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[bookmark: _GoBack]
Discussion
Our views on different aspect related to forward compatibilities are described below.

The general relation among use cases
As also recognized in [1][2][3], NR should support following three usage scenarios.
- Enhanced mobile broadband (eMBB)
- Massive machine-type-communications (eMTC)
- Ultra-reliable and low latency communications (URLLC)
The different usage scenarios would have different requirements on different KPIs (key performance indicator). Therefore, we proposed to use sub-RAT concept in [4]. In LTE framework, MBMS, D2D, eMTC and inband NB-IoT can be seen as sub-RATs. Certain time/frequency resources are used for certain specific service usage and certain degree of independent operation is categorized as sub-RATs (note that the amount of dependency is different among sub-RATs). Within one framework, sub-RATs for eMBB, eMTC, and URLLC can be specified. These sub-RATs may use different numerologies/parameters. In addition, depending on the new use case, or new waveform requirement, new sub-RAT can be defined in future in the same band. 

Although it could be possible to introduce collided/overlapped usage of time/frequency resource among sub-RATs, the basic principle should be no overlap of time/frequency resources among sub-RATs. To keep such orthogonality among sub-RATs would ensure more flexibility on the future introduction of sub-RAT. On the other hand, by accepting the degradation, to have some overlap among sub-RATs may have benefits. Such handling can be discussed case by case.
We think basically new waveform also can be introduced in future as far as the time/frequency resource usage is within limited resources. 
In order to allow such future introduction of new waveform or different sub-RAT usage, the emission (interference) to other-than-used resources should be minimized.
Proposal 1: Different usage scenarios are realized by sub-RATs, where certain amount of independency is achieved among sub-RATs.
Proposal 2: The system is designed as to allow different sub-RATs to use different time/frequency resource. Overlapping among sub-RATs is subject to case-by-case discussion.
Proposal 3: The system is designed to allow the introduction of new waveform in different time/frequency resource usage.
Proposal 4: The system is designed to reduce the inter-sub-RAT interference (emission).

Synchronization signals like PSS/SSS
In LTE framework, D2D and NB-IoT use new/dedicated synchronization signals and the other sub-RATs use the same PSS/SSS. For NR, we envisage the similar handling. Some cases require sub-RAT specific synchronization signals and in other cases sub-RAT common synchronization signalling is sufficient.
When sub-RAT is operated synchronously with the other carrier like carrier aggregation, additional synchronization signal could be unnecessary although some frequency synchronization aspect needs to be taken into account.
Proposal 5: The need of sub-RAT specific synchronization signals is subject to case-by-case discussion.

Reference signals like CRS and DMRS
Reference signals would be used for demodulation, frequency/time tracking and CSI estimation and so on.
In the case of smaller number of UEs in a cell and each UE has large data, DMRS like operation can be more efficient as it allows more optimized reference signal transmission and UE reception process could be more transparent for more elaborated MIMO schemes. This could be more suitable for eMBB use case of small cells. When DMRS based operation is used, CSI-RS like reference signal is also required for CSI measurement.
In the case of larger number of UEs in a cell and each UE has smaller data, CRS like operation can be more efficient as to have DMRS for each small amount of data increases DMRS overhead. In addition, the demodulation in extremely poor coverage condition for stationary UEs can benefit from obtaining channel estimation from non-assigned previous subframes. Here we assume DMRS is available only when data is available. Therefore, this could be more useful for eMTC use case.
For URLLC, it is not so clear CRS is more suitable or DMRS is more suitable. If URLLC includes D2D operation like V2X, the reference signal would be DMRS.
In general, constant periodic transmission like CRS has negative effect on the network power consumption. So some mechanisms to enable/disable periodic transmission of reference signals would be useful.
Proposal 6: The use of CRS or DMRS depends on use cases and could be different among sub-RATs.

PBCH/MIB like very initial common channels
PBCH/MIB like very initial common channels consumes constant resources. Therefore, to minimize this is important. On the other hand, very infrequent transmission of such signal could mean slow detection of the cell. Therefore, right balance needs to be taken into account.
PBCH/MIB like very initial common channels could be sub-RAT specific or sub-RAT common. This should be discussed case by case.
Proposal 7: PBCH/MIB like very initial common channels should be minimized but cell detection latency should also be taken into account.
Proposal 8: The need of sub-RAT specific PBCH/MIB like very initial common channels is subject to case by case discussion.

SIBs (system information blocks)
In the case of smaller number of UEs, constant SIBs transmission can cause an overhead issue. Therefore, some minimum information related to random access procedures are only sent as broadcast and the remaining SIBs are request based, which is one method to minimize SIB overhead. This may be more suitable for eMBB usage of small cells. On the other hand, in case that a large number of UEs are frequently coming in and going out, constant periodic transmission of  SIBs would be more efficient. This may be more suitable for eMTC usage.
In general, constant transmission of SIBs has negative effect on the network power consumption.
Proposal 9: On demand SIBs transmission or constant periodic SIBs transmission depends on the frequency of incoming UEs. Depending on the use cases, both may be required and it is sub-RAT specific.

