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1 Introduction

In ‎[1] link simulations for MCS-2 with RTTI time slot allocation has been showed to give a FER of 1 % at C/I = 9 dB after one retransmission if no PAN is included in the radio blocks (in either transmission). With these link simulations in mind it was stated that an acceptable VoIP performance cannot be achieved (assuming 1 % FER on each link) at C/I = 9 dB unless blind retransmissions are utilized.
In this paper similar simulations have been performed with Ericsson’s state-of-the-art link level simulator. It is shown that the residual BLER for MCS-2 with a dual time slot, RTTI, time slot allocation gives a FER of around 1 % in the DL assuming no PAN inclusion. In the UL the FER is negligible when using antenna receiver diversity.
The paper also includes:

· a discussion on the feasibility of using SSN based PAN reporting for VoIP.

· a discussion on the  need of a time based FANR approach.
2 Results
2.1 Simulation assumptions

The simulation assumptions are shown in Table 1.

Table 1. Simulation assumptions.
	Parameter
	Value

	Channel profile
	Typical Urban

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference/noise
	Co-channel (single antenna receiver)

DTS-2 (dual antenna receiver, MRC/IRC)

ES/N0 (dual antenna receiver, MRC)

	Rx Antenna diversity
	No (DL)
Yes (UL, MRC/IRC)

	Tx pulse shape
	Lin GMSK pulse

	Rx filter

  - Bandwidth
	RRC1
   240 kHz

	RRC rolloff
	0.3

	Time slot allocation
	Dual time slot, RTTI

	Round trip time
	80 ms

	Incremental redundancy
	1 retransmission

	MCS
	EGPRS MCS-2

	PAN
	Size

· Uncoded: 20

· CRC: 6

· Punctured: 48

	Impairments:

– Phase noise

– I/Q gain imbalance

–I/Q phase imbalance

– DC offset

– Frequency error

– PA model
	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]

Yes/   -

	Simulation length
	15000 radio block per simulation point for data performance.

	Note 1: The 3 dB bandwidth of the RRC filter before windowing.


The punctured size of the PAN has been chosen to be 48 bits following the assumption in ‎[2].

An implementation margin is included in the results presented.

2.2 Simulation results
2.2.1 DL

For the DL simulations a single antenna receiver has been assumed.
[image: image1.png]—BLER#1 w/o PAN

—---BLER#2 w/o PAN
——BLER#1 w/ PAN

—~~BLER#2 w/ PAN

N
12

4

1

i
10

8
C/[dB]

10°

i
=]

d37g [enpissy

i
‘o

10°




Figure 1. MCS-2 with one IR retransmission in DTS mode with and without PAN (C/I = 9 dB is indicated with a black dotted vertical line).

It can be seen that a FER of 1 % is achievable in the DL if one retransmission is assumed to be possible. When including PANs the performance will be somewhat degraded but the PAN inclusion rate is not expected to be higher than the first time BLER, .i.e. around 20 %. Also, it can be assumed that the short Ack/Nacks can be piggybacked on other, non delay sensitive services, reducing the inclusion rate even further. Thus, a PAN inclusion in both IR transmissions is not probable.
2.3 UL
In UL, antenna receiver diversity is seen as the most important scenario due to the large penetration of dual antenna receivers in the BTS.

The simulations include receive diversity in both an interference limited scenario (IRC) and in a sensitivity limited scenario (MRC). Considering what is mostly implemented in base stations today, MRC is seen as the most important scenario. For MRC, both an interference limited scenario and a sensitivity limited scenario has been considered.
In Figure 2 results from both scenarios are considered. The SINR consist of a mixed DTS-2 interferer scenario for the interference limited scenarios (both MRC and IRC), while for the sensitivity scenario the SINR corresponds to of Es/N0.
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Figure 2. MCS-2 performance with dual antenna receive diversity (C/I = 9 dB is indicated by a black, dotted, vertical line).
It can be seen that the residual BLER is well below 1 % even after the first transmission for both the interference and sensitivity limited scenarios. From this, it can be concluded that for a VoIP service operating on the cell border, the loss of RLC packets on the UL will have a negligible effect on the overall performance of the service.
3 Discussion

It has been seen that it is possible to achieve a DL BLER of slightly more than 1 % using MCS-2 in RTTI time slot configuration. In the UL, it has been seen that there is no problem to reach 1 % BLER assuming a dual antenna receiver.
In previous contributions, see e.g. ‎[1], it has been proposed to use a time based FANR, in order to make it feasible to use VoIP in bad radio conditions, e.g. at the cell border. 
Considerations with this approach are:
1. PCU in the BTS

· The largest gain by using the time based approach is assumed to come from the placement of the fast Ack/Nack mechanism in the BTS resulting in a reduced RTT. However, the PCU does not have to be placed in the BSC, as assumed in ‎[1], thus the same gain in reduced RTT can be assumed with the SSN based approach without the drawbacks of splitting the Ack/Nack and scheduling functionalities between two nodes.
2. Receive diversity in the UL

· Due to the large penetration of BTSs with dual antenna receivers, this should be assumed in evaluating the performance in the UL. The gain by using a two antenna receiver varies dependent on the scenario, but from results presented in this document it is clear that in both a interference limited scenario and a sensitivity limited scenario it is possible to achieve a first time FER lower than 1 %. It should also be noted that the current working assumptions for HUGE (UL) is to simulate with receive diversity, due to the argument above. The improvements given by receiver diversity in the UL will make the DL the limiting link for the VoIP service, thus no further improvements of the UL would be needed.

3. Pre-emptive retransmissions
· It is believed that pre-emptive retransmissions can be used both in the UL and DL in order to make the transmission links more robust, if needed. In the DL the PCU will have the option of using blind retransmissions as indicated in ‎[1]. In the UL it is possible to USF schedule the MS with more USFs than the bandwidth needed for the service. Since VoIP is a low bandwidth service, using pre-emptive retransmissions in the UL will make that link more robust.

4. Lower the MS reaction time to 10 ms (require a standard change)
· A simple solution that will further reduce the RTT in both UL and DL directions. For this, a change is needed in the current working assumptions.
4 Conclusions

From simulation results shown in this paper it can be concluded that VoIP requirements, of FER ≤ 2 %, can be fulfilled at C/I = 9 dB using MCS-2 in RTTI mode (based on link level simulations) in contrast to what was concluded in ‎[1]. The main difference between the simulation assumptions is that a dual antenna receiver is assumed on the UL, which is seen to be the typical receiver in the vast majority of base stations. Although both IRC and MRC have been considered in the simulations, the conclusions have been based on an MRC implementation which is seen to be the most commonly used receiver algorithm.
Also, additional arguments show that further improvements of the transmission links of the VoIP service are possible by using existing functionalities already available and used today.
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