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BTS power control for VAMOS

1 Introduction

The definition of the DL modulation for VAMOS – AQPSK – has been included in the stage 2 description for VAMOS, see [1]. Also, description of BTS power control – utilizing AQPSK – has been included, see [2]. 

Until now no agreement has been reached on which α values to use in the AQPSK constellation. Initial discussions on the topic has however been taken place, see [3] and [4].

This paper further discusses the set of allowed α values to be used in the AQPSK constellation.
The document is an update of a contribution presented at the 7th telco for VAMOS. Changes are highlighted in red.

2 Background

In [3] it is discussed whether a pre-defined alphabet of α should be specified or if a continous set of α could be used by the BTS. Irrespective of which, a set of α were defined where all - except one – of the sub channel imbalances ratios, SCPIRs, were based on quaternary constellation point from modulations already defined for EGPRS and EGPRS2 (i.e. 8PSK, 16QAM and 32QAM). The intention of re-using the modulation constellations was to lower the implementation complexity in the base station of AQPSK.  Minimizing the impact to hardware is one of the objectives of VAMOS. The imbalance ratios proposed were up to 14 dB. However, no support on the proposed alphabet was expressed by other vendors at GERAN#42.
In [4] some concerns were raised regarding the choice of the highest SCPIRs in the above mentioned alphabet and it was questioned whether allowing for such high SCPIRs would add to the overall system capacity of VAMOS.

3 System level evaluation
System level simulations have been carried out using different sets of α in the base station. Two different scenarios, one with 100% VAMOS MS penetration and one with 50% VAMOS MS penetration, has been investigated.
3.1 Simulation assumptions and methodology

Simulation assumptions can be found in Table 1 (see also [8] for background on some of the table entries). The simulator methodology can be found in [9]. Methodology and verification of the link-2-system mapping used in the simulations can be found in subclause 8.2.3 in [10].
Table 1. Simulation assumptions.

	Parameter
	MUROS-2
	MUROS-3A

	Frequency band (MHz)
	900
	1800

	Cell radius
	500 m
	500 m

	Bandwidth
	9 MHz
	2.6 MHz

	# channels
	45
	12

	# TRX
	5
	4

	BCCH frequency reuse
	Not simulated
	Not simulated

	TCH frequency re-use
	3/9
	1/3

	Frequency Hopping
	Baseband
	Synthesized

	Length of MA
	5
	4

	Fast fading type
	TU-50

	Network sync mode
	Sync

	Propagation Model
	UMTS 30.03

	Sector Antenna Pattern
	ETR 04.02 (65 deg)

	QPSK power backoff
	3.3 dB

	Network size
	81 cells
	75 cells

	Simulation time (***)
	200 sec
	150 sec

	# seeds
	3
	5

	AQPSK power control step
	2 dB


NOTE1: Some simulation assumptions have changed compared to [8], especially for MUROS-2, where the system size has decreased from 144 cells to 81 cells. The reason for the change is to decrease the simulation time needed, it is however not expected to change the conclusion from these simulations. Thus, it is rather the relative performance between different maximum SCPIR settings and not the absolute performance that should be considered.
NOTE2: The MUROS-2 scenario investigated has been evaluated at a load when 97 % of the users experiences a call FER < 2 %. This is not according to the agreed working assumptions of 95 % of the users at call FER < 3 %. The limit of 3 % (instead of 2%) was introduced to take into account that FR↔HR adaptations are not modeled in the simulations. However, for the scenario investigated the VAMOS gain is sufficiently large not to expect a significant amount of HR→FR adaptations to take place. In addition, using a call FER < 2% allows for system evaluation in quality limitation rather than block limitation.
3.2 Results
Two different scenarios have been evaluated:
· MUROS-3, 100% VAMOS II MS penetration, AFS 5.90.

· MUROS-2, MS penetration [50, 35, 15] % of [VAMOS II, non-SAIC, SAIC] respectively, AHS 5.90.
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Figure 1. MUROS-3A, 100% VAMOS II (SAM) MS penetration. Different maximum SCPIRs allowed.
Generally it could be expected that the system capacity would increase when using higher maximum allowed SCPIR is in the base station. This is true in Figure 1 up to SCPIR=10 dB. For SCPIR=12 dB the performance is aligned with SCPIR=8 dB. The reason for this is probably sub-optimal settings in the system simulator.
Table 2 shows the capacity gain figures compared to the reference case of 100% SAIC penetration (from [9]).

Table 2. Capacity gain for MUROS-3A, 100% VAMOS II MS penetration. Different maximum SCPIRs allowed.

