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1.
Introduction

The need for special conformance test functions in the UE was discussed at the RAN5#39-BIS meeting 24-26 June 2008 in Paris in R5-082056 [1] and R5-082063 [2]. The documents described requirements on UE specific test functions to achieve the test purposes in RAN5 test cases and discuss possible solutions to meet them. 

The purpose of this document is to further detail the proposal in [1] and provide a text proposal for TS 36.509 [3]. The text proposal is attached at the end of this document.

2.
Discussion

To simplify UE implementation of the UE test loop functionality some limitation to the functionality as presented in [1] has been introduced in this document. The scope of the text proposal for [3] is summarised below.

2.1
Proposed UE test loop modes

It is proposed to introduce the following UE test loop modes for E-UTRA UE in TS 36.509 [3]:

-
UE test loop mode A – Loopback of RLC and PDCP SDUs

-
UE test loop mode B – Loopback of IP PDUs 

It is proposed to denote the UE test loop modes as A and B to avoid confusion with UE test loop modes 1 and 2 of UTRA test loops as specified in TS 34.109 [4]. 
UE test loop mode A is only applicable for E-UTRA testing. 

UE test loop mode B provides loopback of IP PDUs in E-UTRA, UTRA, GSM/GPRS and CDMA2000. Internet Protocol PDU (IP PDU) has been used as the generic name for the PDU carrying IP Packets independent of the radio access technology. A IP PDU corresponds to a PDCP SDU for E-UTRA and UTRA, a SNDCP SDU for GSM/GPRS and a RLP SDU for CDMA2000.  

To avoid unnecessary complexity in multi-RAT UEs then the functionality of UE test loop functionality for IP PDUs in UTRA, GSM/GPRS and CDMA2000 has been limited, see below for more details.

2.1.1
Test Control (TC)

In the same way as for UTRA [4] there is a need to have an entity in the UE to control the UE test loop functionality over the radio interface. For this purpose it is proposed to introduce the Test Control (TC) entity in TS 36.509 [3].

To avoid unnecessary complexity for E-UTRA UE supporting other radio access technologies then it is proposed that the TC protocol is only specified for E-UTRA UE operating in E-UTRA mode. This means that SS always will activate (and deactivate) the UE test loop while in E-UTRA mode. 

2.1.1
UE test loop mode A

UE test loop mode A provides the same functionality as UE test loop mode 1 in TS 34.109 [4], i.e. loopback of RLC or PDCP SDUs for one or more bidirectional radio bearers, SS can control RLC SDU size etc. No additional functionality is proposed for UE test loop mode A compared to UE test loop mode 1 in [4].

Figure 2.1.1-1 shows the functional block diagram for UE test loop mode A.
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Figure 2.1.1-1: Model for Test Control and UE Test Loop Mode A on the UE side for E-UTRA.

2.1.2
UE test loop mode B

To enable testing of data continuity for inter-RAT test scenarios then it is proposed that UE test loop mode B in addition to loopback of IP PDUs in E-UTRA mode also provides loopback functionality of IP PDUs for E-UTRA UE operating in UTRA, GSM/GPRS and CDMA2000 modes. 

UE test loop mode B differs from UE test loop mode A by:

· Loopback of IP PDUs (PDCP SDUs for E-UTRA and UTRA, SNDCP SDUs for GSM/GPRS and RLP SDUs for CDMA2000;
· Limited to one loopback entity;

· No scaling of returned IP PDUs (i.e. returning same IP PDU in uplink as received in downlink); 
· SS controlled delay of returning IP PDUs in uplink.

· For E-UTRA the loopback point is above the UE function handling the mapping of IP PDUs/Service Data Flows to EPS bearers/Radio bearers in UL based on the received UL TFT (Transport Format Template) in the ACTIVATE DEDICATED EPS BEARER CONTEXT REQUEST message. See TS 23.401 [5] section 4.7.2.2 for more details.

Figure 2.1.2-1 shows the functional block diagram for UE test loop mode B and E-UTRA operation.

Figure 2.1.2-2 shows the functional block diagram for UE test loop mode B and UTRA operation.

Figure 2.1.2-3 shows the functional block diagram for UE test loop mode B and GSM/GPRS operation.

