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Optimized pulse performance for OSC 
1. Introduction

This contribution investigates the system performance for the Orthogonal Sub Channels (OSC) with an optimized transmit pulse shape on DL.
This contribution is a revision of [2]. The main updates are a discussion related to the used link to system interface in Section ‎2.3, the presented gains for the evaluated pulse shapes in Section ‎3, a new section showing a system analysis in Section ‎4 and the conclusions in Section ‎5.
2. SETUP FOR SYSTEM PERFORMANCE EVALUATION
2.1 Network configurations
Studied network configurations are shown in Table 1. DL receiver type was VAMOS type I with 100 % penetration. The investigation was limited to half rate codecs. 
Table 1. Studied network configurations.
	Parameter
	MUROS-1
	MUROS-2

	Frequency band (MHz)
	900
	900

	Cell radius
	500 m
	500 m

	Bandwidth
	4.4 MHz
	11.6 MHz

	Guard band
	0.2 MHz
	0.2 MHz

	# channels excluding guard band
	21
	57

	# TRX
	4
	6

	BCCH frequency reuse
	4/12
	4/12

	TCH frequency reuse
	1/1
	3/9 

	Frequency Hopping
	Synthesized
	Baseband 

	Length of MA (# FH frequencies)
	9
	5 

	Fast fading type
	TU
	TU

	BCCH or TCH under interest
	Both
	Both

	Network sync mode
	sync
	sync 


Call average FER thresholds were used for minimum call quality performance. 3% FER threshold criterion was used for channels using half rate coding. Blocked calls threshold was at 2%.
2.2 Channel mode adaptation
Studied channel mode adaptation types are in Table 2. 
Table 2. Studied channel mode adaptation cases.
	Channel Mode Adaptation 
	Channel modes

	Type A0
	GSM HR 

	Type A1
	GSM HR  <-> OSC HR

	Type D0
	AHS 5.9 

	Type D1
	AHS 5.9 <-> OSC AHS 5.9


Adaptation between OSC and non-OSC channel was RxLevel / RxQual based using the thresholds with hysteresis shown in Table 3.

Table 3. Channel mode adaptation thresholds.
	Parameter
	Threshold
	Operation

	RxLevel
	-90 dBm
	HR -> DHR (Packing)

	
	-95 dBm
	DHR -> HR (Unpacking)

	
	-70 dBm
	DHR (Call Setup Packing)

	RxQual
	RXQUAL_1
	HR -> DHR (Packing)

	
	RXQUAL_4
	DHR -> HR (Unpacking)


2.3 Link to system interface

The link to system interface for the the VAMOS-I receiver is given in the Annex 3 of [1] and is based on the MTS-2 interference profile modified to take into account both GMSK and QPSK modulated interference. 

Further refinements are planned to further improve the accuracy of this model (see [1] for more details about the modelling methodology):

1.) link level data from which the mappings are generated are based on interference profiles derived from measured network statistics for each network scenario; 

2.) the mappings are implemented dynamically whereby the mapping is selected depending on the modulation of the dominant interferer.
Still, a performance analysis is still provided based on the current link to system interface as it is NNSN’s expectation that the difference in the performance of the current and refined models will not be that large. For example, the refinements described above can be considered as ‘subtractive’ in that 1.) is expected to have a positive impact to the VAMOS-I receiver’s performance (given that the levels and PoPs of the initial interference model have been found to be too pessimistic) while 2.) is expected to have a negative impact on the VAMOS-I receiver’s performance (at least for MUROS-2, as any dominant QPSK dynamics would be excessively suppressed with the current mapping).

3. SYSTEM PERFORMANCE Results (100 % VAMOS-I penetration)
System performance results are presented in this section. Both candidate pulse shapes OPT 1 and OPT 2 and the reference LGMSK have been investigated for OSC channels.
MUROS-1 capacity numbers are presented in Table 4 REF _Ref245646282 \h 
 and MUROS-2 capacity results are shown in Table 5 REF _Ref245646289 \h 
.
Table 4. MUROS-1 performance results.

