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SAIC (ARP) Status and a way forward

1. Introduction

In the TSG GERAN #17 meeting a WI for SAIC called Advanced Receiver Performance (ARP) was initiated for the stage 3 specification work. The goal is to have ARP specified for Rel6 and even though a lot of work already has been done in the SAIC feasibility study it will be a challenge to have ARP specified in time. 

This contribution will shortly describe the status of the ARP work and propose a way forward and a time schedule to ensure that the target to have ARP standardized in Rel6 is reached. 

The paper is organized as follows: in section 2 a short status of the work done since TSG GERAN #17 will be given. Section 3 will discuss the SAIC link level models and how to ensure that the same modelling is done by the different companies. How to define test cases is discussed in section 4, followed by a draft time plan proposal in section 5. Finally the conclusions will be drawn in section 6.

2. Status 

Since the TSG GERAN #17 meeting two ARP phone conferences have been held and the outcome of these meetings will shortly be presented in this section. 

The following issues have been discussed in the two phone conferences:

· GPRS modelling

· Test scenarios

· SAIC signalling

· Conventional receiver performance alignment

During the TSG GERAN #17 meeting the operators highlighted the importance of having SAIC for GPRS investigated before the SAIC feasibility study can be closed. In order to make this the need for new GPRS link level models should be investigated. A GPRS traffic model has previously been proposed by Motorola (see [4]) but some concerns have been raised and a new traffic model have been proposed in [5]. 

Definition of ARP test scenarios has been identified as one of the most important tasks to be handled in the ARP stage 3 work. The reason is that in simple test scenarios the new receivers have very high gains but in practice the gains will be smaller as have been demonstrated in the SAIC TR [2]. The agreement during the phone meetings was that if possible the test cases should be made simpler than the link level models defined in the SAIC FS but still the specification requirements shall reflect realistic link level performance. The operators would like to have performance figures included in 45.005 for both synchronized and non-synchronized operation but it was recognized that this would increase the number of test cases dramatically. In section 4 a way forward for the definition of test cases for ARP will be proposed.

The need to have ARP (SAIC) capability indication was discussed and agreed between the network vendors. The reason is that knowing the improved receiver performance is important for the network to improve the power control, EGPRS LA, and the RRM algorithms. The preferred solution is to have the signalling as release independent to ensure fast availability of terminals that can indicate its ARP capability to the network. Although release independent signalling is preferred some concerns were raised whether this could be done without mandating extensive testing in existing networks and change of frozen core specifications. It was agreed that this should be investigated for the TSG GERAN #18 meeting. Finally, if available in the classmark 3 message, 3 bits should be allocated for the ARP (SAIC) indication to ensure sufficient combinations for introduction of future receiver improvements.

The main outcome of the ARP stage 3 is the specification of performance requirements for ARP (SAIC) handsets. Finding the actual values will require negotiation between the companies involved and therefore it is crucial that the implementation of the test scenarios is done in the same way. Three ways to ensure this have been proposed in the phone conferences but it was agreed, at least initially, to follow a simple step-wise verification method (see [1]). In section 3.2 all three methods will shortly be listed and some pros and cons will be described. Besides the model verification the question how to define and measure the CIR and DIR in scenarios including simultaneous co- and adjacent channel interference was discussed but consensus could not be reached. This issue will be discussed in section 3.1.
3. LINK level models

In this section different issues regarding link level modelling and model verification will be discussed. The complicated link level models defined during the SAIC feasibility study have caused a lot of confusion and therefore there is a non-negligible risk that the companies have been implemented the models differently. 

3.1 Modelling discussion

In the SAIC Adhoc #2 meeting in Seattle the first two link level models for the SAIC feasibility study were defined and the need to have simultaneous co- and adjacent channel interference in the link level model was identified and agreed. Having both interference types at the same time in the link level models complicates the definition of the CIR and DIR. Therefore it was decided to define the level of the adjacent channel after the receive filter assuming an attenuation of 18dB which normally is used e.g. in 45.005 and 45.050. Basically this definition just says that the level of the adjacent channel interference when applied in the channel model should be 18dB higher than the level
 defined in the TR [2]. Unfortunately it seems that this way of defining the level of the adjacent channel interference has caused a lot of confusion. 

