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Changing the Spectral Mask for Advanced Modulation Techniques for GERAN Evolution – A Discussion

Introduction

There has been extensive discussion in GERAN working group 1 about the possible implementation of new transmit pulse shaping filters for GERAN Evolution enhancements using a higher symbol rate in order to improve the link performance. 

Many technical concerns and issues were raised in the past meetings. This contribution provides more findings and raises some additional concerns with respect to the specification of RED HOT B. This contribution also proposes a way forward on RED HOT B.
Investigation

Adjacent Channel Interference

The impact of the proposed transmit pulse shaping filters for higher symbol rate in the downlink (RED HOT B) on the performance of legacy mobiles has been investigated in [1].  In particular, the investigation in [1] compares the performance of a legacy mobile with an 8-PSK adjacent channel interferer at legacy symbol rate using a linearized GMSK transmit pulse shaping filter (LGMSK), with the performance of a legacy mobile with a 16-QAM or 32-QAM modulated adjacent channel interferer.  The following interferer transmit pulse shaping filter/symbol rate combinations were studied:

· Linearized GMSK at legacy symbol rate,

· Linearized GMSK at higher symbol rate, and

· Root-raised cosine filter, roll-off factor of 0.3, at legacy symbol rate (single side bandwidth of 135 kHz scaled by a Hann window).

The frequency response of each of the transmit pulse shaping filters is shown in the figure 1.

Figure 1 Frequency Response of Transmit Pulse Shaping Filters
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The results of these studies indicate that a change in the transmit filter pulse shape for RED HOT B has a very significant impact on the Adjacent Channel Interference (ACI) performance of legacy services.  In particular, it is shown that adjacent channel interference rejection can be degraded by as much as 8 dB.
Table 1:  Performance of a legacy receiver in the presence of a high-symbol rate adjacent channel interferer using higher-order modulation
	
	HSR1.2-16QAM-LGMSK
	HSR1.2-16QAM-LGMSK325
	HSR1.2-16QAM-RRC270
	HSR1.2-32QAM-LGMSK
	HSR1.2-32QAM-RRC270

	TCH-EFS-TU3-850nFH, FER=1%
	-0.1
	3.9
	8.1
	
	

	TCH-EFS-TU50-1900FH, FER=1%
	0.1
	3.9
	8.0
	0.2
	8.0

	CS-1-TU3-850nFH, BLER=10%
	0.7
	4.5
	8.8
	
	

	CS-1-TU50-1900FH, BLER=10%
	0.1
	4.0
	8.1
	0.2
	8.2

	CS-4-TU3-850nFH, BLER=10%
	0.4
	4.6
	8.8
	
	

	CS-4-TU50-1900FH, BLER=10%
	0.2
	4.4
	8.9
	
	

	MCS-5-TU3-850nFH, BLER=10%
	0.1
	3.9
	7.7
	
	

	MCS-5-TU50-1900FH, BLER=10%
	0.1
	3.9
	7.8
	0.1
	7.8

	MCS-9-TU3-850nFH, BLER=10%
	-0.2
	3.2
	7.2
	
	

	MCS-9-TU50-1900FH, BLER=30%
	-0.1
	3.4
	7.3
	
	


As there is no reference receiver defined within GERAN for GMSK/8PSK reception, the impact on legacy services of exceeding the current spectral mask is dependent on the receiver implementation.  Some receivers suppress adjacent channel interference by using a narrow channel selectivity filter, while other receivers use a wide channel selectivity filter and suppress adjacent channel interference via baseband processing. A receiver which relies on tuning of the channel selectivity filter to suppress adjacent channel interference can be very significantly degraded if the bandwidth of the adjacent channel interferer is increased, because the spectrum of the adjacent channel interferer may now overlap the passband of the channel selectivity filter.  This is likely the reason that ACI rejection was degraded by 4 dB in [1] for the linearized GMSK pulse shape scaled to 325 kHz, even though the bandwidth was only increased by 0.8 dB (10xLog(325/270)).  
To ensure that the simulation results represented typical receiver implementations, measurements were performed on currently available hardware implementations, which verified that the simulation results were representative.  In one such test, the adjacent channel performance of the receiver was degraded by 13 dB.
Co-Channel Interference

