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Introduction

This proposal combines the best features from two proposals for an EGPRS test mode presented at TSG GERAN WG4 EDGE [1],[2]. It builds on the features and operating principles of the existing GPRS test mode. Inadequacies of the GPRS test mode are identified and proposals are given for overcoming them.

What are the capabilities of the GPRS Test Mode?

The GPRS test mode describes two possible mechanisms for stimulating an uplink transmission.

In the first method, a downlink PDTCH is looped back onto an uplink PDTCH. Data is looped back at the RLC block level. The RLC data blocks in the downlink are filled from a PRBS.  This is referred to as mode B. 

In the second method, there is no downlink PDTCH. The mobile establishes an uplink PDTCH, filling RLC data blocks from an internal PRBS generator. This is referred to as mode A.

Both methods use dynamic allocation, which means that the MS will only transmit if the USF is set.

From a transmitter testing point of view, both transmission methods have the same attributes:

· The transmitted data is coded

· The data fields in a radio burst are not truly randomized. 

· (Although the radio blocks contain random data, fixed headers are added before interleaving and burst formatting.)

· The transmission will respond to MAC commands (such as a change in power level) in exactly the same manner as a MS in normal operation would.

The GPRS test mode supports all the transmitter test cases in GSM 11.10 section 13.16 and the timing advance section 15.6. The GPRS test mode is used to perform the ORFS due to modulation test, even though the data in a radio burst is not truly randomized.

The GPRS test mode attribute of responding to MAC commands in the normal manner, supports the GPRS Power Control and Timing test cases in GSM 11.10 section 22. 

The GPRS test mode primarily supports transmitter testing. It was not specified to support GPRS receiver testing. However, by supporting dynamic allocation, the GPRS test mode could facilitate the USF BLER test cases in GSM 11.10 section 14.16. 

Can the GPRS test mode be used for EGPRS testing?

An EGPRS test mode modeled on the GPRS test mode could support all new EGPRS transmitter test cases in GSM 11.10 section 13.17 and the timing advance test case in section 15.7.  It would also meet the necessary requirement of being able to respond to MAC messages in the normal fashion required by the EGPRS Power Control and Timing test cases in section 22.

In the loopback method of uplink transmission, adopting the GPRS test mode rule that the same coding scheme should be used on the uplink PDTCH and downlink PDTCH avoids the need to specify any rate adaption procedures.

However, an EGPRS test mode based on the GPRS test mode does not meet two important testing requirements unique to EGPRS: a BER test and the related Bit Error Probability (BEP) test. 

An EGPRS test mode to support BER testing

 A GPRS BER test is not specified because all GPRS devices will have a circuit switched mode of operation. Since BER is primarily a test of the receiver hardware, performing a BER test in the circuit switched mode is sufficient. An EGPRS device does not have an equivalent circuit switched mode to perform a BER test with 8PSK modulation.

Traditionally, BER tests have used a loopback method. In principle, a BER test could be defined without using loopback, but it would require access to a data port on the MS for the SS to retrieve the downlink datastream. Without a standardised data port, a test case based on this approach could not be developed. A loopback method is therefore the only available option.

The loopback method of uplink transmission defined in the GPRS test mode would not support a BER test in EGPRS. For a valid BER test the loopback data must be uncoded. In the case of GPRS, CS-4 has no channel coding. It is therefore possible to create a loopback BER test based on CS-4. In the case of EGPRS there are no uncoded coding schemes. Although MCS-9 and MCS-4 have a coding rate of one, they are subject to 1/3 rate coding and 2/3 puncturing. A method that allows uncoded data to be looped back must be defined. 

The loopback method must also address the problem presented by EDGE class A  mobiles which support 8PSK and GMSK on the downlink but only GMSK on the uplink. It must be possible to determine BER on an 8PSK downlink in such a mobile.

The diagram on the following page identifies the loopback options that exist in a GPRS or EGPRS mobile.
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An RLC Block based loopback has already been discounted. Of the two remaining loopback paths, the Radio Block based loopback has an advantage over a Radio Burst based loopback in that it can be more easily be designed to support messaging. An RLC/MAC control message requires at least one radio block.

Using a Radio Block based loopback, the problem presented by EDGE class A mobiles is addressed by only transmitting during every third Radio Block on the downlink PDTCH when 8PSK modulated, but on every uplink Radio Block, which will be GMSK modulated.

EGPRS Class A MS must support GMSK downlink modulation to GMSK uplink modulation and 8PSK downlink modulation to GMSK uplink modulation radio block loopback mechanisms.

EGPRS Class B MS must support GMSK downlink modulation to GMSK uplink modulation and 8PSK downlink modulation to 8PSK uplink modulation radio block loopbackmechanisms. Mixed modulation loopback mechanisms are not defined for EGPRS Class B MS. 

How can the MS be controlled in a Radio Block based loopback mode?

