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1 Introduction

At GERAN#24 a work item with support of a large number of companies was opened to start investigations on further evolving the GERAN standard both in terms of services and performance [1]. Different candidate techniques have been proposed in [2], [3] and [4] so far. This paper depicts Siemens’ view with regard to suitable candidates for evolving GERAN and discusses which candidates are more likely to be included in the next Release 7 of the GERAN standard.

2 Candidate Techniques for GERAN Evolution

In this section the candidate techniques proposed in [2] and [3] are discussed. Additionally, new possible candidates are listed.

2.1 Physical Layer Improvements

Physical layer improvements should be directed towards an increase of the service bit rates, coverage and spectral efficiency and at the same time a decrease of the latency over the air interface. In addition, the requirement of a minimised impact on the network infrastructure needs to be satisfied.

2.1.1 Dual Antenna Terminals

Dual antenna terminals using antenna diversity are optionally used for HSDPA in UTRAN [5], thus they are becoming attractive for GERAN as well, especially in the context of dual-mode terminals.

Antenna Diversity at the MS is an attractive feature for yielding 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. This feature has only low impact on the network in terms of radio resource management [2]. 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.

The space for a second antenna in the MS should not be reserved at the expense of the first antenna's performance, the more so as this would not only compromise the mobile station's sensitivity, but also its radiated power. To ensure a good radio performance in the field, the receiver performance requirements for Rx diversity MS need to be specified over the air. GERAN can expect to benefit from the work item "MS Antenna Performance Evaluation Method and Requirements", see [7].
2.1.2 Multi-Carrier GSM/EDGE

Multi-carrier GSM/EDGE is an elegant way to increase the data rate and at the same time ensure a high level of reutilization of legacy networks [2]
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[3]. This concept should be applied only for the downlink, for the reasons given in section 2.1.2.2. Moreover, due to the asymmetry of data rate requirements for most of the packet data services (web browsing, downloads, etc.), an enhancement of the downlink data rate is more urgently required.
2.1.2.1 Downlink Transmission

The dual carrier approach taken in [2] is fully supported by Siemens. This will enable a doubling of the service data rates. However the quadruple carrier proposal from [3] may be investigated as well during the feasibility study. 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.

In addition to the presented approaches, Siemens proposes downlink multicarrier diversity transmission, where the same baseband signal is transmitted over two or more carrier frequencies offering independent diversity branches. Although the scheme requires additional downlink resources, it allows application of interference cancellation and therefore provides huge gains in interference-limited scenarios and therefore an increase in system capacity. Downlink multicarrier diversity can be applied with single-antenna terminals using 8-PSK modulation. Details are presented in [6].

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 could be studied, such as Inter-frequency Interleaving [3] and Incremental Redundancy between the carriers [2]. Smooth multiplexing with GSM/EDGE bearers [3] and a minimized BSS impact should be ensured.

2.1.2.2 Uplink Transmission

For uplink transmission the multi-carrier approach would require the implementation of further transmitters in the MS. This is disadvantageous both in terms of thermal power and battery peak current consumption. Thus this option is not considered as suitable.

However, even by just allowing multicarrier reception in the downlink, it may be possible to increase the uplink data rates. For instance, the definition of higher multislot classes with effective sum=8 could be studied for the case of dual-carrier reception, as shown in Figure 1.
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Figure 1: Example of higher multislot classes with effective sum=8 using a second receiver for downlink reception.

NOTE:
In the case of PS services, the usage of the USF for the uplink transmission will need to be clarified.

NOTE:
8-PSK transmission in the uplink may be more suitable due to the power reduction needed for GMSK modulation.

The possibility to transmit on more timeslots in the uplink is also available (with a suitable power reduction in the uplink), if the MS receives on a reduced number of timeslots on each carrier in the downlink or if advanced means for neighbor cell monitoring are employed.

2.1.3 New Modulation Scheme: 16-QAM

The investigation of the usage of the 16-QAM modulation scheme both for downlink and uplink has been proposed in [3]. By this an increase of the peak data rate and of the coverage area for less robust EGPRS coding schemes similar to MCS-8 and MCS-9 is claimed which would be beneficial for mobiles at the cell boundary.

However, the 16-QAM constellation diagram causes a higher peak-to-average ratio than for 3/8-8PSK. This results in a need for a higher Tx power back-off and thus a lower available Tx power, which will deteriorate the link budget at the cell border and diminish the expected coverage benefit.

Furthermore, the benefit from the higher order modulation scheme under good radio conditions will be limited since 16‑QAM is more sensitive to RF impairments such as phase noise and I/Q imbalance.

In Siemens’ view, 16-QAM will require significant HW changes both in the BTS and MS related to the design of a new modulator, equalizer and possibly also of new transmit filters. Linearization requirements for power amplifiers have to be assessed. Hence there will be a considerable standardization impact as well.

Therefore Siemens believes that this technique should be studied in the context of Release 8 or later.

