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1. Introduction
In RAN1#85, the followings were agreed regarding forward compatibility. 
Agreements:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported

· FDM and/or TDM multiplexing can be considered
Agreements:
· Timing between data transmission and corresponding HARQ A/N is indicated explicitly
· FFS if implicit indication is supported in some cases
· Essential system information (MIB) should be decodable based on an identity parameter used for generation of search/synchronization signal (e.g. PSS/SSS)
· Name of identity parameter TBD (e.g. cell ID, hypercell ID, system ID)
· Other dependencies to this identity parameter are FFS
Agreements:
· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study
· multiple frequency/time portions using different numerologies share a synchronization signal

· Note: The synchronization signal refers to the signal itself and the time-frequency resource used to transmit the synchronization signal

Agreements:
· NR should support of flexible NW and UE channel bandwidth

· FFS: NR carrier bandwidth should consider to allow efficient unlicensed spectrum access
· The NR physical-layer design should allow for fine granularity in terms of NR carrier bandwidth 

· The NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth

· FFS: minimum bandwidth
· FFS: There should not be an assumption that devices necessarily support the same set of bandwidths for transmission and reception
· FFS: There should not be an assumption that the network carrier bandwidth is necessarily the same for downlink and uplink

In this contribution, we further discuss other design considerations to support forward compatibility. More specifically, it discusses further on multiplexing of resources for different services with possibly different numerologies, supporting different UE capabilities, relationship between TRP and cell association, and consideration for full duplex support. 
2. Discussion

2.1. Supporting FDM/TDM between different services
In LTE, both FDM and TDM are supported for different services/numerologies, for example, NB-IoT inband operation works in a FDM manner, and MBMS works in a TDM manner with other data service. Though TDM can offer simpler multiplexing between different services, there are cases where TDM may not be easily doable. For example, for multiplexing of MBMS and eMBB where MBMS is operating with very long CP or very different numerology from eMBB, TDM mechanism may require relatively long service interruption on eMBB. Another example is multiplexing of very low latency application requiring high data rate with eMBB. Thus, FDM should be supported for allowing multiplexing of future services. At the same time, TDM approach also offers benefits in certain cases, e.g., between small CP MBMS and eMBB, TDM should be also supported. 
Proposal 1: Both TDM/FDM multiplexing of different services/numerologies should be supported in NR.  

To support FDM efficiently, flexibility of system bandwidth supported by a carrier is important. As agreed in the last meeting, both network and UE can support different system bandwidth with FFS on minimum bandwidth. To determine minimum system bandwidth, which then can define mapping of basic initial synchronization signal and necessary system information signal, efficiency and flexibility should be considered. For example, in below 6 GHz where analog beamforming may not be dominant, minimum system bandwidth can be sufficiently large to accommodate PSS/SSS in one OFDM symbol to minimize “fixed” downlink portions. For that, we consider about 300 subcarriers would be sufficient. A similar size can be also considerable for the carrier in the above 6 GHz. 
Proposal 2: Minimum system bandwidth size can be about 300 subcarriers.
To allow FDM, it is possible that system bandwidth based on one numerology can be smaller than the bandwidth of a band. In a FDM case, we consider that different frequency region with different numerology can share the same synchronization signal where the system bandwidth can be different from a UE perspective depending whether a UE supports one or multiple different services/numerologies. For example, in Figure 1, a UE supporting only eMBB can see the bandwidth BW1, and a UE supporting both services would see the total bandwidth of BW0. When synchronization signals are shared between two subbands, the location of synchronization signals would not be in the center of system bandwidth. Furthermore, restriction of center frequency for synchronization could limit the flexibility of system bandwidth of a carrier considering alignment of center frequency with channel raster. In this sense, the synchronization is not necessary placed in the center of a carrier.  
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Figure 1. FDM example between eMBB and URLLC
Proposal 3: Location of initial synchronization signals is flexible within a carrier. 
Another issue on FDM of subbands with different numerologies is the handling of DC tone. Similar to LTE, a NULL DC tone can be placed at the center of a subband. However, if subband size changes dynamically or TDM between different numerologies are considered, handling of NULL DC tone becomes a bit challenging. In that sense, handling DC issue without explicit NULL DC tone which is not counted for resource element may need to be reconsidered in NR design. 

