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Concerns on the Precoded EGPRS2 proposal in GP-100364
1. Introduction

At GERAN #45, a draft work item ‎[1] was presented by Ericsson on the introduction of OFDM modulation for EGPRS2. An accompanying discussion document can also be found in ‎[2]. 
The sourcing companies have analysed the proposal and have identified several concerns, which are described below.
2. Coverage aspects of PC-EGPRS2
2.1 EGPRS and EGPRS2 on the BCCH carrier
The high Peak-to-Average-Power ratio (PAPR) of the PC-EGPRS2 signal is not compatible with the restrictions on minimum variation of RF level on BCCH carrier. 
These restrictions on BCCH transmission power ensure the received level measurements performed by the mobile are sufficiently accurate to guarantee a minimum level of cell selection and reselection performance. 
The restrictions (see 3GPP TS 45.008 Section 7.1), specify constant power for GMSK modulation and allow a reduction in output power of up to 4 dB for 8PSK modulation. This was further relaxed to 6 dB for QAM modulation on the basis of ‎[3], while this investigation had several optimistic simulation assumptions:

· related to investigated average power decrease (APD). 
· related to the fact, that high load of EGPRS2-A on BCCH was not investigated, which would have represented worst case scenarios. 

· related to the propagation models on shadow fading and the exclusion of fast fading. 

· related to low handover margin.

· related to simplifications in the simulation model, i.e. without user mobility and oversimplified measurement sampling procedure for the MS. 
We believe the 6 dB power reduction permitted for QAM modulation represents the absolute limit if remarkable impacts to cell selection and reselection are to be avoided
2.2 PC-EGPRS2 on the BCCH carrier
The PC-EGPRS2 signal exhibits an extremely high PAPR. In ‎[2], 9.7 dB is stated at 10-4 probability on the PAPR CCDF, while the maximum peak to average ratio  could be as high as of 12 dB (taken at the lower ends of the CCDF curve).

Signal clipping is necessary due to this high PAPR to comply with the allowed power reduction of 6 dB on BCCH carrier. However, this will lead to high levels of spectrum regrowth.
Compressed modulation is proposed, but this: 

· adds complexity to the transmitter module for PC-EGPRS2 and

· increases the EVM compared to EGPRS2

The performance of modulation compression has yet to be demonstrated for back off values that are compliant with the restrictions on BCCH for all modulations.
3. Throughput performance of PC-EGPRS
3.1 Reference receiver assumed in GP-100364 ‎[2]
At TSG-GERAN #45, Nokia and a number of other companies raised questions about the reference receiver used to compute the PC-EGPRS2 throughput gains. 

The concerns related to the assumption of a sub-optimum reference for the EGPRS2 performance just meeting the minimum performance requirements and hence yielding over-optimistic figures for gains with PC-EGPRS2.

To verify these concerns, the performance of a realistic EGPRS2 receiver has been compared with the results in Figure 13 of ‎[2].
In the comparison, the same simulation assumptions were used (including the same Tx and Rx impairment parameters with the exception that an ideal PA was assumed). The comparison is shown in Figure 1 for EGPRS2-A and Figure 2 for EGPRS2-B.
[image: image1.jpg]Throughput kb/s]

100

90

il

70

60

50

0

.0

Eil

10

CaCh, TUSif945

Nokia EGPRS2A
——— GP-100364 EGPRS2A
—+—GP-100364 PC-EGPRS2A

0 5 10 15 20 E3
Cachannel C/l

30

0




Figure 1. Throughput performance for EGPRS2-A with corresponding results overlaid from Figure 13 of ‎[2].

[image: image2.jpg]Throughput kb/s]

CaCh, TUSif945
120

Nokia EGPRS2E
400}| —— GP-100364 EGPRS26
—+— GP-100364 PC-EGPRS26

0

60

0

Fil

(] 5 10 15 20 E3 30 E3 0
Cachannel C/l




Figure 2 Throughput performance for EGPRS2-B with corresponding results overlaid from Figure 13 of ‎[2].
The findings suggest that reference receiver in ‎[2] is considerably sub-optimum.

In case of EGPRS2-A, the ~4 dB gain shown at 20 dB C/I for PC-EGPRS2 shrinks to < 1 dB. At very high C/I, the peak throughput performance of the PC-EGPRS2 proposal is actually much lower than the reference.

In case of EGPRS2-B, the ~11-12 dB gain shown at 20 dB C/I for PC-EGPRS2 shrinks to < 1 dB. At very high C/I, the peak throughput performance of the PC-EGPRS2 proposal is increased but not by a significant amount.

