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1 Introduction

The need for special conformance test functions in the UE was discussed at the RAN5 LTE workshop in Sophia Antipolis 9th – 11th of April 2008 in R5w080052 [1] and R5w080005 [2]. At the RAN5#39 meeting there was identified a need for generating mobile originated data (in connection to the discussion of combined procedure test cases in [6]).
The purpose of this document is to further analyse the need for LTE UE test loops and to propose the way forward in specifying them in 36.509 [3].

2 Discussion
2.1 Current status

At the RAN5-RF LTE workshop 9th to 11th of April 2008 the documents R5w080052 [1] and R5w080005 [2] was discussed. The outcome of the discussion was summarised by the report from the meeting in R5-081041 [4] as:

R5w080052: LOOP back requirements for RF testing
Document was presented and discussed.

This document highlighted the loopback requirements for RF testing.

To summarize, for RF testing the following was agreed:

“Loop 1”: is needed for LTE-RF testing. This loop will be used to generate uplink data for TX test cases. The proposal on test loop from TTCN point of view (R5w080005) will meet the RF requirements for this type of data loopback.

“Loop 2”: is not needed for LTE-RF testing.

“Loop 3”: might be needed for MBMS reception performance or for BCH testing if desired. This is FFS.

“Loop 4”: “No loop, indirect feedback” is needed for RX receiver testing. The proposal on test loop from TTCN point of view (R5w080005) will meet the RF requirements for this type of data loopback

R5w080005: Test loop requirements - view from TTCN test model
Document was presented and discussed in the Joint session.

In principle it was agreed to have single test loop above PDCP in the UE. This loop type should meet requirements for RF testing.

The reference to loopback mode 1 to 3 refers to UE test loop modes 1 to 3 as specified in TS 34.109 [5]
2.2 Requirements on UE test loops for LTE/SAE test cases
2.2.1 RF Rx, Tx testing

RF receiver and transmitter testing will as concluded in [1] and [4] require loopback of data. For the RF downlink throughput tests those are using loopback as a mean to terminate data in the UE (no data is necessarily returned, ACK/NACK is use to verify the performance). Loopback of PDCP SDUs will fulfil the loopback requirements for this kind of tests. This correspondent to UE test loop mode 1 in TS 36.109 [5].

2.2.2 RF BCH testing

Test coverage for performance testing of BCH could be improved in E-UTRA compared to UTRA by defining a test function in the UE for counting successful received RLC SDUs in DL on the control channels. This correspondent to the functionality as specified for UE test loop mode 3 in TS 36.109 [5], but expanded to BCH (E-MBMS will also need this functionality, but E-MBMS has been moved from Rel-8 to Rel-9 for LTE).
2.2.3 Layer 2 and radio bearer testing
The requirement of the UE test loop for MAC, RLC, PDCP and radio bearer testing will be the same for E-UTRA as for UTRA, i.e. functionality correspondent to what is provided by UE test loop mode 1 in TS 36.109 [5] will be required. For the requirements on the SS then see [2].

2.2.4 RRC Intra-system test scenarios testing 
To increase test coverage for verifying data transfer continuation over RRC test procedures then for the Intra-system cases the same requirements on the loopback as for Layer 2 and radio bearer testing applies, i.e. functionality correspondent to what is provided by UE test loop mode 1 in TS 34.109 [5] will be required.
For RRC intra-system test scenarios, when there is a need for MO data to generate condition for pending data in UL, then it can be considered to enhance the PDCP loopback (compared to UE test loop mode 1 in TS 34.109 [5]) to be able to delay or trigger the delivery of UL SDUs. 

2.2.5 EPC testing and E-UTRA/EPC Inter-system test scenarios
To achieve test coverage for UE handling of EPS-bearers, such as UL TFT handling, then there is a need for a loopback of data above EPS-bearer level and UE UL TFT handling function. 
This could be achieved by introducing a loopback function of IP packets above the UL TFT function in the UE.

This IP Packet loopback function could be specified transparent to radio access technology such that a E-UTRA UE keeps the IP loopback entity after inter-system change (only one IP loopback entity is needed as described in next section). This would provide means for testing data transfer for inter-RAT/system scenarios such as E-UTRA to UTRA mobility scenarios. 
The IP packet loopback could also be used for the combined procedure test scenarios including connection re-establishment scenarios where MO generated data is needed. 
2.3 Characteristics of UE test loops for LTE/SAE test cases

2.3.1 PDCP SDU loopback characteristics

As mentioned above then the characteristics of PDCP SDU loopback would be the same as for the UE test loop mode 1 in TS 36.109 [5].