The use of ACP is important in the definition of CIR and DIR for setups having simultaneous co- and adjacent channel interference:
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where ( denotes the assumed ACP i.e. the attenuation done by the receive filter of the first adjacent channel interferer offset 200kHz from the carrier. The reason for proposing an ACP of 18dB is that this value is normally used in network simulations and besides this is the value used in 45.005
 for GMSK modulated signals. 

Although the ACP of the receive filter has been used in the definitions of CIR and DIR these should not be measured after the receive filter. Instead the burst power of the individual signal components before the receive filter should be measured and in the calculation of the CIR and DIR the power of the adjacent channel components are corrected by the ACP. The problem of measuring the CIR and DIR after the receive filter can be illustrated by an example. Using the link level model defined for configuration 2 in the TR [2] the burst wise CIR and DIR are plotted in Figure 1 and Figure 2 respectively for different values of the receive filter attenuation. As can be seen from these figures if the burst wise CIR and DIR are measured after the receive filter and the ACP is less than 18dB then the cdfs will be shifted towards lower values. Consequently the performance is reported for a lower CIR value i.e. the reported performance will be better than the actual one. In this example configuration 2 from the TR [2] has been used the difference for the CIR at the 50 – percentile is approx. 0.5dB. For configuration 1 and 4 this would be even more pronounced because of the lower levels of the 2nd, 3rd and residual co-channel interference compared to the adjacent channel interference. 
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	Figure 1 Burst wise CIR distributions (average CIR=0dB) for various ACP values.
	Figure 2 Burst wise DIR distributions (average CIR=0dB) for various ACP values.


3.2 Model verification

As described in the last section there is a risk that the GERAN link level models have been implemented differently by the companies. Such differences could be critical in the stage 3 work and should therefore be avoided. This issue has been discussed in one of the ARP phone conferences and the problem was recognized by several companies. Three different methods to avoid/reduce the problem have been proposed:

· Common interferer model  - proposal from Motorola to use the same C function to generate the interferer statistics,

· Same IQ interferer samples – proposal from Intel that companies will be using the same interferer IQ samples in simulations,

· Step-wise model verification (see section 3 in [1]) – proposal from Nokia to do a step-wise extension of the interferer model and investigate the development in performance and interferer statistics.

Using the same C model to generate the interferers will guarantee the same simulation conditions. Although this procedure seems straightforward it has a number of problems:

· In some simulation environments it can be difficult to include external code,

· The parameters used for the common interferer module have to be aligned to the parameters already used in the simulation setups – this could introduce other differences (parameter settings) in modelling.

Therefore it is expected that the proposed procedure would require a lot of alignment between companies. 

The Intel proposal to exchange IQ samples seems to be an easier approach but still this would require a lot of simulation environment alignment before an exchange of interferer IQ samples could be done. 

The step-wise approach is relying on the assumption that by comparing the conventional receiver performance and the interferer statistics differences in link level modelling between companies can be identified. Although straightforward such an approach has never been used before in TSG GERAN and therefore it is still to be seen if it works in practice.

The agreement in the last ARP phone conference was to, at least initially, use the step-wise approach for model verification. This will be done first during the TSG GERAN #18 meeting for a simplified version of configuration 2 without impairments, frequency offsets, and interferer delay profiles. If the experience from the first verification phase is positive the idea is to extent the comparison both to the complete configuration 2 (including frequency offsets and interferer delay profiles) and to one of the asynchronous setups e.g. configuration 1
. 

4. SAIC test cases

As described in section 2 one of the most important tasks in the ARP stage 3 work will be the definition of the ARP test cases. These should be made such that mobiles fulfilling the test case requirements have the expected improved performance in interference limited environ​ments. Although extensive testing is needed care must be taken to keep the ARP testing at a reasonable level. In this section some ideas for reducing both the number of test cases and their complexity will be given. 

The performance of conventional mobiles is tested for sensitivity, co- and adjacent channel interference
. Basically an ARP mobile should at least be as good as a conventional mobile and therefore in principle both the existing and the new ARP test cases should be tested. Clearly by following such an approach the number of test cases required for an ARP mobile will be very high. A way to lower this is simply to reduce the number of existing test cases to a subset, which for example could be:

· Existing sensitivity test cases – needed because special ARP tests will not be introduced for sensitivity limited operation,

· Standard co- and adjacent channel interference
 test cases only for TCH/FS (only mandatory speech codec). 