DL control channels 
Unicast control signal like PDCCH/EPDCCH/MPDCCH with C-RNTI can be enhanced in future based on the future discussion. Therefore, we don't have so much concern on the forward compatibility aspect on these channels.
Common control signal like PCFICH, PDCCH with cell/group common RNTI is more difficult to modify/enhance later. Similar to PCIFICH or eIMTA L1 signalling, the time frequency resource usage of control region and/or DL/UL usage could be dynamically modified. This type of the signalling also may be used for the partition differentiation among sub-RATs.
Proposal 10: Cell common L1 control signalling needs careful design for forward compatibility.

DL and DL data channels,
We are rather optimistic on the future forward compatibility of unicast data. Similar to LTE has evolved, we envisage DL/UL unicast channel could be enhanced in future as the resource assignment is per UE.

UL control channels
In LTE framework, PUCCH resource position is determined by CCE index, which is cell common. To rely on cell common index can introduce the difficulty on the enhancement in the future as the resource usage of UL control channels is also in a cell-common manner and hence difficult to have more spatial reuse. Trying to avoid cell common index would be preferable.

Sidelink channels
In NR, sidelink aspect (e.g., D2D and V2V) should be taken into account from the beginning as future compatibility aspect. The outcome of V2X study/work item (including V2V) for LTE should be taken into account from the beginning. The behaviour of in-coverage and out-of-coverage needs some discussion.

Tim/frequency sharing aspect among sub-RATs and receiver/transmitter RF component
Even if time/frequency resource is reserved for future usage, when the PSD is significantly higher or lower than the other part of the transmission or reception, sharing receiver or transmitter of RF component is very difficult. Therefore, from dynamic range perspective, there are some limitations on the flexibility especially FDM of multiple sub-RATs. TDM has less concern on this aspect but it could mean the whole bandwidth needs to be switched and it could be inefficient for large system bandwidth. Therefore, it is worth to study filter based waveform technologies like what we analysed in [5]. 
Proposal 11: Signal dynamic range should be taken into account for the possibility of future compatibility in terms of multiplexing of multiple sub-RATs. 

Time/frequency sharing aspect among DL, UL and sidelink (related to flexible duplex and full duplex)
The dynamic range aspect of the receiver/transmitter is also applied to the flexibility of the usage of DL, UL and sidelink.  When DL, UL and sidelink are FDMed, certain amount of frequency separation or some mechanisms are required in order not to demand for too high dynamic range due to non-intended frequency part of the emission. TDM of DL, UL and sidelink has less issue on this aspect but it could mean more inefficient usage on resource utilization in case of large system bandwidth. To avoid such inefficiency, smaller subframe   length and/or self-contained UL/DL i.e. smaller time granularity of the switching is attractive feature. 
Proposal 12: Signal dynamic range should be taken into account for the flexibility on DL, UL and sidelink duplex.

Time/frequency sharing aspect among operators
Similar to LAA, when one carrier is shared among operators, the eNB location can be very different among operators. In addition, DL/UL/sidelink usage may be also not aligned. In such condition, signal dynamic range is also one of the issues.
Proposal 13: Signal dynamic range should be taken into account for sharing frequencies among operators.


Conclusion
This document described our views on the forward compatibility aspect. 
Proposal 1: Different usage scenarios are realized by sub-RATs, where certain amount of independency is achieved among sub-RATs.
Proposal 2: The system is designed as to allow different sub-RATs to use different time/frequency resource. Overlapping among sub-RATs is subject to case-by-case discussion.
Proposal 3: The system is designed to allow the introduction of new waveform in different time/frequency resource usage.
Proposal 4: The system is designed to reduce the inter-sub-RAT interference (emission).
Proposal 5: The need of sub-RAT specific synchronization signals are subject to case-by-case discussion.
Proposal 6: The use of CRS or DMRS depends on use cases and could be different among sub-RATs.
Proposal 7: PBCH/MIB like very initial common channels should be minimized but cell detection latency should also be taken into account.
Proposal 8: The need of sub-RAT specific PBCH/MIB like very initial common channels is subject to case- by-case discussion.
Proposal 9: On demand SIBs transmission or constant periodic SIBs transmission depends on the frequency of incoming UEs. Depending on the use cases, both may be required and it is sub-RAT specific.
Proposal 10: Cell common L1 control signalling needs careful design for forward compatibility.
Proposal 11: Signal dynamic range should be taken into account for the possibility of future compatibility among multiple sub-RATs.
Proposal 12: Signal dynamic range should be taken into account for the flexibility on DL, UL and sidelink duplex.
Proposal 13: Signal dynamic range should be taken into account for sharing frequencies among operators.
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