up from DRX. The separate indication for DL and UL can be transmitted in the same ‘group common PDCCH’ with separate fields.
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Figure 1:  L1 configuration information indicates the current slot structure
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Figure 2: L1 configuration information indicates the next slot structure
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Figure 3: Separate indication of DL and UL

A further discussion points are the periodicity and validation window for the ‘group common PDCCH’. It is proposed that periodicity of explicit slot structure indication can be configured by the network, based on the traffic conditions, interference management schemes, etc. The signaled slot structure applies to the slots within the signaling periodicity.   
Proposal 5: For a given slot, separate indication of DL and UL region could be considered for ‘group common PDCCH’, where the DL region is indicated in the current slot and UL region is indicated in previous slot. 
Proposal 6: The periodicity of the ‘group common PDCCH’ should be configurable by the network. 
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: At least the following slot types should be supported for NR TDD (DL only slot, UL only slot, Bi-directional slot).

Proposal 2: In a bi-directional slot, flexible DL/GP/UL partition should be specified. 

Proposal 3: A UE is not required to detect the ‘group common PDCCH’ within the DRX OFF period.

Proposal 4: A UE should detect PDCCH in a slot when the ‘group common PDCCH’ applicable to that slot is not detected. 
Proposal 5: For a given slot, separate indication of DL and UL region could be considered for ‘group common PDCCH’, where the DL region is indicated in the current slot and UL region is indicated in previous slot. 
Proposal 6: The periodicity of the ‘group common PDCCH’ should be configurable by the network. 
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