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1 Introduction
In previous meetings RAN4 has discussed and agreed the need for testing with both conducted tests (typically for non mm-wave bands such as below 6GHz) and with over-the-air (OTA) tests (typically for mm wave bands, or potentially to verify beamforming requirements also on low bands). In this contribution we initiate discussion on the relationship between conducted and OTA requirements. This contribution is not specifically related to testing, as there also appears to be core requirement impact from the OTA methodology. For example, directional antenna gain needs to be accounted in an OTA accuracy requirement whereas it is not relevant to a conducted requirement.
2 Discussion

Firstly, we observe that from a pragmatic point of view it will be challenging to complete RRM requirements for NR within the work item timescales, and it is clear that it is not possible to develop two requirements methodologies totally independently of each other and still complete NR RRM work on time – indeed it will be challenging even to develop one requirement methodology for RRM in the time available.
Secondly, from a technical point of view we see a need for consistency between these requirements frameworks. In the past, most RRM tests except for measurement accuracy have been band independent. In our understanding this means that in principle the UE shall meet the core requirements on any band it supports, and this is demonstrated by running and demonstrating that the corresponding test passes on one supported band. If the requirements for conducted and OTA RRM are not technically equivalent to each other then this approach can be questioned. Suppose for example that the conducted requirements was more demanding to meet than the OTA requirement. Some consequences for a multiband UE (supporting band below and above 6GHz) which should meet either kind of requirement are

· The OTA requirement would be somewhat meaningless/useless, since the conducted requirement is more demanding

· As a consequence, it would be unsafe to continue to allow UE to pass tests on any band, since a pass of a test verifying the less demanding requirement would not demonstrate sufficient performance

· Without a full understanding of which requirement is more demanding, it would then be necessary to mandate UEs to pass both types of tests, which may greatly increase testing time

In summary we make the following observations

Observation 1 : From a timeline perspective it is necessary to find methodologies to develop requirements for conducted and OTA RRM jointly rather than doubling the work which is not practical in the time available

Observation  2 : From a technical perspective, it is desirable that conducted and OTA requirements share an equivalence

Based on these observations, we would like to explore methodologies to map between conducted requirements and OTA requirements in a generic manner.  For example, RAN4 could discuss firstly conducted requirements to identify a new cell and then apply a generic mapping to derive the corresponding OTA requirements for devices without antenna connectors. For this example, the main difference between conducted and OTA requirements is expected to be side conditions, and one main difference might be how Es/Iot (or equivalent) is specified in a directional manner. Before discussing this it is also necessary to discuss how beamformed requirements would be handled.
In light of observations 1 and 2, it seems that it would be beneficial to develop only OTA requirements for beamforming, regardless of the band being tested. In addition, the antenna array design is an important aspect impacting the ability to perform receive beamforming so it is unclear how a requirement with a primary purpose to secure beamformed RRM performance could be specified.

It may be beneficial to attempt to elaborate what is meant by a beamforming requirement. Even in LTE where RS are transmitted by the eNB using a sectored or omnidirectional antenna, and are measured by a UE using a single antenna port (somewhat implied by RSRP/RSRQ definition), the RS will have a particular direction of arrival at the UE, and the gain of the antenna in that direction will influence the measured result.  A beamformed requirement on the other hand, may be considered to be the case where the gNB has specific prior knowledge of a beneficial direction in which to transmit and/or the UE has prior knowledge that it would be beneficial to attempt to steer the receiver antenna array to receive in a beneficial direction.

The definition of beamformed versus non beamformed requirement may need further discussion, eg if synchronisation signals are broadcast by the gNB using beam sweeping then it is important that UE implementations work robustly in a swept beam environment (for instance spending sufficient time on each frequency looking for synchronisation signals to capture a sweep), even though the gNB is not aware of the beneficial direction to transmit the energy in. However, beam sweeping robustness is also not the same thing as a beamformed requirement (at least according to the definition above) and could also be ensured by other means, such as a conducted requirement which applies even when the sync signal is not continuously provided to the UE. Hence we propose 
Proposal 1: For requirements specifically related to beamforming, RAN4 should consider OTA methodology regardless of the band to which the requirement applies.

Proposal 2 : Further discussion / elaboration of exactly what is meant by “requirements specifically related to beamforming” is still needed under proposal 1.
Next we turn our attention to other types of RRM requirement, which do not primarily verify beamforming performance of measurements. Looking at existing LTE requirements, we can identify several different types of requirements

· Type 1 : Delay related requirements with side condition(s). Examples of such requirements are reselection delay, cell identification delay, measurement period, CGI reading delay, etc. 

· Type 2 : Delay related requirements without explicitly stated side conditions. One example of such requirements is handover delay, RRC reestablishment, CSG proximity indication, SCell activation delay etc.
· Type 3 : Interruption requirements without explicitly stated side condition. These requirements are fundamentally similar to type 2 except that in the delay period the UE does not communicate with serving cell(s). There are many examples in LTE including handover interruption, CA activation/deactivation, CGI reading etc. There are different ways of expressing the interruption such as a time period in milliseconds/subframes etc or as a missed ACK/NACK probability over a continuous period.
·   Type 4 : Behavioral requirements. Examples of behavioural requirements are parts of PRACH requirements which state eg “ The UE shall indicate a Random Access problem to upper layers if the maximum number of preamble transmission counter has been reached for the random access procedure ….”. These requirements simply specify a certain functional behaviour such as counting and performing an action.
· Type 5 : Capability requirements These are quite similar to behavioural requirements but typically specify a minimum requirement to be able to measure a certain number of cells, frequencies, evaluate a certain number of events etc. Typically, such requirements are numeric.
· Type 6 : Transmission power accuracy : An example of transmission power accuracy is random access power ramping, although this references to RF requirements eg for LTE The absolute power applied to the first preamble shall have an accuracy as specified in table 6.3.5.1.1-1 of TS 36.101[5]. The relative power applied to additional preambles shall have an accuracy as specified in table 6.3.5.2.1-1 of 36.101[5].
· Type 7 : Transmission timing requirements

