3GPP TSG-RAN WG5 Meeting #77			                              R5-176996
Reno, NV (USA), 27th Nov – 1st Dec 2017

Agenda item: 5.3.20.15
Source:	Keysight Technologies
Title:	Discussion on the addition of UE beamlock function in 38.509 and its scope
Document for: Discussion and Decision
Introduction
This paper discusses the addition of a special conformance test function in TS 38.509 and the scope of this function. 
As per the LS [3], received from RAN4, all UEs supporting NR and operating in frequency range 2 (FR2) are required to support a mandatory antenna beamlock function called the UE beamlock function (UBF).
Following the cell identification procedure, the UE is expected to form a beam in the direction of the base station direction. In normal operation, the UE is then expected to track the direction of the base station signal due to changes in UE orientation or the spatial properties of the channel. UBF forces the UE not to do this tracking once the beam has been formed.
The goal of defining UBF at this stage is to allow including it in initial ASN.1 release as well as identify any issues as early as possible. 
Discussion
UBF definition dependency on UE requirements using it
The primary advantage of UE beamlock conformance testing function is that it will enable simplifiedtest methods for some UE conformance tests. For example, it will enable off-axis measurements to be made with the simplified single probe UE RF baseline test method defined for the centre of beam measurement in subclause 10.2.2.2 of [2]. Without this feature, off-axis measurements for requirements like TRP would require a two-probe spherical system with a diameter of twice the far field distance which has been agreed will be calculated from the maximum DUT size.

At RAN4 level, it has been discussed that this UBF will be at least applicable to off-axis measurements of the UE when the link direction is no longer to be used for UE beamforming, e.g. those UE RF requirements based on TRP metric (refer to [2] table 6.2.1-1). 

Use of UBF in other cases different from off-axis measurements is not precluded:
· This UBF could also be used in boresight measurements (EIRP or EIS) to get more stable measurements results: the test after the TE finds the beam that should be frozen, it tells the UE to freeze the beam, proceeds with the actual test and then un-freezes the beam.
· Applicability to demodulation or RRM tests could be evaluated once core requirements are defined (e.g. measurement of UE Rx antenna patterns using a single probe anechoic chamber. Such patterns are necessary to enable the RTS test method for demodulation testing,..)
· Applicability to signalling tests should also be evaluated as a potential tool to achieve a reliable test environment
Anyways, current understanding is that UBF applicability should not impact UBF definition if it is done with the narrowest scope, i.e.:
· No relation with other potential test functions.
· Only applicable to RRC CONNECTED state as described in [3]
· A function with no memory.


Need of a test USIM for UBF

UBF is meant to be a special conformance test function as this functionality is not supposed to be used in normal/real operation.

Proposal 1: Make 38.509 section 4 applicable to UE beamlock function (no additional changes required)
UBF messages
The first issue to be discussed when defining UBF messages is whether this is a functionality that needs to be either activated and deactivated or only activated and then automatically deactivated by the UE under certain conditions (e.g. when exiting RRC CONNECTED state). On one hand, it is thought that having the deactivation function could be useful for certain scenarios not implying releasing the RRC connection (e.g. rotating the device to perform a CDF measurement covering the whole sphere, doing statistical measurements or using UBF under fading conditions, etc). On the other hand, to simplify conformance test function implementation on UE side, it seems simpler for the UE to just respond to SS commands.

Proposal 2: Define either activation as well as deactivation UBF procedures in 38.509 section 5 and update 38.509 section 4 accordingly:
The following special UE conformance testing functions can be activated (and deactivated):
-	UE test loop function;
-	UE beamlock function;
-	Electrical Man Machine Interface (EMMI).

Additionally, there is a SS need to ensure that UE has successfully activated/deactivated the UBF in order to avoid incorrect measurements. So, it seems a good approach to have confirmation messages from the UE for either the activation as well as for the deactivation UBF messages. Hence 4 messages in total should be defined. Proposed naming for these 4 messages could be: ACTIVATE BEAMLOCK, ACTIVATE BEAMLOCK COMPLETE, DEACTIVATE BEAMLOCK and DEACTIVATE BEAMLOCK COMPLETE.