This means that the PDCP loopback should be possible to configure for:

· Upto [5] number of PDCP loopback entities

· Constant loopback delay (for RF testing)

· Minimum size of UM buffer size [10kbytes]

· UL SDU size

· Equal UL and DL SDU size

· Expansion of UL SDU size

· Zero-data loopback (no data returned)

To enable testing of scenarios where the UL data shall be made available for transmission at a later stage, e.g. to enable certain events in RRC signalling before the data is available for transmission in UL, then a mechanism to either delay or trigger loopback entity to forward data for transmission may be needed. Example of such scenario could be the RRC Intra-system re-establishment test scenario. It could also be that for those scenarios the IP packet loopback mode in section 2.3.2 can be used for this purpose and thus eliminate the need for such mechanism for the PDCP SDU loopback. 
2.3.2 IP packet loopback characteristics

The purpose for the IP packet loopback mode would be to enable testing of EPC functionality such as UL TFT behaviour in the UE and for combined procedure testing of inter-system scenarios. The IP packet loopback could also cover the testing of Intra-system scenarios where there is a need to delay or trigger data to be transmitted in uplink. 
The characteristics of the IP packet loopback mode:

· One (1) IP loopback entity
Only one IP loopback entity is needed as the control of which uplink EPS bearer/radio bearer to be used by the UE is controlled by the UL TFT information in the ACTIVATE DEDICATED EPS BEARER CONTEXT REQUEST ESM message sent by the SS. The downlink radio bearer used to send data to the UE is controlled by the SS. All downlink radio bearers (EPS bearers) should when the IP packet loopback mode is active be terminated in the IP loopback entity.
· Configurable if the received IP packet is to be returned once or multiple times (maximum number TBD)
· The need for scaling the IP data part in the IP packet need to be studied

· The need for updating the IP header information due to scaling or repetition need to be further studied. The working assumption would be that the IP packet loopback could be specified without require and need to update the header information.

· Configurable delay and/or the repetition frequency for forwarding uplink IP packets for transmission by the UE

· Only relaxed timing requirement needed for loopback delay and configured timing functions

· Minimum size of IP buffer size [TBD]

The figure below illustrates the IP Loopback function.


[image: image1]
2.3.3 Successful RLC SDU counting characteristics
As mentioned above then the characteristics of PDCP SDU loopback would be the same as for the UE test loop mode 3 in TS 36.109, but expanded to BCH. Details needs further study.
2.3.4 Overview testing areas and need for UE test functions

	
	
	Received RLC SDU Counting
	PDCP SDU loopback
	IP packet loopback



	Type of test
	Summary UE test test function needs
	Counting successful RLC SDUs
	Constant loopback delay
	Equal UL and DL SDU size
	Scaling of UL SDU size
	Zero-data loopback (no data returned)
	Configured delay for delivery of SDUs in UL
	Return un-changed IP packet 
	Scaling of UL IP packet
	Multiplication of number of IP packets in UL
	Configured delay for delivery of IP packets in UL

	RF Rx
	Loopback only required for UE to accept DL data. ACK/NACK used for verifying perfromance
	
	
	
	
	X
	
	
	
	
	

	RF Tx
	Generate UL data for TX tests
	
	X
	X
	TBD
	
	
	
	
	
	

	RF BLER
	BLER measurements
	
	TBD
	X
	TBD
	
	
	
	
	
	

	RF BCH
	BLER via SDU counting?
	X
	
	
	
	
	
	
	
	
	

	MAC
	Loopback of MAC SDU via transparent RLC and PDCP
	
	
	X
	X
	
	
	
	
	
	

	RLC
	Loopback of RLC SDU via transparent PDCP
	
	
	X
	X
	
	
	
	
	
	

	PDCP
	Loopback of PDCP SDU
	
	
	
	
	
	
	
	
	
	

	RB
	Loopback of RLC SDU via transparent PDCP
	
	
	X
	X
	
	
	
	
	
	

	RRC Intra-system
	Loopback of RLC SDU via transparent PDCP. Generation MO data through either delay of PDCP loopback delivery or delay of IP Packets loopback delivery
	
	
	X
	X
	
	See note 1
	See note 1
	TBD, See note 1
	TBD, See note 1 and 2
	TBD, See note 1 and 2

	RRC Inter-system
	Loopback of IP Packets. 
Generation MO data after system change by delay function of IP packet delivery.
	
	
	
	
	
	
	X
	X
	See Note 2
	See Note 2

	EPC/ ESM
	Testing of UL TFT behavior
	
	
	
	
	
	
	X
	TBD
	See note 2
	See Note 2

	Combined procedures
	Testing of data transfer continuation using IP Packet loopback. Generation MO data through either delay of IP Packets loopback delivery
	
	
	
	
	
	
	X
	TBD
	See note 2
	See note 2


Note 1.
Either delay function of PDCP SDU loopback is needed or IP packet loopback is used for this case.
Note 2.
It is FFS if delay for delivery of uplink IP packets or multiplication of IP packets in uplink is needed, or both, to achieve the test purposes of the relevant test cases.  
3 Proposal

It is proposed that RAN5:

· defines an IP loopback mode in [3] to enable EPC/ESM and combined procedure testing for intra-system and inter-system scenarios;

· further study the RAN5 planned test scenarios to identify the required functionality of the IP Packet loopback mode (scaling of returned IP packet, delay of delivery, multiplication of number of returned IP Packets);

· investigate if there is a need to enhance the PDCP looback with configurable delay for delivery of UL SDUs for e.g. MO RRC intra-system testing; and 
· investigate if there is a need for adding a UE test function for measuring BLER on BCH to enable BCH performance testing (enhancement of UE test loop mode 3 in [5]).

Ericsson volunteers to make a text proposal for TS 36.509 [3] to the RAN5#40 meeting.
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