Throughput gains should be based on an agreed baseline performance.
4. Need for Apples to Apples Comparison
We believe the propagation conditions used to evaluate the gains of the PC-EGPRS2 proposal favor the PC-EGPRS2 proposal. This is because only the TU3 propagation condition in low band was used in the comparison, while it is known that OFDM is sensitive to high speeds and high Doppler spreads that impact sub-channel orthogonality resulting in inter-carrier interference (ICI). It is also known that the OFDM symbols at the edge of the spectrum are sensitive to adjacent channel interference, while only co-channel interference is used in the comparison.
On the other hand, an EGPRS2 receiver needs to designed to meet the performance requirements:
· in all propagation conditions 

· for all frequency bands

· for sensitivity limited scenarios

· in co-channel interference conditions

· in adjacent channel interference conditions. 
We believe impressive throughput performance gains can be shown also for existing EGPRS2 architectures if optimization was allowed for a single condition only (such as TU-3 co-channel interference). 
For an apples to apples comparison, the performance comparison should encompass the full performance specification of EGPRS2.
5. Claimed complexity benefits of PC-EGPRS2
A reduction in complexity is claimed for EGPRS2 mobile platforms, but hardly any details are provided.
Complexity benefits might be provided in terms of lower computational effort compared to trellis equalization to remove inter-symbol interference (ISI). However, many platforms already include hardware accelerators to support trellis equalization. 
On the other hand, we expect the removal of Inter-Carrier Interference (ICI) is remarkably impacting the complexity of the mobile receiver, in particular in channels with high Doppler spreads (especially if the performance of OFDM based receiver is to be on par with the current EGPRS2 receiver in these high Doppler channels). 

If PC-EGPRS2 is supposed to be introduced as a feature on top of EGPRS2, this would clearly increase the complexity in the mobile rather than decrease it. On the other hand, if PC-EGPRS2 is proposed as a standalone feature irrespective of EGPRS2, then this would challenge existing EGPRS2 implementations both on network and on terminal side. Availability of services using EGPRS2 would effectively be delayed by this.

In the BTS, the added functions in the transmitter include an Inverse DFT operation (whose computational impact is dependent on its size) and a modulation compression operation.
In summary we believe that the overall system complexity is rather increased with PC-EGPRS2 compared to EGPRS2:

· Functional blocks need to be extended in the BTS transmitter and it is not known if these functional changes can be supported in legacy BTS platforms. 

· Additional functional blocks are required like ICI equalizer in the MS. 

6. Scope for improvements to EGPRS2
It is Nokia and NSN’s opinion that EGPRS2-A as it is currently specified is already suited to practical receiver implementations, with little scope for further gains. In case of EGPRS2-B in downlink, some scope exists to increase the gains further by transmitting the signal using a wider pulse shape as being investigated in the WIDER feasibility study.
7. Need for Air Interface Changes
PC-EGPRS2 proposal requires air interface changes related to symbol mapping, burst formatting and on transmit pulse formatting.

· We believe that this is a too big a change compared to the claimed benefits for Precoded EGPRS2 over EGPRS2.

· Rather a major increase in throughput would justify such a drastic change. 

· The change affects MS, BTS and test equipment implementations. 

· A considerable set of physical parameters would need to be defined (as detailed in Annex A) requiring a remarkable effort in standardization. 


· Size of testing effort should not be overlooked, in particular in regard to performance and IOT testing.

· All together the claimed benefits of PC-EGPRS2 are questionable and do not justify such major change.
8. Conclusion

In this contribution, the main concerns relating to the proposal in [2] have been presented.
It is the sourcing companies’ view that for a work item to proceed, the main concerns as identified in the contribution should first be removed.
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Annex A
Several parameters are open in the concept and would need to be investigated within a proper feasibility study

· duration of an OFDM symbol and of the cyclic prefix (the sub-carrier spacing in GP-100364 [2] is rather too low)

· number, position and rotation of pilot symbols

· IDFT size

· sampling rates after the IDFT

· new burst format (e.g. guard period and ramping, number and exact position of tail symbols)

· desired amount of compression (PAR reduction) as a function of the modulation and coding scheme

· modulation order

· Please note that EGPRS2 levels A and B would have to use different OFDM parameters if both levels were kept for precoded EGPRS2. 

· Furthermore, different parameters would probably have to be used if OFDM was used on adjacent channels.
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