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1 Background 
At TSG RAN#71, a new SI for New Radio Access Technology (NR) was approved [1] with the objective to develop an NR access technology to meet a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study [2].

General aspects for NR BS core requirements are discussed in [6] and for NR UE core requirements in [7]. This paper proposes several items for consideration in the Work plan for the Study Item, based on the discussions in [6] and [7].
2 Time line and output

The target date for the study is June 2017, with continued work planned in two assumed Work items in Phase I (completion June 2018) and Phase II (completion December 2019). This very tight time schedule stresses the importance to start discussions on fundamental aspects early, to prioritize the work with great care and to keep a tight interaction between RAN WGs and the RAN level studies. 

The RAN4 specific items in the study item objectives [1] are

· Fundamental RF aspects, especially where they may impact decisions on RAN architecture and protocols. 
· Spectrum aspects, covering frequency ranges up to 100 GHz, (standalone) operation in licensed bands (paired and unpaired), and licensed assisted operations in unlicensed bands.

· To identify relevant RF parameters to be used for sharing and co-existence studies, which has been requested by ITU-R WP5D in an LS to 3GPP [8]. 
The way forward on the sharing parameters is further discussed in [9]. Since ITU-R WP5D has requested these parameters by February 2017, which in practice is November 2016 for RAN4, they will be a primary factor influencing the time plan. In order to respond with sharing parameters, RAN4 needs to study the fundamental requirement aspects, since these must be consistent with the compatibility parameters submitted to ITU-R, in order for ITU-R sharing studies to be relevant and applicable for NR as an IMT-2020 technology. 
The fundamental RF and requirement aspects are however foremost needed to conclude on the feasibility and performance of the RAN architecture and protocols, as developed by the TSG RAN WGs in the Study Item. The LS response to ITU-R in November should therefore be seen as a first and high priority “drop” of RF parameters, but the main objective of the work is to provide a consistent view on the fundamental RF aspects as a final study item output.
Item 1 for work plan:
The main mile stone of the RANN4 work is to settle and report on the fundamental RF, requirements and spectrum aspects by June 2017, with an important “drop” of RF parameters for sharing studies to be done in November 2016 for ITU-R.

The output from RAN4 will be documented in two TRs:

· 3GPP TR 38.8xx
, “TR for Study on New Radio Access Technology: RF and co-existence aspects “, which is an 800-series RAN internal TR, where RAN4 can document all RF, requirements and spectrum aspects of the study.
· 3GPP TR 38.912, “Study on New Radio (NR) Access Technology”, which is a 900-series TR for the whole SI, to be published by 3GPP. There would be chapters on Radio transmission and reception aspects to document the RAN4 conclusions.
The RAN4 work can be continuously documented in TR 38.8xx and it would be expected that a summary of the RAN4 work is reported to TSG RAN for inclusion in TR 38.912 at the end of the Study Item by June 2017.
3 Scope of work in the study item
As discussed in [6] and [7], the scope of the NR work is very large, since there are multiple  usage scenarios and a wide frequency range to cover from sub-GHz to mm-wave and up to 100 GHz, considering both licensed and unlicensed bands. The different frequency bands have different properties, which needs to be considered when requirement levels are set, ultimately leading to multiple sets of requirements. Prioritization will be needed to keep the work scope reasonable for timely finalization of the work. A set of four frequency bands to use in the study is proposed in [7]: 700 MHz, 3.5 GHz, 30 GHz and 70 GHz.
Item 2 for work plan:
Due to the scope of the work in terms of multiple usage scenarios and a very wide frequency range with multiple sets of requirements, a prioritization will be needed in the study, covering the most important cases and a limited number of example frequency bands.

Item 3 for work plan:
The following example frequency bands should be used in the study: 700 MHz, 3.5 GHz, 30 GHz and 70 GHz.

In new bands to be assigned for NR, where there has not previously been any IMT system operating, there is a clear need for stand-alone NR operation. In existing bands, there will also be operation of NR together with existing technologies including LTE, pointing at the need for multi-standard specifications for the base stations. This is also a requirement in TR 38.913 [2].
Due the possibility of dual-connectivity operation of NR with LTE, there will be a need for multi-RAT operation also for the UE, as discussed in [7].

Item 4 for work plan:
For the base station, both stand-alone NR specifications (38-series) and multi-standard specifications (37-series) will be needed and should be considered in the study.

Item 5 for work plan:
For the UE, multi-RAT NR+LTE operation for dual-connectivity needs to be studied in addition to single-RAT NR operation. 

Base station classification has been used in UTRA and E-UTRA to define different types of BS to be used in different deployment scenarios, based on Minimum Coupling Loss (MCL). As discussed in [6], BS classes will be needed for NR as well, but with active antenna array systems and beam forming, the MCL concept may need to be revised.
Item 6 for work plan:
Base Station classes should be identified for NR, but the classification would most likely be based on a different approach than by the MCL parameter, to be further studied.