The next question is how to define the new ARP test cases. From previous discussions the request from operators have been that the test cases should if possible be simplified compared to the link level models defined in the SAIC TR [2]. Although simplified they should still reflect realistic ARP perfor​mance. The following simplifications of the link level models defined in the SAIC TR should be investigated:

· Reduce the number of interferers.

· Removal of interferer delay distribution and frequency offsets.

The link level models defined in the SAIC TR include 7 interferers (4 cochannel and 3 adjacent channel interferers) but it could be an advantage to reduce the number. A way forward for this could be a step-wise reduction of the interferer model (e.g. the model for configuration 2). In each step the performance of both a conventional and an ARP receiver will be tested and the CIR and DIR statistics analysed to ensure that the simplified model still produces realistic link level performance. 

For the interferer delay distribution and the frequency offsets the proposal is simply to investi​gate how these affect the performance and if possible remove them. From previous input papers it is expected that at least the interferer delay profile can be removed [3].

The only remaining question is the number of different test scenarios needed in 45.005. To reduce the total number of test cases it is proposed to limit the test of all channel coding modes to a single scenario.  The testing of other scenarios will then be limited to a small subset of test cases (using e.g. TCH/FS which is the only mandatory speech codec). For example a simplified version of configuration 2 (synchronized) could be used for the full test and then the ability to handle asynchronous interference etc. could be tested only for TCH/FS
.

To summarize, the proposal in this section is to limit the test case complexity and the total number of test cases for ARP mobiles by:

· Decreasing the number of existing 45.005 test cases required for an ARP mobile to a complete sensitivity test and a test of the co- and adjacent channel interference performance for TCH/FS only. 

· Reduce the number of interferers in the link level models, if possible remove interferer delay distributions and frequency offsets.

· Limit the testing of all channel coding modes to a single scenario and only test other scenarios for TCH/FS.

5. Time plan

In this section a draft time plan will be proposed to enable finalizing the specifica​tion of ARP for Rel6. The two most critical issues to solve are the alignment/verification of the link level modelling and the definition of new ARP test cases. Both tasks should be complete during the TSG GERAN #19 meeting in April to initiate negotiation of the performance requirements before the TSG GERAN #20 in June. Clearly this is a challenging task and therefore it is proposed to handle the two issues in a number of phone conferences between TSG GERAN #18 and #19:

1. Primo March – link level model verification –include frequency offset and interferer delay profiles in the verification process.

2. Medio March – test scenario simplification 

3. Ultimo March – link level model verification – verify the modelling of asynchronous link level models

4. Primo April – test scenario simplification 

Besides it is proposed to have a fifth phone conference, which will handle topics related to signalling of the ARP capability (release independent signalling, EGPRS LA etc.). It is believed that the 5 proposed phone conferences will be sufficient to finalize the test case definition in TSG GERAN #19 meeting.

6. Conclusions

In this contribution several issues related to the specification of ARP in Rel6 have been addressed. Even though considerable work already has been done for the SAIC feasibility study some critical problems still remain open for the stage 3 work. The first problem is related to the implementation and verification of link level models defined during the SAIC feasibility study. Several methods to align the modelling have been proposed but it has been agreed, at least initially, to align setups using a simple step-wise verification method. The second problem is the definition of the necessary ARP test cases. Clearly ARP mobiles must be tested to ensure the expected functionality but the number of test cases should be kept as low as possible to avoid unnecessary tests. Several ways to reduce both the test case complexity and the number of test cases have been proposed.
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� Thus for configuration 2 the first adjacent channel interferer (offset 200kHz from the carrier) have an interference level 4dB above the main cochannel interferer.


� For example in section 6.3 of 45.005 the adjacent channel performance requirements of GPRS is identical to the co-channel requirements when using C/Ia1=C/Ic-18dB.


� The largest performance differences for conventional mobiles have been seen for the asynchronous link level models.


� The existing co- and adjacent channel interference test cases are defined for a test scenario including only a single interferer.


� Testing of ARP mobiles in one interferer scenario does not bring much information because it is known to be an unrealistic scenario where extreme performance gains are possible. 


� Additionally RawBER curves for other scenarios could be included in 45.050 to enable operators to estimate the benefit/penalty for the other scenarios compared to the one used for the full test in 45.005. 
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