Figure 2.1.2-4 shows the functional block diagram for UE test loop mode B and CDMA operation.
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Figure 2.1.2-1: Model for Test Control and UE Test Loop Mode B on UE side for E-UTRA.
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Figure 2.1.2-2: Model for UE Test Loop on UE side for UTRA.
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Figure 2.1.2-3: Model for UE Test Loop Mode B on UE side for GSM/GPRS.
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Figure 2.1.2-4: Model for UE Test Loop Mode B on UE side for CDMA2000.

2.1.2.1
Operation of delay of IP PDUs for UE test loop mode B

For testing UE initiated data in different test scenarios (E-UTRA or inter-RAT) then it is proposed to specify a delay function for returning IP PDUs. To simplify UE implementations it is proposed that the delay function only operates on delaying the start of returning the first IP PDU and not on IP PDU level (i.e. no individual timers for each received IP PDUs is needed). 

Example of operation of the delay function: 

1.
With UE in E-UTRA mode the SS activates UE test loop mode B configuring a delay of returning IP packets.  Delay value is set depending on test scenario.

2.
SS sends first IP packet in downlink. The UE test loop mode B loopback entity starts the timer T=SS configured delay time.

3.
SS sends additional IP packets as required by the test scenario. UE buffers the received IP packets in the UE test loop mode B loopback entity as long as the timer T is running (limitations on size and number of IP packets need to be specified in [3])

4.
SS performs the intra system or inter-RAT procedure.

5.
When timer T expires then the UE returns the buffered IP packets (first in first out principle).

6.
…test procedure continues to verify the UE behaviour.

Reset of the delay timer is limited to the activation of UE test loop mode B, i.e. no additional TC message to reset the delay timer is proposed. Multiple occasions for delaying loopback of IP PDUs in a test case can be achieved by deactivating and re-activating the UE test loop Mode B in the test sequence. 

3.
Proposal

It is proposed that RAN5 include test loops as described in this document and include the text proposal as provided by this document into next version of [3].
As agreed at the RAN5#40 meeting then the details for UE test loop mode B should be left out for further discussion until RAN5#40-BIS meeting. Thus is the included text proposal in this document limited to the specification of UE test loop mode A.
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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

UE Test Loop functionality is a mandatory feature to support LTE conformance testing. It forms part of the core requirements and thus has a direct impact on the design of User Equipment (UE) for E-UTRAN networks. 
The test methods applied in RF Conformance Test Specification TS 36.521-1 [27] and the test models used in Protocol Conformance Test Specifications TS 36.523-1 [29] and TS 36.523-3 [31] actually define the corresponding UE Test Loop functionality. The following specification describes the location of the data loop in the protocol stack as well as the procedure and specific messages to activate the Test Loop functionality in the UE.
1
Scope

The present document defines for User Equipment (UE), in both E-UTRA FDD and TDD mode, those special functions and their activation methods that are required in User Equipment (UE) for conformance testing purposes.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TS 23.003: "Numbering, Addressing and Identification".

[3]
3GPP TS 23.122: "Non-Access-Stratum functions related to Mobile Station (MS) in idle mode".

[4]
3GPP TS 23.401: "3GPP System Architecture Evolution; GPRS enhancements for E-UTRAN access".

[5]
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[6]
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[9]
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3GPP TS 36.211: "Physical Channels and Modulation".
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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] apply, unless specified below:

UE (User Equipment): user equipment that is under test.

SS (System Simulator): test system (or equipment) that drives the test process between UE, like eNB (evolved Node B) simulator.

User: test user, who handles the test and measurement process via the logical test interface.

Logical Test Interface: interface which provides the logical service to interwork and to communicate between UE and System Simulator during the test of a UE.

TC (Test Control): UE protocol entity used by the SS to control the UE specific testing functions.
3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations specified in TR 21.905 [1] apply, with any additional abbreviations specified below:

E-UTRA
Evolved Universal Terrestrial Radio Access

E-UTRAN
Evolved Universal Terrestrial Radio Access Network

ENB
Evolved Node B

EPS
Evolved Packet System

FDD
Frequency Division Duplex
FFS
For Further Study
GERAN
GSM/EDGE Radio Access Network
GSM
Global System for Mobile Communications
IETF
Internet Engineering Task Force