For LTE, a limited set of channel bandwidths was defined based on the numerology defined for the physical layer. For NR we potentially have multiple numerologies and a very large range of possible channel bandwidths up to several 100 MHz. There could also be multiple numerologies multiplexed on the same frequency block. This could potentially lead to a very large number of combinations of requirements for the test matrix for both BS and UE and needs to be carefully prioritized.
Item 7 for work plan:
The bandwidth flexibility in terms of number of supported bandwidths, together with the flexibility in numerology across usage scenarios and bands potentially gives a very large number of combinations. The number of supported bandwidths and combinations must therefore be restricted through prioritization, to give a feasible implementation and a workable test matrix.

At the higher frequency bands and the high level of integration expected for NR implementation at these frequencies, conducted measurements for testing of both BS and UE may not be feasible as discussed in [6] and [7]. There will thus be a need for OTA requirements and testing. There will also be a need to develop OTA metrics for requirements such as unwanted emissions, where Total Radiated Power (TRP) is a strong candidate as metric [5,6]. For NR operation at lower frequencies and where high gain beam forming is not needed, conducted requirements should be developed.
For receiver requirements such as blocking, there is for LTE a focus on the performance of a Carrier in the context of an interfering signal at different frequency offsets from the received signal. When applying OTA measurements for blocking and considering the large flexibility in usage scenarios and bandwidth expected, requirement metrics that are not carrier-centric should be investigated as an alternative.

Item 8 for work plan:
For NR at higher frequencies and where high gain beam forming is used, OTA metrics and requirements will need to be defined for both BS and UE, without any sub-array conducted requirements. For unwanted emissions, TRP as a metric is a strong candidate.

Item 9 for work plan:
For receiver requirements, approaches that are not carrier-centric and BW independent should be investigated.

As shown above and further discussed in [6] and [7], there is a very large number of permutations possible in terms parameters for the radio access, due to the range of usage scenarios and the flexibility in frequency band/bandwidth, deployments and implementation. Since all these aspects when multiplied give an exponential increase of combinations, there will be a need to discuss and define a restriction of the requirements and test coverage for NR.
Item 10 for work plan:
A very large number of parameter combinations are possible for NR. For BS and UE there is possibility for operation in multiple bands over a very large frequency range, multiple usage scenarios with different QoS requirements, different beamforming and MU-MIMO schemes, etc. For the BS, there are in addition multiple BS classes and both stand-alone and multi-standard specifications to be developed. The requirement and test coverage of the specification will therefor need to be prioritized to ensure good system performance with reasonable requirements and a workable test matrix.

4 Relationship to other work items
RAN4 has performed a substantial amount of work on AAS BS in Rel-13, including definition of two OTA requirements. This work now continues in Rel-14. There is also a substantial amount of work done for FD-MIMO, with a continuation in Rel-14. Many aspects of these work items, including for example OTA requirement principles, are to a large extent generic and could also be applied for NR.

Item 11 for work plan:
Any completed work on AAS and FD-MIMO should be re-used as a basis for NR where applicable. The work on NR should also be aligned with the parallel ongoing work items in Rel-14 for AAS and FD-MIMO, in order to avoid duplication of work, to align the concepts and to enable multi-standard BS specifications.

5 Proposals for the work plan
Based on the discussion above, with further details in [6] and [7], the following items are proposed for the work plan for the SI on NR New Radio Access Technology:
1. The main mile stone of the RANN4 work is to settle and report on the fundamental RF, requirements and spectrum aspects by June 2017, with an important “drop” of RF parameters for sharing studies to be done in November 2016 for ITU-R.

2. Due to the scope of the work in terms of multiple usage scenarios and a very wide frequency range with multiple sets of requirements, a prioritization will be needed in the study, covering the most important cases and a limited number of example frequency bands.

3. The following example frequency bands should be used in the study: 700 MHz, 3.5 GHz, 30 GHz and 70 GHz.
4. For the base station, both stand-alone NR specification (38-series) and multi-standard specifications (37-series) will be needed and should be considered in the study.

5. For the UE, multi-RAT NR+LTE operation for dual-connectivity needs to be studied in addition to single-RAT NR operation.
6. Base Station classes should be identified for NR, but the classification would most likely be based on a different approach than by the MCL parameter, to be further studied.

7. The bandwidth flexibility in terms of number of supported bandwidths,, together with the flexibility in numerology across usage scenarios and bands potentially gives a very large number of combinations. The number of supported bandwidths and combinations must therefore be restricted through prioritization, to give a feasible implementation and a workable test matrix.

8. For NR at higher frequencies and where high gain beam forming is used, OTA metrics and requirements will need to be defined for both BS and UE, without any sub-array conducted requirements. For unwanted emissions, TRP as a metric is a strong candidate.

9. For receiver requirements, approaches that are not carrier-centric and BW independent should be investigated.

10. A very large number of parameter combinations are possible for NR. For BS and UE there is possibility for operation in multiple bands over a very large frequency range, multiple usage scenarios with different QoS requirements, different beamforming and MU-MIMO schemes, etc. For the BS, there are in addition multiple BS classes and both stand-alone and multi-standard specifications to be developed. The requirement and test coverage of the specification will therefor need to be prioritized to ensure good system performance with reasonable requirements and a workable test matrix.

11. Any completed work on AAS and FD-MIMO should be re-used as a basis for NR where applicable. The work on NR should also be aligned with the parallel ongoing work items in Rel-14 for AAS and FD-MIMO, in order to avoid duplication of work, to align the concepts and to enable multi-standard specifications.
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