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1. Introduction
RAN4 will be starting to discuss RRM test cases during the remainder of 1H 2018 and during 2H 2018, with a performance adhoc planned in July 2018. In this contribution we discuss some of the issues for RRM testing at a high level and identify some initial topics for discussion in RAN4 which would be beneficial to discuss to ensure that the test case work is done in a structured manner.

RAN4 has been working on an NR testability study item which is planned to be concluded in June 2018. Regarding the relationship of the study item to the test case development work, the study item has been focused on general testability issues for RRM and our expectation is that it will provide useful input on the feasible test environment, especially for OTA tests. RAN4 then needs to work on the detailed test cases, not just for OTA but also for the conducted tests that we expect will be developed, for example,for FR1. 
2. Discussion

The work which needs to be done to develop a suite of NR tests is considerable, and in addition it is necessary to consider the maturity of the underlying core specifications. Currently significant technical discussions are still ongoing for SA RRM core requirements and for NSA corrections and it could be anticipated that even in 2H 2018, RAN4 needs to devote significant discussion time to core requirement corrections.  Nevertheless, it is also very important for the industy that the corresponding test cases are developed. At the highest level, it is possible to identify different types of tests which can be developed – for example
· FR1 tests: We expect that FR1 tests will be performed using conducted connection to the UE, so from that point of view are more similar to LTE tests. We observe that the current level LTE test coverage has taken many releases and man-years of standardization effort, whereas many of the corresponding features for NR will be introduced already in release 15. Hence, it should be understood that developing (eg standalone) FR1 tests may be less technically challenging than other areas of RRM testing but nevertheless, the needed effort is very significant. Another challenge is that FR1+FR2 (such as CA) will need to be developed to operate fully OTA, so there will ultimately be a need to develop OTA tests even for FR1/LTE functionality.
· FR2 tests: FR2 tests are expected to be OTA tests. While the testability study item has made some significant progress in discussing the suitable test environment, there will still need to be significant technical discussion on “how to do the testing?” before the test case development can progress. For example, the RSRP definition in NR FR2 necessarily includes UE RX antenna gain in measurement reports. So, even if the OTA environment and electromagnetic field strength of test signals is well understood, RAN4 still needs to discuss the nominal RSRP that a UE shall validly experience and report. Another example of a necessary discussion is how spatial aspects will be reflected in test cases. For example, given the RAN4 discussion in core requirements on RX beam sweeping, it seems important to verify that UEs can detect SSBs coming from different directions of arrival than the serving cell but exactly how to test and what cases should be looked at is a matter for further discussion. Yet another aspect to be discussed is the test equipment TX beam configuration, for example which SS blocks are transmitted in an SS burst, and how they are beamformed.
· NSA tests: NSA tests for EN-DC can cover different aspects, such as verifying the NR requirements are met, and either jointly, or in separate tests verifying that LTE RRM functionalities are being performed correctly. In all EN-DC tests, there will need to be an LTE PCell so even though an NSA test might verify a “common” functionality such as NR PSS/SSS detection, the actual test case description and cells configured will need to be different.
For EN-DC OTA testing (eg EN-DC for LTE + FR2) it has also been discussed that a conducted connection for the LTE radio is not possible in an OTA chamber. Therefore, OTA testing of LTE also needs to be discussed within the context of at least providing a test signal for the PCell.
· SA tests: SA tests would also need to cover different configurations for NR, such as verifying requirements in single carrier and NR-CA configurations.
· Late drop features: As discussed in RAN plenary, a late drop will be introduced. The key points for the late drop which was endorsed in [1] are: 
	· Introduce a late drop for Release-15 that follows Rel-15 completion by 6 months
· The late drop is to exclusively contain NR architecture options that were not completed by September ASN.1 drop
· Options 4, 7 are part of the late drop
· NR-NR DC to be considered to be added to the late drop at RAN#80
· Scope to target minimum RAN1 impact, to be addressed at RAN#80
· NR-NR DC band combinations, limited to FR1-FR2 combinations, can be proposed in RAN4 in Q2, pending final approval at RAN#80
· No other WG work to proceed specifically on NR-NR DC in Q2
· Hardware impacts for the late drop should be avoided
· After RAN#79, no further functionality will be considered to be included in the late drop
· Band combinations which are not completed by June 2018 (other than NR-NR DC combinations) will be moved to Rel-16 band specifications, but continue to be release independent.
· In case Option 5 is not completed by September ASN.1 drop, it will be part of the late drop
· The late Rel-15 ASN.1 drop is to be strictly backwards compatible
· No assumptions are made in this proposal on UE capabilities wrt different NR architecture options 



In Option 4/4A, the gNB is connected to the NGC with Non-standalone E-UTRA.  The E-UTRA user plane connection to the NGC goes via the gNB (Option 4) or directly (Option 4A).
In Option 7/7A, the eLTE eNB is connected to the NGC with Non-standalone NR.  The NR user plane connection to the NGC goes via the eLTE eNB (Option 7) or directly (Option 7A).
From an RRM perspective, one main difference would be NSA operation with NR cells in the MCG and LTE cells in the SCG. Hence there could be an NR PCell/SCells and LTE PSCell/SCells.
Also, since NR-NR DC band combinations, limited to FR1-FR2 combinations, can be proposed in RAN4 in Q2, pending final approval at RAN#80, there may be a need for requirements covering both NR PCell and NR PSCell.