LB
Loop Back

MAC
Media Access Control

NAS
Non Access Stratum

PDCP
Packet Data Convergence Protocol

RAB
Radio Access Bearer

RB
Radio Bearer

RLC
Radio Link Control
RMC
Reference Measurement Channel

ROHC 
RObust Header Compression 
RRC
Radio Resource Control

SAPI
Service Access Point Indicator
SS
System Simulator

TC
Test Control

UE
User Equipment
UICC
UMTS Integrated Circuit Card

UMTS
Universal Mobile Telecommunications System

USIM
Universal Subscriber Identity Module

UTRA
UMTS Terrestrial Radio Access

UTRAN
UMTS Terrestrial Radio Access Network

4
UE special conformance test functions
4.1
General description
The SS performs activation and deactivation of the conformance test functions in the UE by sending standard NAS Layer 3 messages. Apart from sending the appropriate deactivation command to the UE the functions shall be deactivated by switching off the UE.

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

-
UE test loop function.
The following TC procedures are used to control the UE test loop function:

-
Close UE test loop;

-
Open UE test loop.
5
Test Control (TC) protocol procedures and test loop operation

5.1
General description

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:
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 Test Control (TC) message to the UE, see clause 6. 
For the purposes of this specification only, the following definitions are used:

Bidirectional Radio Bearer:

FFS

Editor’s note:
For UTRA the definition was: “If the "RB mapping info" information element ([5] subclause 10.3.4.21) for the currently active configuration of a radio bearer includes mappings to both uplink and downlink transport channels then this radio bearer is defined to be a bidirectional radio bearer.”
Unidirectional Radio Bearer:
FFS
Editor’s note:
For UTRA the definition was: “If the "RB mapping info" information element ([5] subclause 10.3.4.21)  for the currently active configuration of a radio bearer includes mappings to only uplink or downlink transport channels then this radio bearer is defined to be a unidirectional radio bearer.”and with the note “NOTE:
This definition of unidirectional radio bearer is only applicable to RLC Unacknowledged Mode, in this version of the specification.”.
The UE test loop function can be operated in [TBD] different loopback modes:

-
UE test loop mode A; and
-
FFS
Editor’s note:
It is FFS if additional test loop is needed for testing data continuation scenarios with UE initiated data and UE behaviour for IP packet filtering based on Uplink Traffic Flow Template (UL TFT).
UE test loop mode A provides loopback of data for bidirectional radio bearers. 
UE test loop mode A is mandatory to all E-UTRA UEs.
Figure 5.1-1 shows a functional block diagram of UE test loop function for Test Control (TC) entity and UE test loop mode A. The loopback of PDCP SDUs for UE test loop mode A is specified in subclause 5.3.2.6.1 

NOTE:
ROHC functionality in PDCP Layer 2 is optional for UE implementations.
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Figure 5.1-1: Model for Test Control and UE Test Loop Mode A on UE side for E-UTRA.
5.1
UE radio bearer test mode procedures

Editor’s note:
The UE radio bearer test mode procedure is FFS. 
5.3

UE test loop procedures
5.3.1
General

The UE test loop function is intended for:

-
E-UTRA RF receiver and transmitter testing to generate data transfer in downlink and uplink.
-
E-UTRA layer 2 (MAC, RLC, PDCP) and radio bearer testing to generate data transfer in downlink and uplink.

-
EPC and E-UTRA layer 3 testing to verify data transfer continuation over RRC and EPC procedures.
5.3.2
Close UE test loop
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Figure 5.3.2-1: Close UE test loop procedure

5.3.2.1
General

The SS uses the close UE test loop procedure to start the UE Test Loop function in the UE while in E-UTRA mode. A prerequisite for UE test loop mode A is that at least one bidirectional user plane radio bearer has been established between SS and UE. 

The UE shall provide for normal layer 1, layer 2, RRC, EMM and ESM functionality while the UE test loop function is active. This includes (but is not limited to) handover procedures and normal disconnection of the radio bearer. The loopback shall be maintained across handovers, but after radio bearer disconnection, the loopback shall cease to exist.

5.3.2.2
Initiation

The SS can request the UE to close a test loop in mode A if at least one bidirectional user plane radio bearer is established and the UE radio bearer test mode is active.
Editor’s note: The UE radio bearer test mode procedure is FFS.  
The SS requests the UE to close its radio bearer test loop by transmitting a CLOSE UE TEST LOOP message. The SS then starts timer TT01.

