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1 Introduction

The core BS RF specification for NR is now nearly complete and undergoing correction. Work will now begin on the considerable tasks of generating conformance specifications and of introducing NR into the MSR and eAAS specifications.
To date, little discussion has taken place about the assumed scope of demodulation/performance requirements for NR. Although the demodulation/performance will come at as a later stage, it is nonetheless worthwhile to begin discussion to scope the work.
2 Discussion

For E-UTRA, a large amount of demodulation requirements exists, including the following:

· Demodulation of PUSCH in fading channel conditions with 1, 2, 4, 8-way receiver diversity

· Multiple bandwidths and both 1 and 2 TX included

· Requirements for UL timing adjustment

· Requirements for high speed train

· Multiple bandwidths and number of RX antennas covered

· HARQ ACK/NACK requirements
· Multiple bandwidths and number of RX antennas covered

· Enhanced ACK/NACK with TTI bundling

· Multiple bandwidths and number of RX antennas covered

· Enhanced performance type A requirements (interference mitigation)
· Synchronous and asynchronous interference
· Many combinations of RX bandwidth, fading channels, parameters, RX antennas

· PUSCH supporting coverage enhancements

· Multiple bandwidths

· PUSCH format 3

· Multiple RX antennas

· Enhanced performance type B requirements (interference cancellation)

· Multiple channel bandwidths, RX antennas

· PUCCH DTX-ACK

· Multiple bandwidths, RX antennas, TX antennas combinations

· CQI on PUCCH format 2

· Missed ACK on PUCCH 1A, 1B, 3, 4, 5…

· Multiple RX antenna, fading channel combinations

· NACK to ACK PUCCH requirements

· PUCCH coverage enhancement related requirements

· PRACH detection

· Multiple bandwidth, channel combinations, frequency hopping etc.

· Also, high speed train related requirements
As can be gathered from the above list, the set of demodulation / performance requirements for E-UTRA are very extensive and have been built up over multiple releases.

For OTA testing, eAAS performance requirements are defined for single and dual polarization RX only in order that OTA testing can be performed in an anechoic chamber. To date, no means of performing OTA testing with OTA fading channels that can realistically model real life has been identified or discussed for the BS. Even if a test method would exist, care would need to be taken to ensure that the potentially complex testing would be relevant and would not be setting false design targets on the BS that do not relate to the real world.
For NR, a number of additional dimensions need to be considered that potentially multiplicatively increase the amount of demodulation requirements. These include:
· Potentially much larger numbers of transmitters and receivers

· Large potential variation in spatial scenarios and implementation related approaches to beamforming / MIMO processing

· Larger number of potential operating bandwidths

· 3 different numerologies for FR1 and 2 numerologies for FR2

· The possibility for multiple numerology reception

· SUL and UL sharing combining NR and E-UTRA

· Multiple possibilities for DM-RS configuration

· PTRS for FR2

When considering the scope of NR demodulation requirements, a number of factors should be considered:

Purpose of the BS demodulation requirements

Originally, prior to the advent of multiple TX and RX, the BS demodulation requirements primarily verified correct and good implementation of single RX chain BB decoding (i.e. FEC decoding performance, PRACH detection performance etc.). This has been supplemented over previous releases with more advanced requirements relating to high speed train, interference mitigation with a limited number of RX antennas etc.

In NR, due to the advent of advanced spatial processing the potential for spatially optimized receiver based on a larger number of receiver elements exists. However, the spatial performance of the baseband algorithms is very related to the geometry of the antenna array, the beamforming/MIMO approach and deployment scenario. Developing advanced spatial requirements can be seen as a separate issue to basic RX processing verification for the PRACH detection and FEC decoding.

Usefulness of conducted demodulation requirements

Conducted demodulation requirements can be applied for a limited number of receivers only. Not only is testing a large number of receivers simultaneously impractical, the real performance of the BS will depend on the geometry and design of the antenna array and there is no means to define common, implementation independent conducted only BB requirements that will predict the radiated performance of the BS.
Feasibility of OTA demodulation requirements

OTA demodulation requirements that verify per polarization, non-spatial performance have been developed for eAAS. For modelling spatial performance in fading environments, no test methodology has been identified that can be directly applied to basestations. In principle, some kind of spatial processing could be modelled in an anechoic environment, however since anechoic environments are far removed from the real world the value of meeting such requirements in terms of validating basestation performance is highly questionable.

Complexity and timescale for NR demodulation work

The existing LTE demodulation requirements have been built up using hundreds of demodulation time units spread over multiple releases. As discussed above, the amount of combinations of parameters for NR is much higher than for LTE and will increase still further when new RAN1 features and functionality are taken into account. It is important that NR demodulation work for release 15 can be completed within a reasonable timescale such that 5G networks can be launched in the coming few years. Thus, the scope of the demodulation work for release 15 must be set very conservatively, taking into account that further requirements can be added in future releases as needed.
Necessity of BS demodulation requirements

Demodulation requirements are not regulatory in any regime, and there are no external groups needing to refer to 3GPP work on demodulation requirements. Thus, effort should be focused onto RF requirements, conformance testing and RRM as a first priority.
3 Conclusion

Considering the above discussion, the following proposals are made for release 15 NR demodulation work:

Proposal 1: The scope of release 15 NR demodulation requirements and conformance tests should be limited.

Proposal 2: The purpose of release 15 NR demodulation requirements should be considered to be verification of basic RF dynamic range and RX EVM, FEC decoding functionality and possibly PRACH detection functionality. Spatial and RX diversity should not be considered in this release.

Proposal 3: The amount of demodulation requirements should be somewhere between zero (i.e. add demodulation in a later release) to a handful of PUSCH, PUCCH and PRACH related requirements, based only a limited and relevant subset of combinations of bandwidth and SCS.
Proposal 4: The OTA demodulation requirements in release 15 should be based on the same principle as eAAS; i.e. anechoic chamber based testing.
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