Proposal 3: Define 4 UBF messages into 38.509 section 6: ACTIVATE BEAMLOCK, ACTIVATE BEAMLOCK COMPLETE, DEACTIVATE BEAMLOCK and DEACTIVATE BEAMLOCK COMPLETE.

RRC states where UBF is applicable
According to [3], UBF only applies to RRC CONNECTED mode (once UE has already formed the beam towards the gNodeB). Hence UBF needs to be disabled for all exits from RRC CONNECTED state. If it is activated/deactivated by SS outside RRC CONNECTED state, UE should ignore the request. For simplicity, it is also recommended to deactivate UBF before initiating a handover to another cell.

Proposal 4: In 38.509 test procedure description for either activation or deactivation of the UBF (section 5) should explicitly indicate when beamlock messages are sent and when they should be ignored.

Protocol discriminator applicable to UBF messages
As a side note for specification of UBF conformance test function (or any other function in TS 38.509), the applicability of 24.007 [4] to NR L3 messages needs to be clarified. It somehow sounds reasonable that it is but, so far, no Rel-15 have been generated by CT1. At least the definition of protocol discriminator, specified in TS 24.007 Table 11.2, needs to be expanded to include test functions that would be specified in 38.509 in its Rel-15 version. Or perhaps another specification which would replace 24.007 for 5G needs to have this. It is recommended to send an LS to CT1 to ask for clarification regarding the protocol discriminator field expansion for 38.509.

Proposal 5: Draft UBF messages in 38.509 following same approach based in generic L3 messages defined in 24.007 for LTE 
	Proposal 5a: UBF messages definition over LTE link in NSA mode is FFS.
Proposal 6: Defer the definition of messages type values till at least minimum set of test functions is defined (Test mode, close loop,…).
[bookmark: _Hlk499682273]Simultaneous Tx/Rx UBF vs independent Tx/Rx UBF
Whether UBF applies to UE Tx and/or Rx beams is another aspect to be discussed. At this stage for all RF core requirements it seems that there is no need to decouple the UE beamlock function for either transmitter and receiver beams (as even in the case of interferers reception it is being considered that the interferer and the wanted signal have the same Angle Of Arrival (AoA)). Whether it is needed to define new UBF test functions for only TX or Rx beams is for FFS.
Proposal 7: Explicitly state in 38.509 that UBF messages can apply either simultaneously or independently to Tx and Rx UE beams
UBF Applicability to frequency ranges 1 and/or 2
At this stage, it is considered that UBF only applies to frequency range 2. Applicability to frequency range 1 is for further study.

Proposal 8: Clearly describe in 38.509 section 5.1 that UBF only applies to frequency range 2.
Proposal
It is proposed to add a special conformance function in TS 38.509 and the following proposal have been made:
Proposal 1: Make 38.509 section 4 applicable to UE beamlock function (no additional changes required)
Proposal 2: Define either activation as well as deactivation UBF procedures in 38.509 section 5 and update 38.509 section 4 accordingly.
Proposal 3: Define 4 UBF messages into 38.509 section 6: ACTIVATE BEAMLOCK, ACTIVATE BEAMLOCK COMPLETE, DEACTIVATE BEAMLOCK and DEACTIVATE BEAMLOCK COMPLETE.
Proposal 4: In 38.509 test procedure description for either activation or deactivation of the UBF (section 5) should explicitly indicate when beamlock messages are sent and when they should be ignored.
Proposal 5: Draft UBF messages in 38.509 following same approach based in generic L3 messages defined in 24.007 for LTE 
Proposal 5a: UBF messages definition over LTE link in NSA mode is FFS
Proposal 6: Defer the definition of messages type values till at least minimum set of test functions is defined.
Proposal 7: Explicitly state in 38.509 that UBF messages can apply either simultaneously or independently to Tx and Rx UE beams.
Proposal 8: Clearly describe in 38.509 section 5.1 that UBF only applies to frequency range 2.

All above proposals have been included in a draft text proposal in [5].
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