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Introduction – forward compatibility
The new RAT will support a wide range of scenarios and use cases, many of which are not yet defined. It is at this stage also clear that the RAT fulfilling the IMT-2020 requirements will be specified over two releases, release 15 and release 16. Thus, forward compatibility is of uttermost importance. Any decision taken in the first releaser(s) should, as little as possible, restrict the evolution in coming releases. RAN1#84bis therefore agreed: 
· Phase 1 and later phases of NR should be designed with the following principles to ensure forward compatibility and compatibility of different features:
· Strive for
· Maximizing the amount of time and freq. resources that can be flexibly utilized or that can be left blanked without causing backward compatibility issues in the future 
· Blank resources can be used for future use
· Minimizing transmission of always-on signals
· Confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time/freq. resource

This in essence implies that an ultra-lean design should be adopted where the network minimizes “always on” transmissions and the UE treats all subframes as empty unless it has been instructed otherwise. It also implies that signals and transmissions should be confined within a given time/frequency resource and not be spread across the whole system bandwidth.
In the following some additional “design principles”, or “lessons learnt from LTE”, that can help guide the design of the new RAT are discussed.
Avoid fixed timing relations
Fixed timing relations across subframes have been used in LTE although the principle has loosened a bit in the later releases due to eLAA, NB-IoT and eMTC. One example of a fixed timing is the hybrid-ARQ retransmissions timing implying a retransmission occurring 8 ms after the initial transmission in FDD. These kinds of strict timing relations impact forward compatibility and make it more difficult to introduce new transmission procedures not aligned in detail with the legacy timing relation. For example, uplink retransmissions in unlicensed spectrum cannot use the original LTE timing. Strict timing relations will also restrict the deployment flexibility. For example, uplink-downlink separation is possible only with low-latency interconnect between the antenna sites and the baseband processing unit. 
Proposal: 
· Avoid fixed timing relations across subframe borders
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As a baseline, reference signals necessary for channel estimation typically are transmitted in the same subframe, over the same bandwidth, and in the same beam as the corresponding data (unlike LTE where cell-specific reference signals in previous subframes can be used to aid channel estimation). This principle helps making transmitter-side beamforming (multi-antenna) schemes more transparent to the receiver and thereby allowing for greater network deployment flexibility. Self-contained transmissions also simplify coexistence of different services and long term RAT-maintenance and evolution. Furthermore, multi-connectivity use-cases should be easier to design and support when all transmissions are well confined in time and frequency.
However, there are aspects of channel estimation, for example timing and frequency synchronization, that may benefit from exploiting multiple subframes or periodic signals using the quasi-co-location (QCL) framework designed for LTE. Great care is therefore required in the design to maximize the principle benefits from self-contained transmissions while not unnecessarily loosing channel-estimation accuracy.
Proposal: 
· Adopt as a baseline self-contained transmission where data (and control) transmissions have their own reference signals.
Avoid tying multiple quantities to a single underlying quantity
In LTE, many quantities are tied to the same underlying quantity leading to unnecessary restrictions. For example, the cell identity is used for multiple purposes such as downlink and uplink scrambling, reference signal mapping, measurement reporting, handover, etc. Not all these purposes should be tied to the same quantity, e.g. uplink and downlink scrambling should be separated to facilitate independent termination points for uplink and downlink, a lesson learnt from the introduction if CoMP in LTE. Another example is ciphering in PDCP being tied to the cell identity unnecessarily restricting the deployment flexibility.
Proposal: 
· Avoid tying multiple quantities to a single underlying quantity unless there is a clear motivation.

Conclusion
To improve future compatibility the following proposals are made:
· Avoid fixed timing relations across subframe borders
· Self-contained transmission where data (and control) transmissions have, e.g., their own reference signals.
· Avoid tying multiple quantities to a single underlying quantity unless there is a clear motivation.
It is proposed to capture these principles in the RAN1 technical report.