	Maximum SCPIR allowed [dB]

	0
	2
	4
	6
	8
	10
	12

	43 %
	46 %
	48 %
	49 %
	50 %
	51 %
	50 %


[image: image2.png]% users @ average call FER < 2%

[(e]
~
I

©
~
[S)

©0
~

©
o
©

©
o
)

[(o]
o
'

96.2

%

—Max.
—Max.
—Max.
—Max.

Max.

Max.
—Max.

SCPIR=0
SCPIR =2
SCPIR =4
SCPIR =6
SCPIR =8
SCPIR =10
SCPIR =12

27

|
28
Erl/MHz/site

29 30

31

32

33




Figure 2. MUROS-2, 50% VAMOS II (SAM), 35% non-SAIC and 15% SAIC MS penetration. Different maximum SCPIRs allowed.
For MUROS-2 and 35 % non-SAIC penetration it can be seen that using basic OSC (i.e. only allow SCPIR=0 dB) will result in a significant loss in system capacity compared to allowing larger SCPIRs. This is since the channel allocation algorithms allow for non-SAIC mobiles to be allocated on VAMOS channels. However, since a non-SAIC MS cannot cope with the interference introduced by the second sub channel, the quality of all non-SAIC MSs will not fulfil an average call FER < 2 %. The situation is similar for a max SCPIR of 2 dB, which is not enough to assert good operation for non-SAIC MSs. At a max SCPIR of 4 dB the system capacity is significantly improved and there is also further improvement by allowing SCPIR of 6 dB. It can also be seen that allowing SCPIRs > 6 dB does not seem to bring further gains in the investigated scenario.
4 Discussion
This paper investigates two system scenarios from the MUROS TR, see [5], where different maximum SCPIRs are used by the base station. It has been seen that allowing SCPIRs up to 10 dB brings capacity gains to the system. At larger SCPIRs no further gain was seen.
It should be stressed that the gains seen are applicable to the two scenarios investigated with the current simulator implementation. Further optimization of e.g. channel adaptation algorithms, or changes in the simulation assumptions, e.g. cell size, codec investigated may result in different conclusions. Further, system level evaluations has not yet taken into account mixes of FR and HR allocations, e.g. one FR allocation with two HR allocations where larger SCPIRs could be expected to be usedful.
5 Proposal

In the following sections answers to the open questions raised in [3] are proposed.
5.1 Discrete or continous set of α

It is proposed that a maximum α-value shall be specified in 3GPP TS 45.004 for the BTS power control. The range of α-values used by the base station is kept implementation dependent. Specifying a range of α-values could be beneficial for the VAMOS II MSs when estimating the α. However, current evaluations in e.g. [11] show that assuming no knowledge of the α in the receiver gives no performance degradation to knowing a specific set of α-values (up to a SCPIR of 12 dB).
5.2 Power control steps and maximum imbalance

It is proposed that the maximum SCPIR of the α-set shall be 12 dB. In network simulations a SCPIR of 10 dB has been seen to be useful. However, it should be stressed that only two system scenarios have been investigated in this paper. Also, the system level evaluations does only take QPSK modulation into account, see subclause 8.3.2 in [10]. The larger SCPIRs that are allowed the easier it is for SAIC capable MSs to suppress the interference. This can be seen in Figure 3 where the impact to a SAIC MS (GMSK carrier) with MTS-1 and MTS-2 interference has been investigated with difference SCPIR on the external interference.
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Figure 3. Impact on SAIC performance from AQPSK external interference with different SCPIR.
5.3 Rx performance requirements

5.3.1 SCPIR, DL

The link performance at different SCPIR levels of VAMOS MSs (VAMOS I and VAMOS II) has been seen to differ significantly when being allocated on the weaker of the two VAMOS sub channels, see e.g. [5]. VAMOS II MSs has shown to be able to cope with SCPIRs even lower than the proposed 12 dB. It is proposed that SCPIR of 12 dB shall be included in the α-set of performance requirements for VAMOS II MSs. The maximum α to be tested for VAMOS I terminals are left FFS.
6 Conclusions

This document has evaluated the impact on system performance from having different maximum SCPIRs allowed in the base station for the AQPSK constellation. A SCPIR of up to 10 dB has been seen to provide system gains in the scenarios investigated. Since only two system scenarios and one specific implementation of VAMOS has been evaluated the conclusions drawn from these simulations should not solely be considered, but also investigations on MS receiver impacts, such as the one presented in [12], when concluding on a maximum SCPIR for AQPSK.
Based on the evaluation in this paper and the evaluations in [12] a maximum SCPIR of 12 dB is proposed 

Further, it is proposed to only specify a maximum SCPIR allowed and leave the actual set of  α-values in the base station implementation dependent.
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