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1 Introduction
During RAN#71, a study item (SI) [1] on New Radio Access Technology was approved. NR is to be designed with an eye to enabling ease of introduction of new features in the future, i.e. to be forward compatible. An agreement was reached at RAN 84bis [2]:
· 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.

Previously [3]-[4] we have discussed design targets for reference signal framework as well as control channel design. Here we expand on these ideas to show how they can ensure forward compatibility.

2 Forward Compatibility in LTE
CRS
LTE was designed with the principle that CRS would be always present, in every subframe, and throughout the entire system bandwidth. The only time CRS is not expected by an LTE UE is in a portion of an MBSFN subframe which can be configured for up to 60% of subframes.
Ever-present CRS ensures that a UE, upon synchronizing to a cell, can always perform cell access and maintain mobility measurements. Furthermore, some transmission modes require CRS either for link adaptation measurements or demodulation measurements. Lastly, CRS can be used for fine tuning measurements on other reference signals, using a quasi co-location assumption.

The drawbacks of ever-present CRS include the following:

· Any possible benefit of interference reduction techniques using MBSFN subframes (e.g. eICIC, low loaded small cell deployments) is limited.

· The possible gains in energy savings are unexploited.

· In dense deployments, pilot contamination becomes an issue.
Perhaps more importantly though, having fundamental LTE physical layer functionalities depend on the permanent presence of CRS results in a situation where the gain from features introduced after the initial release is smaller than the potential gain otherwise achievable.
Control Region
The control region made up of PDCCH, PHICH and PCFICH is also expected at the UE to be present in all downlink subframes and to span the entire system bandwidth over at least one time symbol. This is true of both normal and MBSFN subframes, and it creates similar limitations as the permanent presence of CRS in terms of the benefit of more advanced features.
Furthermore, the overhead of having a control region spanning the entire system bandwidth can be cumbersome and unnecessary. This is especially evident in deployments where there are few UEs per cell, and the search space requirements are low.

EPDCCH was introduced in LTE to improve the capacity and coverage of control signaling by supporting precoding.  EPDCCH was also designed with some concepts of keeping all required signaling and transmissions within a confined time/frequency region. However EPDCCH spans an entire subframe. Therefore a UE cannot begin decoding its data until it has fully decoded the relevant EPDCCH at the end of the subframe. This is detrimental to the performance of latency sensitive UEs.
3 Forward Compatibility in NR
Forward compatibility in LTE is achieved by using MBSFN subframes. Such subframes limit the presence of CRS.  However, MBSFN subframes are defined over the entire system bandwidth. This reduces the flexibility of mixing legacy and new features. Furthermore, some control and CRS are expected even during an MBSFN subframe, thus reducing the flexibility required to facilitate new features.
For NR the agreement taken in RAN1#84bis expresses to goal of confining as much as possible signals and channels for physical layer functionalities within a certain time/frequency resource. The wording “confining within a […] time/freq. resource” can be interpreted as meaning that the different transmissions do not occupy completely discontiguous regions in the time or frequency domain. Considering the beam-based design framework envisioned for NR [5], this concept could also be extended to include the space or “beam” domain. The wording “Strive for” reflects the fact that perfect confinement is likely not achievable in all cases.
To make progress on more concrete design decisions, one possible approach is to discuss in terms of “dependencies” between the different control, signal and data transmissions and how such dependencies relate to the resources on which these transmissions are mapped. The meaning of dependency should be clear enough, e.g. a data transmission is dependent on demodulation RS associated to the data and on control signaling indicating this data, an HARQ-ACK transmission is dependent on a data transmission, etc.
One first observation that could be made is that lack of confinement tends to occur when there is an “implicit” dependency (in the sense of not “signaled”) between transmissions that are mapped to different resources. Examples of such dependencies in LTE are HARQ-ACK timing relations between subframes or CRS implicitly assumed to be co-located to other DM-RS (before Release 11). Therefore, a good starting point could be to agree that any such implicit dependency should only occur when transmissions occur within a same contiguous “block” of resources or “confined region”. As a starting point, a “confined region” could be defined as a contiguous period of time (e.g. a subframe) in a contiguous range of frequencies, and possibly for a specific beam.
Proposal 1: Implicit dependency between data, signal and control transmissions can only exist within a confined region:
· An implicit dependency is a dependency that is not explicitly configurable by physical layer or higher layer signaling
· A confined region is defined as a contiguous period of time in a contiguous range of frequencies and for a specific beam (details FFS)
The above proposal, if agreed, still leaves room for allowing dependencies between transmissions in different confined region as long as such dependencies are configurable and therefore controllable by the network (in a UE-specific manner). In the following we outline some examples of explicit dependencies that should be considered.
Reference signals for beams
NR is expected to natively supports beam-based transmissions where for example beamforming at the UE side would not rely on explicit signaling of phasing weights by the network [5]. Such framework relies on transmission of reference signals for beam selection, CSI and sounding. It should be allowed that some of these transmissions can occur in between data bursts for beam maintenance purposes, upon initial access or for mobility and possibly on an on-demand basis. The explicit dependency can be realized by introducing a concept of beam process and associating transmissions to a beam process, as described in [5].
Transmissions with small number of symbols
For low-latency transmission (e.g. URLLC) transmissions of short duration need to be supported. For short transmissions, provision of demodulation RS for every transmission burst (within its allocated resources) could result in a relatively high overhead. It may be beneficial to allow use of measurements on RS outside the confined region to refine measurements made within the region. This could be achieved, for instance, by signaling QCL assumption with the RS outside the region, possibly dynamically. Another possible mechanism could indicate that a demodulation RS of a previous transmission should be used, possibly allowing that no demodulation RS at all be present within the confined region. 
Per-period Control Signaling
In [4] we proposed to have control signaling split in two parts. A first control, i.e. a per-period control, can be used to provide information that is relevant to a period (or group of transmissions) within a set of frequency resources. For example, it is expected that a set of short transmissions can cover similar channel realizations. Therefore, the per-period control can provide a frequency allocation or modulation and coding scheme that can be reused for multiple transmissions. Furthermore, the per-period control can point to one or more time/frequency region where a UE may expect a second control, e.g. per-transmission (or per-TTI) control. The per-transmission control information can be multiplexed in the same confined region as the data transmission itself.
Unlike PDCCH in LTE, the per-period control need not be periodic or present in every subframe or over the entire system bandwidth. The UE may be signaled parameters of both the per-period and per-transmission control.

Proposal 2: Consider explicit signaling of dependencies between transmissions in different confined regions, such as for:
· Associating a transmission with a beam obtained from prior measurements
· Demodulation with short TTI’s

· Indicating applicable resources for multiple transmissions within a period
4 Conclusion

In this contribution we propose methods to enable the effective design of initial NR features to ensure forward compatibility. We propose the following:

Proposal 1: Implicit dependency between data, signal and control transmissions can only exist within a confined region:
· An implicit dependency is a dependency that is not explicitly configurable by physical layer or higher layer signaling

· A confined region is defined as a contiguous period of time in a contiguous range of frequencies and for a specific beam (details FFS)
Proposal 2: Consider explicit signaling of dependencies between transmissions in different confined regions, such as for:

· Associating a transmission with a beam obtained from prior measurements

· Demodulation with short TTI’s

· Indicating applicable resources for multiple transmissions within a period
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