	MUROS 1
	Spectral Efficiency [Erl/MHz/site]
	Hardware Efficiency [Erl/TRX]
	Limiting factor
	Gains 

	A0
	30.19
	10.57
	Blocked
	-

	A1 – LGMSK
	38.01
	13.30
	Bad quality
	25.8%

	A1 – OPT 1
	39.19
	13.72
	Bad quality
	29.8%

	A1 – OPT 2
	39.03
	13.66
	Bad quality
	29.2%

	D0
	30.24
	10.58
	Blocked
	-

	D1 – LGMSK
	36.38
	12.73
	Bad quality
	20.3%

	D1 – OPT 1
	37.15
	13.00
	Bad quality
	22.9%

	D1 – OPT 2
	37.06
	12.97
	Bad quality
	22.6%


Table 5. MUROS-2 performance results
	MUROS 2
	Spectral Efficiency [Erl/MHz/site]
	Hardware Efficiency [Erl/TRX]
	Limiting factor
	Gains

	A0
	18.75
	11.87
	Blocked
	-

	A1 – LGMSK
	30.23
	19.15
	Bad quality
	61.3%

	A1 – OPT 1
	32.02
	20.28
	Bad quality
	70.8%

	A1 – OPT 2
	32.06
	20.31
	Bad quality
	71.1%

	D0
	18.66
	11.82
	Blocked
	-

	D1 – LGMSK
	25.80
	16.34
	Bad quality
	38.2%

	D1 – OPT 1
	27.28
	17.28
	Bad quality
	46.2%

	D1 – OPT 2
	27.17
	17.21
	Bad quality
	45.6%


Table 6 shows the resulting system capacity gains as derived from OPT 1 REF _Ref245646282 \h 
 and OPT 2 pulse shapes REF _Ref245646289 \h 
 for the investigated network configurations and channel mode adaptation types.
These are the same figures that were presented in [2] except that they are shown relative to the LGMSK pulse (in [2] the gains were given relative to a non-VAMOS network).
It should also be noted that optmisation of the channel mode adaptation thresholds in Table 3 may yield higher gains, but that optimisation of the VAMOS RRC (which is an implementation related matter) is not the primary scope of the study, which is to evaluate if an optimised pulse will yield capacity gains and to evaluate the impact (if any) to legacy users.

Table 6. OSC network capacity gains utilizing optimized pulse shapes (relative to the LGMSK pulse).
	CMA Type
	Pulse shape
	MUROS-1 
	MUROS-2

	A
	Candidate OPT 1
	3.1 %
	5.9 %

	
	Candidate OPT 2
	2.7 %
	6.0 %

	D
	Candidate OPT 1
	2.1 %
	5.7 %

	
	Candidate OPT 2
	1.9 %
	5.3 %


4. System analysis  (100 % VAMOS-I penetration)
A detailed system analysis is provided in this section to determine more precisely the source of the gains seen in the previous section and also to better understand the impact to the interference in the network when the optimised pulse is used at the higher network load.

In Section ‎3, capacity figures were estimated at the 5 % BQC limit by calculating the percentage of BQCs at different network loads (10k to 50k users in 10k steps for MUROS-1 and 55k to 105k users in 10k steps for MUROS-2) and then by interpolating to estimate the load at 5 % BQC.

In this section, the precise load is measured for one of the network scenarios (MUROS-2 with HR codec) by performing a search to find the load at which the 5 % BQC criteria is precisely met. This was repeated for the LGMSK pulse and the OPT 2 pulse. The results are shown in Table 7. In this scenario, a 5.2 % capacity gain is observed with the OPT 2 pulse and the source of the gain is an increase by 14 % in the use of DHR.
Table 7. Network loads at the 5 % BQC limit.

