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1. Introduction
RAN4 via LS [1] to RAN1 and RAN5 identified the need for SS-RSRPB UE reporting requirement to support baseband testing. RAN4 further requested RAN5 to define the test loop and signaling associated with these reporting requirements. Proposed definition of SS-RSRPB is as follows
Table 1: Proposed definition of SS-RSRPB

	Definition
	SS reference signal received power per branch (SS-RSRPB) is defined as the linear average over the power contributions (in [W]) of the resource elements that carry secondary synchronization signals (SS). The measurement time resource(s) for SS-RSRPB are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.

For SS-RSRPB determination demodulation reference signals for physical broadcast channel (PBCH) and, if indicated by higher layers, CSI reference signals in addition to secondary synchronization signals may be used. SS-RSRPB using demodulation reference signal for PBCH or CSI reference signal shall be measured by linear averaging over the power contributions of the resource elements that carry corresponding reference signals taking into account power scaling for the reference signals as defined in 3GPP TS 38.213.

SS-RSRPB shall be measured only among the reference signals corresponding to SS/PBCH blocks with the same SS/PBCH block index and the same physical-layer cell identity. 

If higher-layers indicate certain SS/PBCH blocks for performing SS-RSRPB measurements, then SS-RSRPB is measured only from the indicated set of SS/PBCH block(s).

For frequency range 1, SS-RSRPB is not defined. For frequency range 2, SS-RSRPB shall be measured for each receiver branch based on the combined signal from antenna elements corresponding to the receiver branch.

	Applicable for
	RRC_CONNECTED intra-frequency


NOTE 1:
The number of resource elements within the measurement period that are used by the UE to determine SS-RSRPB is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

NOTE 2:
The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.

Also as per the LS, the signaling associated with reporting SS-RSRPB is to be in a format which allows the UE to report a vector of values, where the number of the reported values equals to the number of receiver branches on the UE
2. Discussion

For polarization MIMO scenario, the TRxP<>UE link need to be calibrated so that there is sufficient isolation between the UE receiver branches. Also the TRxP H/V polarization needs to be aligned with UE H/V. 
During link calibration, with RSRP per receiver branch reporting configured, DUT could be rotated till we get a position in which good isolation between the polarization is found.

RAN4 identified SS-RSRPB as a UE reporting measurement which can facilitate this. In order to implement the proposed SS-RSRPB UE measurement definition, RAN5 needs to define the signaling associated with this UE reporting requirement. One possible way to do this is to implement a special conformance test function. 
Details on how to implement the special conformance test function is provided as text proposal (in change marks) to TS 38.509 under section 5. 

3. Proposals
Proposal 1: Define a special conformance test function for SS-RSRPB UE reporting
Proposal 2: Endorse Text proposal in section 5 to be included in TS 38.509

4. References
[1]
R4-1801809: LS on UE measurements for demodulation test setup in FR2
[2]
TS 38.509

[3]
R5-181693 RAN5 mmWave Demod WF ppt
5. Text Proposal to be included in TS 38.509
UE special conformance test functions
The SS performs activation and deactivation of the conformance test functions in the UE by sending Security Protected NAS Layer 3 messages. Apart from sending the appropriate deactivation command to the UE the functions shall be deactivated by:


switching off the UE; or 


by removing the USIM.

The following special UE conformance testing functions can be activated (and deactivated):

-
UE test loop function;
-
UE beamlock function;
- 
UE SS-RSRPB reporting 
-
Electrical Man Machine Interface (EMMI).

The following Test Control (TC) procedures are used to control the UE test loop function:

-
Close UE test loop;

-
Open UE test loop.

No specific TC procedures are associated with EMMI.

Test Control protocol procedures and test loop operation
5.1
General

The UE test loop function provides access to isolated functions of the UE via the radio interface without introducing new physical interfaces just for the reason of conformance testing.

NOTE 1:
It should be emphasised that the UE test loop function only describes the functional behaviour of the UE with respect to its external interfaces; physical implementation of the UE test loop function is completely left open to the manufacturer.

