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GERAN Evolution –

Review of Proposed Candidate Techniques
1  Introduction

The present document provides an outline of the Siemens point of view on proposed candidate techniques for GERAN Evolution contained in the technical report of the GERAN Evolution Feasibility Study [1]. In particular proposals with regard to physical layer improvements are studied. 

2  Proposed Candidate Techniques

In this section the proposed candidate techniques are investigated in terms of performance and compliance to the compatibility objectives defined in [1]. 
2.1  Higher Order Modulation (16 QAM / 32 QAM)
The Higher Order Modulation proposal has been included into the technical report at GERAN#25. Our main concerns on this technique are summarized in the following.

· Performance gain
Studies on the likely coverage gain for 16-QAM compared to 8-PSK were carried out based on real network data from a network using BCCH Reuse 12. The coverage improvement with 16 QAM for various scenarios for the MCS 7 to MCS 9 in EGPRS is shown in Table 1 below.
	
	8PSK

(switching point)
	Coverage
	16QAM

(switching point)
	Coverage
	Coverage gain with 16 QAM based 

MCS 7-9

	MCS 6 ->7
	13dB
	92%
	12dB
	93%
	1%

	MCS 7->8
	17dB
	82%
	14dB
	90%
	8%

	MCS 8->9
	22dB
	65%
	16dB
	85%
	20%


Table 1: Coverage gains with 16 QAM based MCS for EDGE for an example cell in  a real network using BCCH Reuse 12

The switching points from various MCS in case of 8PSK were extracted from the link adaptation results of the 8 PSK based MCS and those for 16 QAM were extracted from literature [2]. It can be observed that the gain in coverage for MCS 7 and MCS 8 are quite insignificant (maximum 8%). For MCS 9 there are gains up to 20% in coverage. 
These gains confirm the moderate throughput gain of 13 % described in [1] for MCS-8 and MCS-9 and hence do not meet the performance objectives neither with regard to coverage nor to the increase of data rates. 
Additionally it has to be noted, that typically a EGPRS TBF starts with a moderate MCS and link adaptation takes some time for MCS upgrade. Hence the utilization of the highest MCS will be even lower than possible, since a lot of data traffic consists of signaling and short time TBFs. This will even lower the final throughput and capacity gain.
· Impact on neighbour cell monitoring
The higher output power backoff for 16 QAM compared to 8-PSK of about 3-4 dB will lead to a reduction in performance gain for power limited scenarios. 
In these cases the BTS is using the maximum output power on the BCCH and hence is only allowed to vary the output power by maximum 2 dB for 8-PSK. For 16 QAM channels, which are likely to be deployed on the BCCH carriers (planned with a sufficiently high frequency reuse >= 12) due to higher required C/I, a higher output power reduction will most probably be needed. Hence a degradation of the neighbour cell monitoring performance of the mobiles can be expected. This impact needs to be studied in more detail for these scenarios.
· Compliance to compatibility objectives 
Higher Order Modulations in general do have a HW impact to the BTS. On the transmitter side higher linearity requirements for power amplifiers are required as well as an increased digital processing power for the BTS receiver. We estimate at least double complexity with regard to a state of the art EDGE transceiver. Hence compliance with the compatibility objective objective to allow operation of evolved GERAN on current network infrastructure in [1] is not met.
2.2  Dual Symbol Rate 
The Dual Symbol Rate (DSR) proposal was identified as a candidate for GERAN Evolution and was included into the technical report at GERAN #25. Our main concerns on this technique are summarized in the following.
· Performance Gain 
Despite the increase in throughput of 70 % to 90 % as stated in [1], a loss in spectral efficiency of 37% to 43% is inherent to DSR using the spectrum of 3 GSM carriers. It has to be noted, that the specified performance gains are obtained for fully BSS synchronized networks, even for areas with lower traffic densities, this may be needed.
· Compliance to compatibility objectives 

This technique is not suitable to allow a plug-and-play network planning. If applied on the BCCH layer, the BCCH layer must not be located at either band edge due the additional guard band which is required by DSR. This might be critical for operators with small amount of spectrum, today utilizing a BCCH frequency block planning and TCH 1/1 reuse. For inclusion into the 1/1 layer or 1/3 layer many cells will be affected in the UL quality and hence actual frequency planning needs to be completely overworked. 

DSR requires the implementation of the Interference Rejection Combining feature in the network if normal GMSK or 8-PSK is received in the same frequency band and no guard band should be required. However this feature was not standardized in GERAN so far. It is expected that most legacy BTS are not utilizing this feature. 

Hence this technique is not compliant to the compatibility objective to allow operation of evolved GERAN on current network infrastructure in [1]. In particular sufficient broad channel receive filters including a margin for the tolerance of those filters need to be available in the BTS as well as a higher digital processing power due to the more complex equalization of the channel impulse response. We estimate at least the threefold complexity with regard to a state of the art EDGE receiver. 