2.1.4 Dual Symbol Rate

An alternative proposal to enhance the uplink data rate is the dual symbol rate technique [2] based on the transmission of shorter 8-PSK symbols with a halved symbol duration compared to current 8-PSK. In [2] it is stated that the terminal impact is small, and only HW changes for modulator and RF part are required. The network impact is specified in such the BTS receiver should have ’sufficient receiving bandwidth and sufficient processing power as well’. Advanced algorithms such as Interference Rejection Combining are assumed for the BTS.
Siemens does not agree on the necessity to investigate techniques such as Dual Symbol Rate for the uplink with regard to inclusion into Release 7. This will have a major impact on the network side creating the need for new RF equipment and new equalizers in the base stations.
The proposed definition of a wideband carrier containing double user bit rate with a signal bandwidth of 540 kHz and hence occupying at least 2 GSM carriers in relation to the 200 kHz raster, will result in a decrease of spectral efficiency. In GSM certain restrictions are given on the use of 1st and 2nd adjacent carriers in the same cell, which is likely to be extended to 3rd and 4th adjacent carriers if the spectrum roll off is not significantly modified by a new modulation filter.
In addition it has to be taken into account that with the same transmit power and double bit rate the energy per bit is halved. Moreover, the same transmit power is not realistic since the different pulse shaping leads to a higher peak-to-average ratio, and a higher output power back-off will be required. Hence, the loss in energy per bit and consequently the loss in the link budget will exceed 3 dB. It is not clear how this wideband carrier can be embedded in a legacy network having no Interference Rejection Combining algorithms implemented in it. It is estimated that the impact on network frequency planning will be rather large. By the way, since wider Tx filters will be needed, MS transmitters will radiate more noise, in the Tx band as well as in the Rx band. Furthermore, the requirement for enhanced user data rates for the uplink is not that urgent today to justify this kind of modification. Hence this technique should not be pursued in the feasibility study, keeping in mind the goal of minimized impact on the network infrastructure.

2.1.5 MIMO

More sophisticated techniques like MIMO should be left for later releases (Rel-8 and beyond) as the current Work Item in TSG RAN shows that considerable effort is required both for radio channel characterization and for standardization of the evaluation system.

2.2  Latency Improvements

Further decrease of latency should also be focused on during the feasibility study, in particular on improving the RTT in the PS domain. This may be anyway required for achieving the support of conversational services over PS domain in GERAN. Hence reductions of latency both on the GERAN air interface as on BSS internal interfaces are targeted. Although no architectural changes are aimed at, impacts to current Gb interface created by the evolved GERAN have to be studied as well.

2.2.1 TTI Reductions

The investigation of reduced TTI sizes in order to shorten the delay of one radio packet over the air interface is proposed in [3]. In particular in the context of multi-carrier GSM/EDGE this is possible if interleaving over different carriers is employed. Thus a TTI size of 10ms (as in UTRAN) for dual carriers or even 5ms for quadruple carriers is suggested.

Siemens believes that this technique should be considered in conjunction with the multi-carrier approach (although limited to a dual-carrier approach).

2.2.2 Improved ACK/NACK Reporting 

In order to reduce the BSS internal delay for data services in RLC acknowledged mode, in [3] it is proposed to implement an event based packet downlink ACK/NACK reporting mechanism without the need for periodic polling from the BTS. Furthermore the usage of uplink PDTCH (Packet Data Traffic Channel) blocks to include ACK/NACK feedback could be analyzed in order to reduce the feedback delay in acknowledged RLC mode.

Siemens believes that this technique could be considered in the feasibility study more generally in the context of latency optimizations for RLC/MAC.

2.2.3 Access Time Reductions

Related to the setup of bidirectional realtime services over the PS domain, access time reductions are also considered in [3]. In particular, a procedure is suggested to enable combined setup of DL and UL TBFs as response to a channel request on the common control channel (CCCH/PCCCH).

This technique should be considered with regard to the support of conversational and other real-time services over PS domain in GERAN.

2.3 Mobility Improvements

In [3], improvements to mobility procedures are considered necessary. This is related both to procedures in idle and active mode in order to optimize service quality. In particular the current standardized cell selection procedure in idle mode and the GPRS cell reselection procedure in active mode lead to suboptimum serving cells, especially in the case of tight frequency reuse networks. Likewise for a CS call neighbor cell measurements are slow and inaccurate due to insufficient and inefficient BSIC decoding in these networks.

This aspect should not be part of this work item as the primary scope of this aspect is related to current network deployments. For this a separate work item should be opened if consensus is achieved in GERAN that the above mentioned procedures need to be improved.

3 Impact on GERAN Release 7

Summarizing the discussion in section 2, Siemens believes that, with regard to the feasibility study and to the following standardization in GERAN Release 7, the most likely topics to be finalized are:

· MS receive diversity
· Dual carrier GSM/EDGE for downlink, including DL carrier diversity
· Latency improvements

Siemens would encourage an early agreement between the contributing companies, so as to focus the efforts during the relative short feasibility study.
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