Proposal 4: Further considerations on DC handling are necessary in NR design. Avoid fixing explicit NULL DC tone which is not accounted for resource element. 
2.2. Handling different BW supporting UEs
As agreed, there could be different UE capabilities in terms of supporting system bandwidth. The minimum bandwidth at least needs to be larger than bandwidth requiring for supporting any initial signal (assuming a UE can tune the frequency in different time to acquire other signals sequentially). When there are UEs with different bandwidth capabilities, design of common control channel and resource block assignment should consider variable UE bandwidth. For example, in terms of common control channel transmission, at least common control channel transmission over UE minimum system bandwidth needs to be supported (either via one symbol or via multiple symbols). Also, in terms of control/data transmission, UE-specific system bandwidth needs to be considered for resource allocation, data mapping/scrambling, etc. 

Proposal 5: Minimum bandwidth supportable by a UE needs to be specified. 

Proposal 6: UE-specific system bandwidth needs to be considered in control/data channels and RS design.  

2.3. Beam and cell switching
When analog beam is used, the procedure of beam switching which can be assumed a beam as a transmission point is considered. In case analog beam is not assumed, it may be considered that there is only one beam supported by a cell. In terms of network architecture, one cell can consist of one or more TRPs. Also, it is possible that the set of TRPs forming a cell can change dynamically (e.g., UE-centric cell formation). From a UE perspective, there could be two visible entities: beam and cell. The change of a beam can be done at layer 1/2 without involving higher layer, which would not require RRC reestablishment procedure. The change of a cell can be done at RRC equivalent level which requires RRC reestablishment like procedure. Depending on the deployment scenario, one or more TRPs can form a beam. From a UE perspective, whether there is change of TRP or not may not be visible. 
The cell ID will be used in initial synchronization signals which will provide coarse frequency/time synchronization, and cell ID. RRM measurement and following procedures after initial synchronization signal detection, it can be based on beam ID where change of beam (which could be change of a TRP) can be done via beam switching procedure at layer 1/2. 
Proposal 7: Flexible architecture options are supported. From a UE perspective, beam (i.e., transmission point) switching and cell switching can be done differently. 

2.4. Inband Full duplex support
Full duplex capabilities are important to address higher data rate, simultaneous downlink and uplink support to handle low latency traffic, efficient resource utilization, etc. In frame structure design, the design should be flexible to allow employing inband full duplex capabilities in the later phase. NR design should allow possibilities that non-inband full duplex capable UEs can be associated with full-duplex capable UEs (and vice versa). Thus, creating a totally new frame structure for inband full duplex capability is not desirable which will not provide backward compatibility. To support full duplex capabilities in later phase, a common structure between DL and UL is desirable including handling of DC. Also, frame structure should allow DL-UL overlap portions in the same time/frequency resource. One approach to enable this is to define a subframe type by an overlaid subframe of two subframes: DL burst and UL burst subframe as mentioned in our companion contribution [1]. 
Proposal 8: Flexible frame structure design to allow overlapped DL-UL resource in the same time/frequency region should be supported. 

3. Conclusions

This contribution proposed the followings:
Proposal 1: Both TDM/FDM multiplexing of different services/numerologies should be supported in NR.  
Proposal 2: Minimum system bandwidth size can be about 300 subcarriers.
Proposal 3: Location of initial synchronization signals is flexible within a carrier. 
Proposal 4: Further considerations on DC handling are necessary in NR design. Avoid fixing explicit NULL DC tone which is not accounted for resource element.
Proposal 5: Minimum bandwidth supportable by a UE needs to be specified. 

Proposal 6: UE-specific system bandwidth needs to be considered in control/data channels and RS design.  

Proposal 7: Flexible architecture options are supported. From a UE perspective, beam (i.e., transmission point) switching and cell switching can be done differently.
Proposal 8: Flexible frame structure design to allow overlapped DL-UL resource in the same time/frequency region should be supported. 
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