2.3  New Burst Structures and Slot Formats 

The New Burst Structures and Slot Format proposal has been included into the Technical Report of the GERAN Evolution Feasibility Study  at GERAN#25. Our main concerns on this technique are summarized in the following.

· Performance gain
In fact the stated performance gains have been defined for a combination of different techniques. They are not seen to be realistic because of missing performance results on link and system level. 
In particular we believe that

· the impact of velocity on the shortage of the training sequence needs to be investigated. 

· the shift of the training sequence will have a negative impact for DARP terminals relying on a training sequence in each timeslot and hence will reduce expected capacity gains for synchronized networks.

· resource segregation is introduced with the aggregation proposal on RLC/MAC level

· there will be a huge impact on the RLC/MAC protocol, if several types of bursts are defined depending on the number of allocated timeslots. For instance, to perform segmentation, the RLC engine has to know how many timeslots will be (dynamically!) used for each radio block. This completely breaks the principle of independent protocol layers (RLC/MAC and physical layer in this case).  
Thus we expect quite reduced performance gains for realistic scenarios.

· Compliance to compatibility objectives 

It cannot be expected that most legacy BTS can generate the new burst structures and slot formats. Also more complex equalization is required for bursts to compensate Hence this technique is not compliant to the compatibility objective to allow operation of evolved GERAN on current network infrastructure in [1]. 

2.4  Dual Carrier and Multicarrier 
The Dual Carrier and Multi-carrier proposal has been included into the GERAN Evolution Feasibility Study at GERAN#25. We believe that this technique is an elegant way to increase the data rate and at the same time ensure a high level of reutilization of legacy networks. Due to expected asymmetry of data rate requirements for most of the packet data services (web browsing, downloads, etc.), this technique should be designed in a first phase for downlink and in a second phase for uplink. 

In addition to the presented approaches, Siemens has proposed downlink multicarrier diversity transmission [3], where the same information is transmitted over two or more carrier frequencies offering independent diversity branches which also help to reduce transfer delay for PS services in interference limited scenarios. This technique is being further elaborated.
· Performance gain
The performance gain in data rate can be up to 100 % for dual carrier and up to 300 % for quadruple carriers. Especially due to the bursty nature of most internet traffic, higher radio transmission bit rates obtained using multiple receivers at the mobile are advantageous and offer lower latency. Thus Dual Carrier and Multicarrier transmission are seen as well beneficial for reduction of latency in connection with reduced TTIs. 
· Compliance to compatibility objectives 

In order to ensure the highest grade of reutilization of legacy infrastructure, in a first phase the multi-carrier transmission should be based on an independent transmission on parallel transceivers. In a second phase, interrelations between the transmissions need to be studied, such as interfrequency Interleaving and incremental redundancy between the carriers. In any case smooth multiplexing with GSM/EDGE bearers and a minimized BSS impact should be ensured.

For uplink transmission the multi-carrier approach requires the implementation of further transmitters in the MS. This may be disadvantageous both in terms of thermal power and battery peak current consumption. Nevertheless for good and average C/I situation a reduction in transmit power can be assumed. For instance a dual carrier implementation where the transmit power is reduced by 3 dB and combiner loss is avoided by separate transmit antennas in the mobile, the effective output power is not increased. Additional interference diversity due to dual or multicarrier may enable to use shorter TTIs on uplink as well.

Alternatively or in addition, a third receiver in the DL multicarrier capable MS to monitor the neighbour cell situation as well as improved switching between RX and TX are considered to achieve an increased uplink data rate for a DL multicarrier capable MS. This will be investigated further until next GERAN meeting. 

2.5  MS RX Diversity 

The RX Diversity proposal has been included into the GERAN Evolution Feasibility Study at GERAN#25. 
· Performance gain
We believe that this technique especially in the context of dual-mode terminals yields considerable improvements on the downlink both for 8-PSK and GMSK modulated channels related to receiver sensitivity performance and interference performance, provided that the antennas are well designed. A major task is to find the correct way of antenna modeling, taking into account the impact of interferer positions onto the correlation between both terminal antennas. 
· Compliance to compatibility objectives 

This feature has only low impact on the network in terms of radio resource management. The main standardization impact is related to the specification of new radio performance requirements and to the signalling support for that class of terminals, similarly to what has been done for the DARP feature. Certainly MS RX Diversity is an important initial step towards further evolution such as MIMO.
3  Conclusion

This document has investigated the suitability of the so far proposed candidate techniques for GERAN Evolution. We believe that the following techniques
· MS receive diversity
· Dual carrier / Multicarrier GSM/EDGE for downlink in a first phase and for uplink in a second phase
· Latency improvements for RLC/MAC and on burst basis 
are suited fulfilling both performance and compatibility objectives and thus should be further focused in the GERAN feasibility study. We are planning to submit further inputs to the next GERAN plenary.
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