To examine a primarily co-channel interference scenario, the known DARP interference scenario (DTS-2) has been considered.  The assessment indicates that the impact of the higher symbol rate co-channel interferers with different transmit pulse shaping filters on legacy receiver performance is generally neutral.  The co-channel interference when the interferer uses a wider bandwidth transmit pulse shaping filter is marginally reduced (up to 0.4 dB) for some combinations of pulse shapes and traffic channels, and marginally increased (up to 0.8 dB) for other pulse shape and traffic channel combinations.  Thus, the reduction in co-channel interference conjectured in [2] (but never demonstrated via link simulation) will likely not be achieved.  In fact, while the peak spectral power is reduced by approximately 4 dB for the wide bandwidth pulse in [2], the reduction in CCI should be no greater than the increase in bandwidth of the wider transmit pulse, and this is approximately 0.8 dB (10 log(325/270)). If the legacy receiver employs a channel selectivity filter which is wider than the linearized GMSK filter used at the transmitter, the reduction in CCI will be less than 0.8 dB.  As with the ACI results presented in Table 1, these co-channel results are entirely consistent with a legacy receiver implementation using a channel selectivity filter that is as wide or wider than the linearized GMSK transmit pulse shaping filter.  As the receiver implementation is entirely at the discretion of the particular vendor, these results should not be at all surprising.
Table 2 Performance of a legacy receiver in the presence of a co-channel dominant multiple interferer scenario (DTS-2) with high-symbol rate interferers using higher-order modulation
	
	HSR1.2-16QAM-LGMSK
	HSR1.2-16QAM-LGMSK325
	HSR1.2-16QAM-RRC270

	TCH-EFS-TU3-850nFH, FER=1%
	0.4
	0.4
	0.0

	TCH-EFS-TU50-1900FH, FER=1%
	0.1
	0.1
	-0.4

	CS-1-TU3-850nFH, BLER=10%
	0.3
	0.3
	-0.1

	CS-1-TU50-1900FH, BLER=10%
	0.1
	0.0
	-0.4

	CS-4-TU3-850nFH, BLER=10%
	0.8
	0.5
	-0.2

	CS-4-TU50-1900FH, BLER=10%
	0.4
	0.3
	-0.3

	MCS-5-TU3-850nFH, BLER=10%
	0.1
	0.2
	0.4

	MCS-5-TU50-1900FH, BLER=10%
	0.0
	0.4
	0.6

	MCS-9-TU3-850nFH, BLER=10%
	0.5
	0.3
	0.0

	MCS-9-TU50-1900FH, BLER=30%
	0.2
	0.2
	0.0


Questions arising from the Evaluation of HSR Interference
The configuration of the modulation and symbol rate of the interferers has a significant impact on the final results.  If the co-channel interferers are LSR and the adjacent channel interferer is HSR with a wide bandwidth transmit pulse shaping filter, then the overall performance of the legacy mobile will be worse.  
Another, far worse scenario which has not been addressed to date, via simulation or otherwise, is the performance of the HSR signal with the wide bandwidth transmit pulse shaping filter in the presence of an adjacent channel HSR interferer that also uses the wide bandwidth transmit pulse shaping filter.  Nor has there been consideration of the more benign case in which the HSR signal with wide bandwidth transmit pulse shaping filter has an LSR adjacent channel transmit pulse shaping filter.  In fact, all of the HSR link simulations performed to date, with the exception of [1], have only addressed the sensitivity of HSR with the wide bandwidth transmit pulse shaping filter.  No simulations of HSR with the wide bandwidth transmit pulse shaping filter have been performed with LSR adjacent channel interference, or with HSR adjacent channel interference using either the wide or narrow bandwidth transmit pulse shaping filter.
The scenario that will be the limiting factor in maintaining current call quality standards is not clear.  Carriers will wish to maintain (or better, improve) current call quality statistics or data throughput over the network's coverage area (minimum as well as average).  DTS-2 performance may well be representative for average statistics; however single ACI performance may be representative of minimum statistics.

How do we determine which scenarios we need to evaluate in order to ensure call quality statistics are maintained or improved?  How will it be possible to provision the network given that the performance of the mobile station will be entirely unpredictable and that existing ACI performance specifications will be invalidated?  How will it be possible to reliably implement frequency planning in such a system?

 

Concerns and Issues with Supporting More Than One Pulse Shape
It has been suggested that more than one transmit pulse shape be defined for RED HOT B.  The intention is that for ARFCN where the adjacent channel interference is critical (for example at the edge of the band) the transmission to the mobile can use a transmit pulse shaping filter that conforms to the spectral mask.  ARFCN internal to the carrier’s frequency band can use a wider transmit pulse shaping filter.  

There are significant consequences to defining more than one transmit pulse shaping filter for downlink higher order modulation with higher symbol rate.  Some consequences are as follows:
1)  For the downlink, it will now be necessary to specify the performance of:
1. higher order modulation with LSR and linearized GMSK transmit pulse shape
2. higher order modulation with HSR and transmit pulse shape 1
3. higher order modulation with HSR and transmit pulse shape 2
For each of the above, adjacent channel performance must now be specified for each of two types of interferers – the first transmit pulse shape 1 and the second using transmit pulse shape 2.  The need for separate specifications can be seen from [1] and the results in Table 1 in which the wider bandwidth pulse shape produces much worse adjacent channel interference. 
By increasing the number of transmit pulse shapes used for RED HOT B from one to two, the complexity of the resulting RED HOT A/B performance and test specification is increased by 3/2, or 50%.  Furthermore, if adjacent channel tests make up one third of the cases in the current specification, doubling the number of adjacent channel tests will increase the complexity of the specification by an additional 33%.  Thus, the inclusion of a second wide bandwidth transmit pulse shape for RED HOT B will increase complexity of the performance and test specification for RED HOT A/B by approximately 100 % (1.5 x 1.33).  This assumes, of course, that no separate performance specification will be defined for those instances in which some bursts of a block are transmitted using the HSR with the legacy transmit pulse shaping filter, while others are transmitted using LSR with the wide bandwidth transmit pulse shaping filter.