The Radio Block loopback mode may be established in a similar manner to the GPRS test modes using a L3 control message. However, controlling the MS while in the loopback mode, or even terminating the loopback mode is much more problematic.

In a Radio Block based loopback method, where the data is uncoded, it is important that blocks containing the PRBS are not passed from L1 to the RLC/MAC layer. If these blocks were passed up, the RLC/MAC layer may incorrectly interpret them as control blocks, which may result in unpredictable behaviour. Clearly a method must be defined for layer 1 to distinguish between data blocks containing a PRBS and control blocks.

A number of schemes have been proposed to address this problem.

For 8PSK BER testing, blind detection can be used to distinguish between 8PSK data blocks and GMSK control blocks. However this approach does not address the problem of distinguishing between GMSK data blocks and GMSK control blocks.

Another approach considered but not adopted was to schedule the transmission of control blocks within the multiframe structure. For example, reserving Block B0 of each multiframe for control blocks. This approach presented difficulties for some MS architectures. 

The mechanism adopted is to make use of the stealing flags as an identifier to  tell Layer 1 that a block is a control block which should be passed up to the RLC/MAC layer.  In normal operation, the stealing flags are used to convey header type information. In the Radio Block loopback mode, this header information is not required so it would be possible to use the stealing flags as an identifier. More accurately, the stealing flags would indicate if the following burst was a control burst to be passed up to RLC/MAC layer. After transmitting a single Radio Block containing a control message, the loopback mode is resumed (if the message sent was not a termination command).

The stealing flag approach is the preferred mechanism. If there are difficulties found with using the stealing flags, a variant using a code word option will be adopted.The principle of this approach is very similar to the stealing flag approach. Certain  symbols in the radio block (other than the stealing flags) are reserved for a code word, all other symbols in the data fields are filled with a PRBS. The code word is used to signal that the following block will contain a control message.

Controlling the MS Transmission Parameters

A MS in Test Mode C must support the configuration of the following physical layer parameters on the uplink transmission:
· Modulation Format

· Timeslot Configuration

· Frequency
· Frequency Hopping
· Power Level 
It is preferred that existing GSM 04.60 commands are used for this purpose, rather than the creation of new signaling messages in  the test mode. 
A Further enhancement to support proprietary Op-Codes 

Taking the stealing bit or code word idea a step further, it would be possible to reserve a stealing bit combination or code word to allow manufacturer specific commands to be sent to the mobile. This feature is not required for type approval testing but would be useful during phone development. The standards need only reserve the stealing bits or code word while in the loopback test mode. 

Handling Assymmetric Multislot Configurations

The issue of Assymmetric Multislot Configurations has been addressed in the GPRS test mode. It is therefore proposed that the same principles are applied to the three proposed modes in the EGPRS test mode.

Summary of GPRS and EGPRS test modes
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Summary of EGPRS test cases and test mode requirements

GSM 11.10 Section Number 
Test Case Title
Test Mode to be used

13.17.1
Frequency error and Modulation accuracy 
Mode A or Mode B or Mode C

13.17.2
Frequency error under multipath and interference conditions
Mode A or Mode B or Mode C

13.17.3
EGPRS Transmitter output power
Mode A or Mode B or Mode C

13.17.4
Output RF spectrum
Mode A or Mode B or Mode C

For Output RF Spectrum due to switching.

Mode C only for Output RF Spectrum due to modulation.

13.17.5
Intermodulation attenuation
Mode A or Mode B or Mode C

14.18.1
Minimum Input Level for Reference Performance
Mode A or Mode B for USF BLER testing only.

14.18.2
Co-channel Rejection
None

14.18.3
Adjacent channel Rejection
None

14.18.4
Intermodulation Rejection
None

14.18.5
Blocking and spurious response
None

14.18.6
EGPRS Usable receiver input level range
Mode C only

15.8
EGPRS Timing Advance and absolute delay
Mode A or Mode B

22.8
EGPRS Uplink Power Control – Use of ( and  (CH parameters
Mode A or Mode B

22.9
EGPRS Uplink Power Control – Independence of TS Power Control
Mode A or Mode B

Proposal Summary

· It is proposed that the EGPRS test mode be composed of three modes:

Mode A – Based on GPRS Test Mode A (Uplink only PDTCH).

Mode B – Based on GPRS Test Mode B (RLC Block Loopback). The same coding scheme is used on the uplink and downlink. 

Mode C – A new Radio Block Loopback mode.

Mode C would be mandatory for all MS. It would be mandatory for an MS to also support mode A or mode B. 

· The EGPRS test mode will use the same principles for handling assymmetric multislot configurations as defined for the GPRS test mode.

· A L3 message is used to establish any of the three modes in the same fashion as the GPRS test mode.

· Modes A and B are terminated in the same manner as the equivalent GPRS test modes. Mode C is terminated using a new L3 message.

· Mode C makes provision for EDGE class A MS by only transmitting one block in three on the downlink when 8PSK modulated.

· Mode C shall use the stealing flags as an identifier for control blocks.
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