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1 Introduction

In RAN1#86, the following were agreed: 

Agreements:
· A slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part}

· FFS regarding the number of switching points, multiplexing of different use cases (e.g., multiplexing eMBB and URLLC use cases) and/or numerologies in the time domain
Agreements:
· Followings are considered as starting points of NR frame structure at least within the CP overhead 
· Subframe

· Already agreed upon

· Assume x=14 in the reference numerology for subframe definition (for normal CP)

· FFS: y=x and/or y=x/2 and/or y is signalled
· Slot

· Slot of duration y OFDM symbols in the numerology used for transmission

· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)

· The structure allows for ctrl at the beginning only
· The structure allows for ctrl at the end only
· The structure allows for ctrl at the end and at the beginning
· Other structure is not precluded

· One possible scheduling unit

· Mini-slot

· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission

· May contain ctrl at the beginning and/or ctrl at the end

· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)

· Note: the names are for the purpose of discussion. Whether some terms can be merged or not is FFS
· FFS whether NR frame structure needs to support both slot and mini-slot or these can be merged
When considering a variable slot structure that can include variable durations of DL and UL transmissions and one or more gap intervals that can be signaled or predetermined, it is necessary to inform at least scheduled UEs of the slot structure in a transmission time slot. 

This contribution considers aspects related to the indication of the slot structure in DL/GP/UL periods and coexistence aspects for NR TDD cells and LTE TDD cells.
2 Dynamic Slot Structure
LTE supports full DL subframes, full UL subframes, and special subframes. A special subframe can have one of 10 possible configurations that include a variable DwPTS length and a variable UpPTS length. The special subframe configuration is signaled by UE-common RRC signaling. In Rel-14, transmissions of essentially all channels and signals, except for PUCCH, are supported in a special subframe.  

NR supports full DL transmission slots, full UL transmission slots, and ‘hybrid’ transmission slots. The structure of a ‘hybrid’ transmission slot is similar to the one of a special subframe (PUCCH can also be supported and there may be more than one GPs). A main enhancement is the adaptation rate of the transmission slot structure that can be dynamic (also referred to as ‘dynamic TDD’). Assuming that a network does not support simultaneous Tx/Rx on a same carrier, the extension of the LTE operation in NR is for UE-common dynamic signaling to indicate the transmission slot structure. The alternative is for the signaling to be UE-specific.  
Comparing the two alternatives, UE-common control signaling is preferred due to the following reasons:
a) Possible reduction in signaling overhead as the information for the transmission slot structure does not need to be replicated in every DL/UL DCI format.

b) Ability to include additional information in the UE-common control signaling such as CFI [1], unavailability of future time resources (e.g. when used for UL transmissions or for other verticals) for power savings [2], availability of UL RBs without eMBB traffic for URLLC transmissions [3], etc.

One perceived disadvantage of UE-common control signaling is the dependence of correct scheduling on the correct detection of the UE-common control signaling. However, similar to other cases for use of UE-common control signaling to indicate a transmission structure, such as in LAA, this is not a concern as the respective DCI format size can be smaller than the DL/UL DCI format size. Moreover, for the case of the transmission slot structure in NR, any issue is practically non-existent as the transmission slot of the UE-common DCI format and DL/UL DCI formats is the same and when a UE fails to detect one it is also highly likely that the UE fails to detect the other (this is also the reason why a DAI field is not included in UL DCI formats in LTE FDD). 
Proposal 1: A UE-common DCI format transmitted in a transmission slot indicates the transmission slot structure.

Regardless of whether a transmission slot structure is indicated by a UE-common DCI format or by each UE-specific DCI format, the possible structures need to be predetermined for the mapping. Possible structures can depend on several multiplexing possibilities such as 
a) Whether or not DL data and UL data transmissions can be supported in the same transmission slot which can in turn depend on the number of slot symbols. This is currently FFS. For example, for sub-carrier spacing of 15 KHz and 14 symbols per slot, a transmission slot is as an LTE subframe and both DL data and UL data transmissions can be TDM as for a special subframe in Rel-14 while this is not very meaningful for 7 symbols per slot. 
b) Whether PUCCH is multiplexed in some symbols.

c) Whether SRS is TDM or FDM with other channels.

Nevertheless, even though the possible transmission slot structures can be determined pending several other decisions, it can be reasonably expected that, for none or only one DL-to-UL switch point per transmission slot, a maximum number of transmission slot structures can be limited to 8 or less, including the full DL transmission slot and the full UL transmission slot, in case of 14 symbols per transmission slot and possibly to 4 or less in case of 7 symbols per transmission slot. Therefore, 2-3 bits are expected to suffice for indicating a transmission slot structure.
Observation 1: Several design decisions are needed to determine the set of possible slot structures but a number of 2-3 bits to indicate a slot structure from the set of slot structures is expected to suffice. 