5.3.2.3
Reception of CLOSE UE TEST LOOP message by the UE

When receiving the CLOSE UE TEST LOOP message the UE shall:
-
if UE test loop mode A has been selected; 
-
if no user plane bidirectional radio bearers are established [or if the UE radio bearer test mode is not active]:

- 
ignore any CLOSE UE TEST LOOP message.
-
otherwise if the test loop is already closed on one or more user plane radio bearers:

-
send CLOSE UE TEST LOOP COMPLETE message.
-
otherwise: 
-
close the test loop on all user plane bidirectional radio bearers; 
-
activate the loopback; and
-
send CLOSE UE TEST LOOP COMPLETE message (the loopback shall be operational prior to the sending of the acknowledgement). 

Editor’s note:
It is FFS if the UE shall be able to reconfigure the UE test loop function upon reception of additional CLOSE UE TEST LOOP messages while the test loop is closed or only respond without reading the  content of the message.
5.3.2.4
Reception of CLOSE UE TEST LOOP COMPLETE message by the SS

When receiving the CLOSE UE TEST LOOP COMPLETE message the SS shall:

-
stop timer TT01;
- 
consider the procedure completed 
5.3.2.5
TT01 timeout

When TT01 expires the SS shall: 
-
indicate this to the test case;
- 
consider the procedure completed.

5.3.2.6
UE test loop mode A operation
Editor’s note: It is FFS if this section should be revised to be aligned to how data transfer is specified in E-UTRA Layer core specification.
5.3.2.6.1
UE test loop mode A operation for UE in E-UTRA
If the configuration of a user plane radio bearer with a closed UE test loop mode A use non-transparent PDCP protocol layer, then the loop back scheme according to subclause 5.3.2.6.1 shall be performed by the UE for that radio bearer.

If transparent PDCP is configured for a user plane radio bearer with a closed UE test loop mode A then the loop back scheme according to subclause 5.3.2.6.2 shall be performed by the UE for that radio bearer.

5.3.2.6.1
Loopback of PDCP SDUs

If UE test loop mode A has been closed on a user plane radio bearer and the setup of that radio bearer  includes configuration of non-transparent PDCP, then the following loop back scheme shall be performed by the UE.

After the UE has closed UE test loop mode A on a user plane radio bearer, every PDCP SDU received by the UE on that radio bearer (downlink) shall be taken from the output of the PDCP service access point (SAP) and be input to the correspondent PDCP SAP and transmitted (uplink).

The UE shall provide for normal PDCP operation.

The PDCP loopback operation is illustrated in figure 5.3.2.6.1.1.
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Figure 5.3.2.6.1.1: Loop back of PDCP SDU
(DL RLC SDU size = UL RLC SDU size = N)
5.3.2.6.2
Loopback of RLC SDUs

If UE test loop mode A has been closed on a user plane radio bearer and the setup of that radio bearer use transparent PDCP protocol layer then the following loop back scheme shall be performed by the UE.

After the UE has closed UE test loop mode A on a user plane radio bearer, every user data block received by the UE on that radio bearer (downlink) shall be taken from the output of the RLC service access point (SAP) and be input to the correspondent RLC SAP and transmitted (uplink). The UE reads the UL RLC SDU size parameter from the ["LB Setup RB IE#k"] parameter associated with that radio bearer, see subclause 6.2.

If no ["LB Setup RB IE#k"] parameter is associated with that radio bearer then the UE shall use the same UL RLC SDU size as the received DL RLC SDU.

Editor’s note:
["LB Setup RB IE#k"] refers to details of parameter in CLOSE UE TEST LOOP message that is FFS in subclause 6.2.
For the case when the "UL RLC SDU size" parameter is set to "0" no data shall be returned.