The UE test loop function is activated by transmitting the appropriate TC message to the UE, see clause 6.

The UE test loop function can be operated in different loopback modes:

-
UE test loop mode A (FFS);

-
UE test loop mode B (FFS);
-
FFS
UE test loop mode A provides loopback of [FFS]

UE test loop mode B provides loopback of [FFS]

Support of ACTIVATE BEAMLOCK, ACTIVATE BEAMLOCK COMPLETE, DEACTIVATE BEAMLOCK and DEACTIVATE BEAMLOCK COMPLETE is mandatory for all NR UEs operating in frequency range 2 (FR2)
FFS

Figure 5.1-1 shows a functional block diagram of UE test loop function for TC entity and UE test loop mode A. The loopback functionality is specified in sub clause 5.4.3.1.
Figure to be included FFS

Figure 5.1-1: Model for Test Control and UE Test Loop Mode A on UE side for 5GS architecture option XYZ
Figure 5.1-2 shows a functional block diagram of UE test loop function for TC entity and UE test loop mode B. The loopback functionality is specified in sub clause 5.4.3.2.
Figure to be included FFS

Figure 5.1-2: Model for Test Control and UE Test Loop Mode B on UE side for 5GS architecture option XYZ
FFS
5.2
Security protection of test control messages
FFS
5.3
UE test mode procedures
5.3.1
General

The UE test mode procedures are intended for setting the UE into a test mode where the SS can set up data radio bearers (UE test loop mode A) or EPS bearers (UE test loop mode B) or  ... FFS

5.3.2
Activate UE test mode

Same as TS 36.509 [6], clause 5.3.2 with the exception where E-UTRA is mentioned the same applies for NR.
5.3.3
Deactivate UE test mode

Same as TS 36.509 [6], clause 5.3.3 with the exception where E-UTRA is mentioned the same applies for NR.5.4
UE test loop procedures

5.4.1
General

The UE test loop functions for 5GS are intended for:
-
NR receiver and transmitter testing to generate data transfer in downlink and uplink.

-
NR layer 2 (MAC, RLC, PDCP,SDAP) and data radio bearer testing to generate data transfer in downlink and uplink.

-
5GC and NR layer 3 testing to verify data transfer continuation over RRC and 5GC procedures.

-
5GC NAS user-plane testing to verify uplink TFT handling.
-
FFS
5.4.2
Close UE test loop

Same as TS 36.509 [6], clause 5.4.4 with the exceptions: 

-
applicable UE test modes for 5GS are specified in clause 6.2.1;
-
where E-UTRA is mentioned the same applies for NR; 

-
where EPS bearers are mentioned the same applies for 5GS QoS flows; and

-
test loop modes buffer sizes for NR are specified in Table 5.4.2-1.

Table 5.4.2-1: Minimum loopback buffer size for NR

FFS
5.5
UE Beamlock test mode activation/deactivation procedures
5.5.1
Activate Beamlock

5.5.1.1
General
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Figure 5.5.1.1-1: UE Beamlock test mode activation procedure
The SS uses the UE Beamlock test mode activation procedure to command the UE to lock the UE antenna pattern once it has formed a beam towards the base station direction following the cell identification procedure in preparation for subsequent test procedures. The beamlock activation procedure can apply to UE transmitter and UE receiver beams either simultaneously or independently.
5.5.1.2
Initiation

The SS requests the UE to activate beamlock by transmitting a ACTIVATE BEAMLOCK message.