	Pulse Shape
	Number of Users
	Gain %
	HR(%)
	DHR(%)

	LGMSK
	69300
	-
	48.7
	51.3

	OPT 2
	73300
	5.25 %
	41.5
	58.5


To investigate the impact on the interference in the network when the optimised pulse is used at the higher network load, the interference level and PoP statistics were measured (separately on the TCH layer and the BCCH layer). The results are shown in Table 8 (TCH) and Table 9 (BCCH).  
Shown are the median C/I ratios and PoP for the dominant QPSK and GMSK CCI and ACI. Note that the differences with the interference profiles in [1] are the C/I ratios are un-normalised and they are obtained at equal BQC for each pulse shape (whereas the interference profles are obtained at equal loads for the different pulse shapes). 
Table 8. Interference statistics on TCH layer for LGMSK and OPT 2 (8 % BQCs).

	Interferer
	LGMSK
	OPT 2
	 

I level delta (dB)
	 

PoP delta

	
	Median Power (C/I dB)
	PoP
	Median Power (C/I dB)
	PoP
	
	

	CCI
GMSK
	30.6
	99.5%
	30.8
	99.5%
	-0.3
	0%

	CCI
QPSK
	39.5
	71.3%
	38.6
	85.2%
	0.9
	14%

	ACI
GMSK
	20.6
	100.0%
	20.8
	100.0%
	-0.2
	0%

	ACI
QPSK
	31.6
	91.3%
	30.1
	97.0%
	1.5
	6%


Table 9. Interference statistics on BCCH layer for LGMSK and OPT 2 (8 % BQCs).
	Interferer
	LGMSK
	OPT 2
	 

I level delta (dB)
	 

PoP delta

	
	Median Power (C/I dB)
	PoP
	Median Power (C/I dB)
	PoP
	
	

	CCI
GMSK
	32.2
	99.3%
	32.8
	98.9%
	-0.6
	0%

	CCI
QPSK
	40.7
	77.7%
	39.2
	90.6%
	1.6
	13%

	ACI
GMSK
	20.1
	100.0%
	20.8
	99.9%
	-0.7
	0%

	ACI
QPSK
	29.8
	94.5%
	27.7
	98.5%
	2.1
	4%


The difference in these statistics when the OPT 2 pulse shape is used instead of the LGMSK is also shown in the tables and have been summarised in Figure 1 (TCH layer) and Figure 2 (BCCH layer). When the OPT 2 pulse is introduced at the higher network load, the QPSK CCI and ACI interference level increase on the TCH layer by 0.9 dB and 1.5 dB respectively while the GMSK CCI and ACI interference level reduced by 0.3 dB and 0.2 dB. On the BCCH layer, QPSK CCI and ACI interference level increased by 1.6 dB and 2.1 dB respectively while the GMSK CCI and ACI interference level reduced by 0.6 dB and 0.7 dB. These changes more or less correspond to the overall increase in the use of DHR and the reduction in HR.
These statistics can be useful to gauge the likely impact of the OPT 2 pulse to legacy users. What needs to be taken into account is:

· the absolute interference levels of GMSK and QPSK interference and their PoP in the network
· the interference level changes at the higher load as a result of the optimised pulse as well as their PoP (as depicted in Figure 1 and Figure 2)

· the penetration rate of the VAMOS-I mobiles (assumed in this contribution to be 100 %)

· the level of ACP provided by the optimised pulse (e.g. given in [1] for OPT 1 and OPT 2)

To accurately evaluate these impacts, different penetration rates of VAMOS-I mobiles are planned to be included in the investigation.
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Figure 1. Changes in TCH layer statistics with the OPT 2 pulse shape.
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Figure 2. Changes in BCCH layer statistics with the OPT 1 pulse shape.
5. Conclusions
In this contribution system level simulation results have been presented showing capacity gains for MUROS 1 and MUROS 2 when utilizing an optimized transmit pulse shape on DL. Positive gains were seen in both network scenarios with higher gains being seen in MUROS-2. More precise gains can be expected with the use of a refined link to system interface taking into account the full methodology proposed in [1].
A detailed investigation into one of the network scenarios revealed a 5.2 % capacity gain as a result of a 14 % increase in VAMOS pairings. The investigation also evaluated the changes in the interference and PoP statistics when the the OPT2 pulse was used at the higher load and an increase in QPSK interference and a reduction in GMSK interference was observed. The overall effect of this towards legacy users will be investigated when different penetration rates of VAMOS-I mobiles are included in the investigation.
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