For the case when the "UL RLC SDU size" parameter is set to the same value as the down link (DL) RLC SDU block size then the complete user data block shall be returned, see figure 5.3.2.6.2.1.
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Figure 5.3.2.6.2.1: DL and UL RLC SDU block size equal
(DL RLC SDU size = UL RLC SDU size = N)

For the case when the "UL RLC SDU size" parameter is set to a value less than the down link (DL) RLC SDU block size then the UE shall return the first K bits of the received block, where K is the UL block size, see figure 5.3.2.6.2.2.
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Figure 5.3.2.6.2.2: DL > UL RLC SDU block size
(DL RLC SDU size = N, UL RLC SDU size = K)

For the case when the "UL RLC SDU size" parameter is set to a value bigger than the down link (DL) RLC SDU block size then the UE shall pad the UL send block by repeating the received data block until the UL send block has been filled (truncating the last block if necessary), see figure 5.3.2.6.2.3.
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Figure 5.3.2.6.2.3: DL < UL RLC SDU block size 
(DL RLC SDU size = N, UL RLC SDU size = 2*N + K)

For the case of loopback of data from DL HS-DSCH to UL E-DPDCH the following applies:

-
For RLC unacknowledged mode, when the UL RLC SDU block does not fit in the Transmission buffer, the UE shall discard the UL RLC SDU block. The UE shall perform the discard either by the loopback entity or by the UM RLC entity as described in [19] subclause 9.7.3.5.

-
For RLC unacknowledged mode the minimum total RLC UM buffer size supported by the UE shall be [10 kbytes]. See note 2.

NOTE 1:
The minimum total RLC UM buffer size and the RLC SDU discard functionality has been specified to enable E-DCH RF performance testing.

NOTE 2:
The value for minimum total RLC UM buffer size is preliminary set to 10kByte. The value is for further study to secure that the required buffer size is enough to cover all E-DCH RF testing scenarios and UE E-DCH categories.  

5.3.2.9
Loopback delay requirement
Editor’s note
The loopback delay requirement is FFS. It is expected that the requirement will not be more stringent than it was for UTRA in TS 34.109.
5.3.3
Open UE test loop
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Figure 5.3.3.1: Open UE test loop procedure

5.3.3.1
General

The SS uses the procedure open UE test loop to deactivate the UE test loop function in the UE.

5.3.3.2
Initiation

The SS requests the UE to open all closed radio bearer test loops by transmitting an OPEN_UE_TEST _LOOP_CMD message. The SS then starts timer TT01.

5.3.3.3
Reception of OPEN UE TEST LOOP message by the UE

When UE receives the OPEN UE TEST LOOP message the UE shall:

-
If no bidirectional user plane radio bearers are established in UE Test loop mode A:

-
ignore the message;

-
otherwise if one or more user plane radio bearer test loops are closed:

-
open all test loops;

-
send OPEN UE TEST LOOP COMPLETE message;
-
otherwise (test loops already opened):
-
send OPEN UE TEST LOOP COMPLETE message.
5.3.3.4
Reception of OPEN UE TEST LOOP COMPLETE by the SS

Wne receiving the OPEN UE TEST LOOP COMPLETE message the SS shall:

-
stops timer TT01;
- 
consider the procedure completed.
5.3.3.5
TT01 timeout

If TT01 expires, then the SS shall indicate this to the test case. The procedure is then completed.
6
Message definitions and contents
FFS

Editor’s note:
The same type of messages as used to activate UE test loop mode 1 in TS 34.109 for UTRA will be included in this sections 
6.1
Timer values

TT01: Recommended value: 2.5 seconds.

6.2
CLOSE UE TEST LOOP

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

6.3
CLOSE UE TEST LOOP COMPLETE

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

6.4
OPEN UE TEST LOOP

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

6.5
OPEN UE TEST LOOP COMPLETE

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

6.6
ACTIVATE RB TEST MODE

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

Editor’s note:
It is FFS if UE Radio bearer test mode procedure is needed for E-UTRA testing.
6.7
ACTIVATE RB TEST MODE COMPLETE

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

Editor’s note:
It is FFS if UE Radio bearer test mode procedure is needed for E-UTRA testing.
6.8
DEACTIVATE RB TEST MODE

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

Editor’s note:
It is FFS if UE Radio bearer test mode procedure is needed for E-UTRA testing.
6.9
DEACTIVATE RB TEST MODE COMPLETE

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

Editor’s note:
It is FFS if UE Radio bearer test mode procedure is needed for E-UTRA testing.
6.10
RESET UE POSITIONING STORED INFORMATION

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

Editor’s note:
It is FFS if procedure for reset of UE positioning stored information will be included.
7
Variables and constants
Annex A (informative):
UE test loop use scenarios
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