5.5.1.3
Reception of ACTIVATE BEAMLOCK message by UE

When UE, operating in frequency range 2 (FR2), receives ACTIVATE BEAMLOCK message then the UE shall:
1>
if the UE is in RRC_CONNECTED state:

2>
lock the UE antenna pattern towards the base station and transmit ACTIVATE BEAMLOCK COMPLETE message;

5.5.1.4
Release of antenna beamlock by UE

UE shall release the beamlock:1>
[upon moving out of RRC_CONNECTED state]
5.5.2
Deactivate Beamlock

5.5.2.1
General
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Figure 5.5.2.1-1: UE Beamlock test mode deactivation procedure
The SS uses the UE Beamlock test mode deactivation procedure to command the UE to re-tracking the beam towards the base station direction. [The SS should initiate the beamlock deactivation procedure whenever exiting the RRC CONNECTED state or whenever a handover is to be initiated]. The beamlock deactivation procedure can apply to UE transmitter and UE receiver beams either simultaneously or independently.
5.5.2.2
Initiation

The SS requests the UE to deactivate beamlock by transmitting a DEACTIVATE BEAMLOCK message.

5.5.2.3
Reception of DEACTIVATE BEAMLOCK message by UE

When UE, operating in frequency range 2 (FR2), receives DEACTIVATE BEAMLOCK message then the UE shall:
1>
if the UE is in RRC_CONNECTED state:

2>
unlock the beam towards the base station and transmit ACTIVATE BEAMLOCK COMPLETE message;
5.6
UE SS-RSRPB per receiver branch reporting

5.6.1
SS-RSRPB report request

5.6.1.1
General
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Figure 5.6.1.1-1: UE SS-RSRPB reporting procedure
The SS uses the SS-RSRPB reporting procedure to command the UE to report SS-RSRP per UE receiver branch. The report from the UE shall be a vector of values, where the number of the reported values equals the number of receiver branches on the UE. 

5.6.1.2
Initiation

The SS requests the UE to start reporting SS-RSRP per receiver branch by transmitting a SS-RSRPB REPORT REQUEST message.

5.6.1.3
Reception of SS-RSRPB REPORT REQUEST message by UE

When UE, operating in frequency range 2 (FR2), receives SS-RSRPB REPORT REQUEST message then the UE shall:
1>
if the UE is in RRC_CONNECTED state:

2>
Report using the SS-RSRPB REPORT RESPONSE, a vector of values periodically for [X] instances, where the number of the reported values equals the number of receiver branches on the UE;
2> Periodicity and number of instances of sending the SS-RSRPB values is FFS

2> Details on how to signal the SSB index(s) for performing SS-RSRPB measurements is FFS 
Message definitions and contents
General

In this clause, only TC protocol messages are described. 

When UE under test is operated in EN-DC or NGEN-DC the TC messages are sent using the E-UTRA RRC DLInformationTransfer and ULInformationTransfer procedures, see TS 36.331 [10], sub clause 5.6.1 and 5.6.2.

When UE under test is operated in NR or NE-DC the TC messages are sent using the NR RRC [DLInformationTransfer] and [ULInformationTransfer] procedures, see TS 38.331 [11], sub clause [FFS] and [FFS].

NOTE 1:
A message received with skip indicator different from 0 will be ignored.

NOTE 2:
For general definition of Layer 3 message format see TS 24.007 [7], clause 11.

NOTE 3:
5GS use the same protocol discriminator value ("1111") as E-UTRA, UTRA and GSM/GPRS as specified in TS 24.007 [7], clause 11.2.3.1.1. 5GS test control messages the message type value series 1010xxxx is reserved, where x represents 0 or 1. The message type values 0000xxxx to 1001xxxx are reserved to E-UTRA, UTRA and GSM/GPRS as specified in TS 36.509 [6], TS 34.109 [8] and TS 44.014 [9]. For 5GS test control messages that are common with E-UTRA control messages in TS 36.509 [6] the 5GS test control messages use the same message type values as used for the E-UTRA test control messages in TS 36.509 [6].
5.1. 6.2
Test mode messages
6.2.1
ACTIVATE TEST MODE

Same as TS 36.509 [6], clause 6.5.
6.2.2
ACTIVATE TEST MODE COMPLETE

Same as TS 36.509 [6], clause 6.6.
6.2.3
DEACTIVATE TEST MODE

Same as TS 36.509 [6], clause 6.7.
6.2.4
DEACTIVATE TEST MODE COMPLETE

Same as TS 36.509 [6], clause 6.8.
5.2. 6.3
Test loop messages
6.3.1
CLOSE UE TEST LOOP

