
3GPP TSG RAN WG1 #87
        

             R1-1612565
Reno, USA, November 14 – 18, 2016
Agenda item:
7.1.6.2
Source: 
Samsung 

Title: 



    Signaling of Slot Structure  
Document for:
Discussion and Decision
1 Introduction

In RAN1#86bis, the following agreement and conclusions were reached regarding interference managements for flexible duplex operation: 

Agreements:
· Strive for a common framework for cross-link interference mitigation schemes for both paired and unpaired spectra

Conclusion:

· Continue study considering some or all of the following aspects:

· Deployment scenarios/bands, same-/cross-operator considerations

· Resource assignments and rate adaptations

· Frame structure and HARQ/scheduling timing

· Measurements for cross-link interference management

· Signalling (e.g., OTA, backhaul, UE capability, etc.)

· Cross-link interference management (IC/IS, power control, etc.)

· Centralized vs. distributed interference/resource management

· Beamforming/MIMO

· Duplex modes (e.g., FDD/TDD, FDM/TDM, etc.)

· Latency reduction

· Whether or not LTE interference/resource management can be used as a starting point (as applicable)

· Sensing

· RS design

· Advanced receiver

· Timing alignment between DL and UL 
This contribution considers aspects related to the network coordination for dynamic TDD operation, on the indication of the slot structure in DL/GP/UL periods and coexistence aspects for NR TDD cells and LTE TDD cells.
2 Dynamic TDD Operation in NR
TDD, or in general, flexible duplex operation is associated with some benefits such as exploiting UL/DL channel reciprocity for beam-forming and avoiding the need for a duplexer at the UE. Dynamic TDD operation, where a slot structure (full DL, full UL, hybrid) can dynamically change enables a network to adapt the BW utilization to the offered traffic and can therefore be beneficial for realistic deployments with non-full buffer traffic particularly for small cell operation. 

LTE supports dynamic TDD through eIMTA. A constraint is that an adapted UL/DL configuration needs to be one of the seven UL/DL configurations defined in LTE. In practice, as the UL-reference UL/DL configuration needs to be same as for legacy (prior to Rel-12) UEs, the adapted configuration is further limited by the UL-reference UL/DL and the DL-reference UL/DL configuration. In NR, due to the absence of backward compatibility considerations but also due to the introduction of flexible HARQ-ACK timing, constraints on the adaptability of the slot structure do not exist. The usual exception applies for having some predetermined (by specification and/or system information) DL slots to provide sync/broadcast/measurement functionalities and some predetermined UL slots to provide RACH transmission opportunities and possibly for UCI transmissions. 
LTE TDD and NR are functionally equivalent in the respective subframe/slot structures (full DL, full UL, “special” or “hybrid”). For the special subframes or the hybrid slots, the length of DL transmissions, the GP, and the length of UL transmissions is fairly flexible (although special subframes are DL-dominant and semi-statically partitioned among DwPTS, GP, and UpPTS). 
Dynamic TDD in NR can be considered with and without network coordination through a backhaul link. Network coordination through backhaul signaling was extensively considered in eIMTA although a rather conservative signaling was eventually adopted through the support of only long-term information exchange (subframe-set dependent overload indicator). Dynamic backhaul signaling for coordinated scheduling, for example through exchange of buffer status information or preferred allocations, and dynamic exchange of interference measurements can be reconsidered for NR to enable fully dynamic adaptation of a slot structure. Deployment scenarios for dynamic TDD without network coordination may include, for example, spectrum sharing by different operators. 
In general, dynamic TDD operation without network coordination will have to rely on sophisticated interference cancellation receivers (if practically possible for UE-UE interference) at least for carrier frequencies below 6 GHz, or on transmission gaps for spectrum sensing and establishment for different link prioritizations [1]. Such operational requirements are typically less robust, more complex, and less spectrally efficient than the ones afforded by network coordination. 
Proposal 1: TRP coordination through a backhaul link shall be supported for determining slot structure over a number of NR subframes.
Proposal 2: Define short-term and long-terms metrics to be exchanged over the backhaul to enable network coordination for dynamic TDD operation.

The optimum adaptation rate for a slot structure also depends on the cell traffic. For a macro-cell serving many UEs, the ratio of DL traffic to UL traffic does not significantly vary over a few seconds and a semi-static UL/DL configuration is sufficient. For small-cell serving very few UEs, the ratio of DL traffic to UL traffic has larger variations than in a macro-cell but for small cell deployments and FTP traffic considered in LTE, all throughput gains were essentially obtained, even for isolated cell deployments, for adaptation rates of 10-40 msec of an UL/DL configuration. Following this trend, it is conceivable that there can be scenarios where a slot-based adaptation can provide additional throughput gains although the magnitude of such gains and the associated deployment scenarios are not yet clear. However, the requirement for GP overhead is expected to bound additional throughput gains, if any.    
For sub-6 GHz deployments, dynamic TDD for NR will often need to coexist with LTE. When LTE TDD cells apply a semi-static TDD UL/DL configuration, NR TDD cells will also need to apply a semi-static TDD UL/DL configuration as the direction of a slot on a NR cell is determined by the direction of a subframe on a LTE cell and there is no point to subject a NR UE to additional power consumption or increased probability of false-positives for decoding of DL control channels in slots where the UE will not be scheduled. When LTE TDD cells apply eIMTA, NR cells will also need to accordingly adapt the slot structure to avoid cross-link interference. In that sense, in some deployment scenarios, some backward compatibility-like restrictions need to apply on the NR operation. Similar functionalities are expected when NR cells coexist only with other NR cells.
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) Reduction in signaling overhead as the information for the slot structure does not need to be replicated in every DCI format.

b) Reduction in UE power consumption and reduced probability of false-positives decoding of DL control channels as one or more following UL slots can be indicated.
c) Additional functionalities as described in [2]
Proposal 3: A UE-common DCI format indicates a slot structure and whether one or more next slots are UL slots. 
3 Conclusions

This contribution considered aspects for dynamic adaptation of a slot structure based on network coordination. In particular, the following are proposed. 
Proposal 1: TRP coordination through a backhaul link shall be supported for determining slot structure over a number of NR subframes.
Proposal 2: Define short-term and long-terms metrics to be exchanged over the backhaul to enable network coordination for dynamic TDD operation.

Proposal 3: A UE-common DCI format indicates a slot structure and whether one or more next slots are UL slots. 
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