· Type 8 : RLM requirements including Qin/Qout BLER and evaluation periods
·  Type 9 : Transmission timing difference requirements
· Type 10 : Accuracy requirements : Accuracy requirements specify an acceptable range within which measurement reports should fall (eg in dB, dBm etc). Typically accuracy requirements also have side conditions associated with them in terms of signal level, SINR etc, and the applicable accuracy requirement may depend eg on SINR.
This is not an exhaustive list, but we think that it covers most of the main types of RRM requirements which have been developed by RAN4 in the past. It could also be mentioned that one clause of the specification often includes requirements of more than one type (eg in LTE the measurement period shall be 200ms and the UE shall be capable of measuring at least 8 cells). However, breaking requirements down and categorizing them into types seems useful to discuss how to map between conducted and OTA domains.
We observe that several types of requirements could apply largely without modification, regardless if they are being considered for OTA or conducted. For instance, taking a type 3 (interruption without side condition) requirement, it seems fairly clear that the antenna subsystem itself should not significantly change the duration of an interruption. So, if the conducted interruption requirement is Xms for a certain scenario, it seems relatively straightforward to say that the same interruption requirement, Xms would apply OTA as well. Many requirements may be very similar in either their conducted or OTA forms. Type 2, 3, 4, 5, 7 8 and 9 requirements in the above list are likely to be very similar whether they are expressed as OTA or conducted requirements.

We would emphasise that this discussion is about core requirements. It is rather clear that different test methods are still required to verify that core requirements are met for instance in the interruption example given. However, these issues are likely to be addressed in the performance phase of NR RRM work.
Fundamentally there seem to be two areas which need to be studied
Proposal 3 : It is proposed to study
· How to map between OTA and conducted side conditions (signal levels, SINR etc).
· How to map between OTA and conducted accuracy requirements
3 Conclusions

In this contribution we discuss the relationship between OTA and conducted requirements. As a precursor to this work we perform a categorisation of different RRM requirements
Looking at existing LTE requirements, we can identify several different types of requirements

· Type 1 : Delay related requirements with side condition(s). Examples of such requirements are reselection delay, cell identification delay, measurement period, CGI reading delay, etc. 

· Type 2 : Delay related requirements without explicitly stated side conditions. One example of such requirements is handover delay, RRC reestablishment, CSG proximity indication, SCell activation delay etc.
· Type 3 : Interruption requirements without explicitly stated side condition. These requirements are fundamentally similar to type 2 except that in the delay period the UE does not communicate with serving cell(s). There are many examples in LTE including handover interruption, CA activation/deactivation, CGI reading etc. There are different ways of expressing the interruption such as a time period in milliseconds/subframes etc or as a missed ACK/NACK probability over a continuous period.
·   Type 4 : Behavioral requirements. Examples of behavioural requirements are parts of PRACH requirements which state eg “ The UE shall indicate a Random Access problem to upper layers if the maximum number of preamble transmission counter has been reached for the random access procedure ….”. These requirements simply specify a certain functional behaviour such as counting and performing an action.
· Type 5 : Capability requirements These are quite similar to behavioural requirements but typically specify a minimum requirement to be able to measure a certain number of cells, frequencies, evaluate a certain number of events etc. Typically, such requirements are numeric.
· Type 6 : Transmission power accuracy : An example of transmission power accuracy is random access power ramping, although this references to RF requirements eg for LTE The absolute power applied to the first preamble shall have an accuracy as specified in table 6.3.5.1.1-1 of TS 36.101[5]. The relative power applied to additional preambles shall have an accuracy as specified in table 6.3.5.2.1-1 of 36.101[5].
· Type 7 : Transmission timing requirements

· Type 8 : RLM requirements including Qin/Qout BLER and evaluation periods
·  Type 9 : Transmission timing difference requirements
· Type 10 : Accuracy requirements : Accuracy requirements specify an acceptable range within which measurement reports should fall (eg in dB, dBm etc). Typically accuracy requirements also have side conditions associated with them in terms of signal level, SINR etc, and the applicable accuracy requirement may depend eg on SINR.
We observe that several types of requirements could apply largely without modification, regardless if they are being considered for OTA or conducted. For instance, taking a type 3 (interruption without side condition) requirement, it seems fairly clear that the antenna subsystem itself should not significantly change the duration of an interruption. So, if the conducted interruption requirement is Xms for a certain scenario, it seems relatively straightforward to say that the same interruption requirement, Xms would apply OTA as well. Many requirements may be very similar in either their conducted or OTA forms. Type 2, 3, 4, 5, 7 8 and 9 requirements in the above list are likely to be very similar whether they are expressed as OTA or conducted requirements.
Proposal 1 : For requirements specifically related to beamforming, RAN4 should consider OTA methodology regardless of the band to which the requirement applies.

Proposal 2 : Further discussion / elaboration of exactly what is meant by “requirements specifically related to beamforming” is still needed under proposal 1.
Proposal 3 : It is proposed to study
· How to map between OTA and conducted side conditions (signal levels, SINR etc).
· How to map between OTA and conducted accuracy requirements
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