Same as TS 36.509 [6], clause 6.1 with the following exception:

-
The supported test modes for 5GS are limited to:

-
UE TEST LOOP MODE A

-
UE TEST LOOP MODE B

-
FFS
6.3.2
CLOSE UE TEST LOOP COMPLETE

Same as TS 36.509 [6], clause 6.2.
6.3.3
OPEN UE TEST LOOP

Same as [9] TS 36.509, clause 6.3.
6.3.4
OPEN UE TEST LOOP COMPLETE

Same as [9] TS 36.509, clause 6.4.
5.3. 6.4
Beamlock messages

6.4.1
ACTIVATE BEAMLOCK

FFS

This message is only sent in the direction SS to UE.

	Information Element
	Reference
	Presence
	Format
	Length

	Protocol discriminator
	
	M
	V
	½

	Skip indicator
	
	M
	V
	½

	Message type
	
	M
	V
	1


where message type is:

	8
	7
	6
	5
	4
	3
	2
	1
	bit no.

	
	
	
	
	
	
	
	
	octet 1


6.4.2
ACTIVATE BEAMLOCK COMPLETE

FFS

This message is only sent in the direction UE to SS.

	Information Element
	Reference
	Presence
	Format
	Length

	Protocol discriminator
	
	M
	V
	½

	Skip indicator
	
	M
	V
	½

	Message type
	
	M
	V
	1


where message type is:

	8
	7
	6
	5
	4
	3
	2
	1
	bit no.

	
	
	
	
	
	
	
	
	octet 1


FFS

6.4.3
DEACTIVATE BEAMLOCK

FFS

This message is only sent in the direction SS to UE.

	Information Element
	Reference
	Presence
	Format
	Length

	Protocol discriminator
	
	M
	V
	½

	Skip indicator
	
	M
	V
	½

	Message type
	
	M
	V
	1


where message type is:

	8
	7
	6
	5
	4
	3
	2
	1
	bit no.

	
	
	
	
	
	
	
	
	octet 1


6.4.4
DEACTIVATE BEAMLOCK COMPLETE

FFS

This message is only sent in the direction UE to SS.

	Information Element
	Reference
	Presence
	Format
	Length

	Protocol discriminator
	
	M
	V
	½

	Skip indicator
	
	M
	V
	½

	Message type
	
	M
	V
	1


where message type is:

	8
	7
	6
	5
	4
	3
	2
	1
	bit no.

	
	
	
	
	
	
	
	
	octet 1


5.4. 6.5
UE SS-RSRP per receiver branch reporting messages

6.5.1
SS-RSRPB report request
This message is only sent in the direction SS to UE.

	Information Element
	Reference
	Presence
	Format
	Length

	Protocol discriminator
	
	M
	V
	½

	Skip indicator
	
	M
	V
	½

	Message type
	
	M
	V
	1

	SS-RSRPB report request param
	
	M
	V
	1


where message type is:

	8
	7
	6
	5
	4
	3
	2
	1
	bit no.

	
	
	
	
	
	
	
	
	octet 1


where SS-RSRPB report request param is:

	8
	7
	6
	5
	4
	3
	2
	1
	bit no.

	
	
	
	
	
	
	
	
	octet 1


6.5.2
SS-RSRPB report response
This message is only sent in the direction UE to SS.

	Information Element
	Reference
	Presence
	Format
	Length

	Protocol discriminator
	
	M
	V
	½

	Skip indicator
	
	M
	V
	½

	Message type
	
	M
	V
	1

	SS-RSRPB report response param
	
	M
	V
	1


where message type is:

	8
	7
	6
	5
	4
	3
	2
	1
	bit no.

	
	
	
	
	
	
	
	
	octet 1


where SS-RSRPB report response param is:

	8
	7
	6
	5
	4
	3
	2
	1
	bit no.

	
	
	
	
	
	
	
	
	octet 1
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