3 Coexistence Aspects for Dynamic Slot Structure
In LTE, coexistence for TDD cells is straightforward as an UL/DL configuration can be same for groups of cells with non-negligible eNB-to-eNB interference. This issue was also considered in LTE eIMTA and subframe sets and inter-eNB coordination through backhaul signaling were introduced to combat cross-link interference. The same can apply in NR at least for macro-cell operation or when coexistence between NR cells and legacy LTE TDD cells is necessary.

For small cell operation, coexistence among NR cells and adaptation on a transmission slot basis, gNB-to-gNB interference cancellation can be performed at a reception point using NOMA principles when the received power of DL transmissions is materially larger than the received power of UL transmissions. This assumes use of same OFDM-based waveform (and numerology) in DL and UL and that the TRP receiver knows the scheduling information associated with DL transmissions in neighboring TRPs during the transmission slot. This can be possible in case of a centralized scheduler or when the backhaul latency is not material compared to the overall processing latency. To enable reliable detection of the weaker signal or of precoded DL transmissions, orthogonal DL/UL DMRS multiplexing is needed in order to enable NOMA at a gNB. Regardless of the DMRS design in NR, e.g. whether a LTE-based DL DMRS design is also used for UL DMRS or whether a LTE-based UL DMRS design is also used for DL DMRS, it is required that respective transmission slot symbols are same. This is not possible for control signaling, particularly for interference between UL control and DL data. Network-specific solutions can then be considered where, assuming flexible UCI timing, UCI can be transmitted while experiencing UL interference (not necessarily only from other UCI). 
Observation 2: NOMA-based schemes and orthogonal DL/UL DMRS multiplexing can be used to cancel eNB-to-eNB interference when a transmission slot structure is independently adapted by TRPs. 
Proposal 2: NR shall enable orthogonal multiplexing of DMRS from different links. 

In case of noise limited operation, as it is typically the case for above 6 GHz, there is fundamentally no relevance to whether or not transmissions in a network are coordinated by a same scheduling entity; a fully dynamic transmission slot structure can apply without additional specification support. In case of interference limited operation, as it is typically the case for below 6 GHz, and when transmissions in a network are not coordinated by a same scheduling entity, there are two design choices.
The first choice is to semi-statically partition, through a backhaul link, the link direction of transmission slots over a number of subframes so that cross-link interference is avoided. For example, for eMBB, this essentially defines UL/DL configurations as in LTE Rel-8 TDD. Possible partitions for the link direction of transmission slots over a number of subframes can be left to network implementation.
The second choice is to dynamically allow adaptation of the link direction in a transmission slot for each TRP (or group of TRPs). It is then necessary to define additional gaps in a transmission slot for carrier/channel sensing and also define link prioritizations where transmission on a link is suspended when transmission on another link with higher priority is detected. This has similarities to operation on unlicensed spectrum. However, coordination among TRPs is still required for applied numerologies and for ensuring that transmissions of certain signaling types, such as synchronization signals and system information in case of stand-alone operation, and DL control and UL control signaling are not subject to channel sensing (unless such signals were to also be transmitted as in unlicensed spectrum but it is always detrimental to operate a licensed spectrum as an unlicensed one). Therefore, it needs to be evaluated whether or not dynamic uncoordinated adaptation of a transmission slot structure offsets the spectral efficiency loss due to the introduction of additional gaps per transmission slot and due to the suspension of transmissions in certain link direction(s).   

Proposal 3: TRP coordination through a backhaul link shall be supported for partitioning link directions of transmission slots over a number of subframes.
Proposal 4: Further consider dynamic uncoordinated adaptation, from a network perspective, of link directions per transmission slot subject to applicable deployment scenarios and resulting spectral efficiency relative to a semi-static partitioning of link directions per transmission slot.

4 Conclusions

This contribution considered aspects for dynamic adaptation of a transmission slot structure. In particular, the following are proposed. 
Proposal 1: A UE-common DCI format transmitted in a transmission slot indicates the transmission slot structure.

Proposal 2: NR shall enable orthogonal multiplexing of DMRS from different links. 

Proposal 3: TRP coordination through a backhaul link shall be supported for partitioning link directions of transmission slots over a number of subframes.
Proposal 4: Further consider dynamic uncoordinated adaptation, from a network perspective, of link directions per transmission slot subject to applicable deployment scenarios and resulting spectral efficiency relative to a semi-static partitioning of link directions per transmission slot.
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