From a test case point of view, it would not be possible to develop test cases for late drop features until the corresponding core spec is available. This points to also having a “late drop” of RRM test cases for release 15, covering the late drop features and coming after December 2018.

In this contribution, our intention has been to identify some of the tasks that will be performed, at a very high level, to develop RRM test coverage for NR. Given the amount of work that is needed, we think that it is beneficial to discuss a phased approach for introduction of the tests, for example 
Phase I: NSA tests for FR1 with LTE  PCell and selected NSA tests for FR2 with LTE PCell (targeted at Q3 2018); 

Phase II:SA tests for FR1 and FR2, NSA with FR2 with LTE PCell (Q4)

Phase III: Late drop features e.g. Architecture option 4, NR-NR DC, scope and timescale to be clarified once late drop content is clear
The purpose of limiting phase 1 to a smaller number of selected OTA tests is to allow generic OTA issues to be addressed before the large volume of SA/NSA FR2 tests is addressed, allowing more focused work in the beginning. For example, first OTA tests may take additional effort due to the discussions on UE antenna gain, spatial aspects to be tested etc. 
Proposal 1: RAN4 to discuss the phased approach for developing RRM tests, and the content and timeline for each phase

Another aspect which we think would be good to plan in advance of the actual test case work is which specifications tests are developed in. As we have highlighted above, EN-DC tests with LTE will always need an LTE PCell configuration and so will have different content and configuration than SA tests, regardless of whether they test an NSA specific requirement or a joint SA/NSA requirement.

For SA operation, it seems natural that both FR1 and FR2 tests should be included in annexes of 38.133, and it also seems important not to mix OTA and conducted tests. So at least two annexes should be added in 38.133 for SA FR1 and SA FR2 tests. As there may be FR1/FR2 carrier aggregation, a 3rd annex could be considered although it would appear that FR1/FR2 CA will need to be tested in an OTA configuration even for the FR1 cells. This annex could also include FR1/FR2 NR-NR DC tests in the event that NR-NR DC band combinations are included in release 15.
For NSA architecture option 3/3a operation, our preference is also that a self-contained set of tests is developed, ie. that tests are not split across 36.133 and 38.133. It also seems better not to mix the tests with existing LTE RRM tests. Hence an additional annex or annexes could be added to 36.133 covering all NSA tests with an LTE PCell. Depending on the structure of conducted and OTA tests, multiplex annexes may be needed.
For NSA options with an NR Pcell, and SA SCell, an additional annex or annexes could be added in 38.133.

Ultimately, the structure of the specifications could be

36.133 annex X : EN-DC tests with FR1 PSCell/SCells (conducted)


36.133 annex Y : EN-DC tests with FR2 PSCell/SCells (OTA)

36.133 annex Z: EN DC tests with mixed FR1/FR2 (PSCell/SCells) (OTA)

Annex Y and Z could be combined to 1 depending on preference.

38.133 annex A: SA tests FR1 (Conducted)

38.133 annex B: SA tests FR2 (OTA)

38.133 annex C: NE-DC tests with FR1 PCell/SCells (conducted)

38.133 annex D: NE-DC tests with FR2 PCells/Scells (OTA)

38.133 annex E: NE-DC tests with mixed FR1/FR2 PCells/PSCells (OTA)

38.133 annex F etc: NR-NR DC tests (structure TBD)
Proposal 2: RAN4 to discuss the high level spec structure for developing RRM tests, and the content of 36.133 and 38.133 annexes
3. Conclusion

In this contribution we discuss the possible need for a phased approach for work on NR RRM tests. We provide the following example of a phased approach and a proposal 
Phase I: NSA tests for FR1 with LTE  PCell (targeted at Q3 2018); 

Phase II:SA tests for FR1 and FR2, NSA with FR2 with LTE PCell (Q4)

Phase III: Late drop features e.g. Architecture option 4, NR-NR DC, scope and timescale to be clarified once late drop content is clear

Proposal 1: RAN4 to discuss the phased approach for developing RRM tests, and the content and timeline for each phase

It would also be beneficial to discuss specification structure at the highest level, since it appears that many different types of tests will be introduced now and in the future. For example,

36.133 annex X : EN-DC tests with FR1 PSCell/SCells (conducted)


36.133 annex Y : EN-DC tests with FR2 PSCell/SCells (OTA)

36.133 annex Z: EN DC tests with mixed FR1/FR2 (PSCell/SCells) (OTA)

Annex Y and Z could be combined to 1 depending on preference.

38.133 annex A: SA tests FR1 (Conducted)

38.133 annex B: SA tests FR2 (OTA)

38.133 annex C: NE-DC tests with FR1 PCell/SCells (conducted)

38.133 annex D: NE-DC tests with FR2 PCells/Scells (OTA)

38.133 annex E: NE-DC tests with mixed FR1/FR2 PCells/PSCells (OTA)

38.133 annex F etc: NR-NR DC tests (structure TBD)

Hence we propose

Proposal 2: RAN4 to discuss the high level spec structure for developing RRM tests, and the content of 36.133 and 38.133 annexes
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