2) It has been proposed [3] that a mobile that supports higher order modulation with legacy symbol rate only (i.e. RED HOT support level A) be required to extract the USF information from a high symbol rate RED HOT B burst.  No criteria have been defined to enable the MS to determine if the USF extracted by the RED HOT A MS from the RED HOT B burst is valid.  Additionally, in the event that the RED HOT A mobile fails the header CRC, the RED HOT A USF can still be extracted and used so long as the estimated SIR for the block is above some threshold.  Currently, in the event that the RED HOT A mobile fails the CRC, no criteria have been defined or tested for selecting between the following three options:

i) extract and use the RED HOT A USF

ii) extract and use the RED HOT B USF

iii) use neither the A nor the B USF, as neither is sufficiently reliable.

Given that the RED HOT A mobile only has access to the TSC and the USF of the RED HOT B burst (due to the need to resample at 325 kHz), it may be quite difficult to properly assign a reliability to the RED HOT B USF.  This problem will likely become much more difficult with the definition of multiple transmit pulses for RED HOT B.
Proposed Way Forward
Currently, the only benefit that has been demonstrated with use of a wider bandwidth transmit pulse for RED HOT B has been an improvement in throughput for noise limited deployment scenarios.  A reduction in co-channel interference from an HSR interferer using a wide bandwidth transmit pulse into an LSR user has been conjectured in [2], but this has not been borne out in the simulation results in Table 2.  This is perhaps not surprising given that to first order the bandwidth of the signal is only increased by 0.8 dB (10 log(325/270)) and thus it might be expected that co-channel interference into a legacy user would be reduced by no more than this amount.  The reduction in co-channel interference may be less than this (as seen in Table 2) if the legacy mobile were to use a channel selectivity filter wider than the LSR linearized GMSK pulse shaping filter used at the transmitter.
Any improvement in noise limited scenarios observed with the use of the wide bandwidth HSR transmit pulse shaping filter must be weighed against the following negative consequences of such an approach:
i) the ACI performance of the legacy receiver is degraded by up to 8 dB in simulation.  As much as 13 dB of degradation has been observed in bench tests.  This must be weighed against a reduction  in CCI of no more than 0.8 dB (simulations show no more than 0.4 dB reduction)
ii) There has been no study of the performance of the wideband HSR transmit pulse shaping filter with adjacent channel interference from either an LSR interferer or a HSR interferer using the wide bandwidth transmit filter.  It can be expected that the performance would be far, far worse than the adjacent channel performance for the LSR user in Table 1.
iii) As some measures of link performance are improved (sensitivity) while others are degraded (ACI), system simulations would absolutely be required to show that the wide bandwidth transmit pulse shaping filter would benefit the capacity or throughput of the system as a whole.  No system simulations were done either during the feasibility study or since.  Furthermore, any such simulations would require knowledge of the legacy mobile implementation and/or the performance of the legacy mobile with adjacent channel interference from an HSR interferer using the wide bandwidth transmit pulse.
iv) The inclusion of a second transmit pulse shaping filter for HSR would increase the complexity of the performance and testing specification for RED HOT A/B by 100%.

v) The inclusion of a second transmit pulse shaping filter for HSR will make extraction of the RED HOT B USF more difficult and will degrade the resulting performance.

To date, the effort to improve the link performance for RED HOT B has focused entirely on using a wider bandwidth transmit pulse shape in combination with the legacy equalizer, regardless of the impact to the legacy mobiles and the system as a whole.  A more conservative approach would be to use the legacy transmit pulse shaping filter and try to improve the performance of the equalizer by using equalization methods more advanced than the current method. How much throughput and capacity gains could be achieved with such an approach needs to be assessed.
For the reasons given above, we propose that a single transmit pulse shaping filter is defined for HSR. Whether the identified transmit pulse shaping filter should satisfy the existing 8-PSK spectral mask or not is left FFS, given that system simulations are needed to assess the real capacity and throughput gains of RED HOT B in conjunction with a particular transmit pulse shaping filter and various mobile receiver implementation possibilities. We note however that an approach whereby the existing spectral mask would be kept and where improvements would be brought on the equalizer side is not to be excluded a priori.
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