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Discussion paper for GERAN Evolution

1. Introduction

The need for a feasibility study on further GERAN evolution was identified in GERAN#23 [1]. This document lists some general targets and illustrates some major candidate items, which could as well enable a set of other smaller items, as next steps on the GERAN evolution path.

This document is meant as seed for further discussions.

2. GENERAL TARGETS FOR GERAN EVOLUTION

2.1 End user performance

GERAN evolution should support service continuity in WCDMA EDGE multi radio networks. 

GERAN evolution should provide consistent performance improvements for the end user, e.g. the focus should not be laid on peak bit rate improvements alone. The service experience is affected by several items, most of which are GERAN-related, for example: 

· Service application performance 

· Transport and signalling protocols, 

· Channel access times and handover performance, 

· SDU size related overhead, latency and packet loss, 

· RLC level throughput, transfer delay and FER.  

All affecting items need to be consistent in order to provide noticeable improvement in service performance. The magnitude of improvements targeted from GERAN evolution should fit with the real service demand. 

2.2 Radio performance

The evolution should provide significantly higher spectrum efficiency for both voice and data and high hardware utilisation of the BSS.

The existing EGPRS RLC/MAC should be re-used allowing for example to perform incremental redundancy with existing modulation and coding schemes. 

2.3 Compatibility

The possible enhancements shall be compatible with legacy (E)GPRS terminals by allowing multiplexing of shared resources and thereby avoiding radio resource segregation. 

The enhancements should not imply frequency replanning and should fit within the capability of legacy GERAN BSS.  

Possible evolution items should be applicable also for Dual Transfer Mode.

GERAN evolution should have minimal impact to the core network excluding possible dimensioning impact due to improved performance. 

3. DOWNLINK

Currently, the average end user bit rate on EGPRS downlink varies between 80…160 kbps, depending on the multislot class. These figures are reasonable for most packet services like email, web browsing, file transfer and enterprise intranet access. These services will however benefit from increased throughput. However, some streaming servers assume 384kbps data rate for the client, thus aiming at doubling the current downlink data rates may be justified.

Some possible evolution items for downlink are described below.

3.1 MS diversity

DARP (SAIC) performance has been found to yield significant gain in terms of spectral efficiency. Adding a second antenna in the MS will besides the diversity gain, allow for even better interference cancellation performance for GMSK modulated signals as well as gains for 8PSK modulated signals. 8PSK throughput versus Eb/N0 with and without diversity is included in Figure 2.

Even with a relatively small penetration rate, MS diversity could thus improve service performance by e.g. improving average bit rates, reducing FER, BER and latency. Thus MS diversity may even enable new services in addition to improve existing ones. Spectral efficiency gains could be obtained with sufficient terminal penetration. 

3.1.1 Terminal Impact

MS diversity would have significant impact to the terminal implementation, thus it may be unrealistic to expect spectral efficiency gains by it, but gains in individual end users’ performance may be obtained. 

3.1.2 BSS Impact

BSS impact could be limited to optimisation in radio resource management and other supporting enhancements. 

3.2 Dual Carrier (DL)

Dual carrier assumes that the MS has two independently tuned receivers, which could enable doubling of downlink data rates. RLC/MAC could be designed so that incremental redundancy between carriers is possible and measurement reporting supports optimal link adaptation for both carriers. The related uplink with single transmitter on MS may alter between allocated carriers according to the dynamic allocation. Multplexing of legacy and dual carrier terminals would be seamless. 

Benefit on service performance related to complexity would get smaller for more than 2 carriers, although peak bit rate may be improved. By combining downlink dual carrier with different multislot classes could yield up to 947kbps anyway.  

3.2.1 Terminal impact

Dual carrier would have significant impact to the terminal implementation. 

It would be very unrealistic to consider 2 transmitters on terminal, thus this is candidate for DL only.

3.2.2 BSS Impact

Dual carrier should not have hardware impacts to the BSS. 

3.3 MIMO

Downlink MIMO assumes that 2 transceiver units from BSS are fed to 2 different antennas and also dual antenna terminal. The BSS should transmit 2 data streams separated by orthogonal training sequences and different antennas. Compared to MS diversity, MIMO would provide higher peak bit rates. MIMO transmission is not compatible with legacy mobiles, thus multiplexing would not be straightforward. The gain depends heavily on channel correlation and is mainly obtainable in rich multipath environment, thus MIMO may need new link adaptation scheme.

3.3.1 Terminal impact

Receiver complexity for downlink MIMO would be significantly higher than for MS diversity.     

3.3.2 BSS Impact

DL MIMO needs separate antenna paths for transmitted signal and would likely introduce multiplexing issues like having separate resources for MIMO and non- MIMO terminals. While needing 2 transceiver, the BSS hardware utilisation is not improved. 

4. UPLINK

Currently data traffic is mostly downlink biased, but e.g. increase in amount of pixels of integrated cameras and, improved imaging services like video-sharing would likely add demand for higher uplink bit rates especially at cell border, where multi slot power reduction may limit available bit rates. 

As a baseline for further enhancements it could be assumed that EDGE BSS uses interference cancellation with 2 antennas. 

4.1 Dual Symbol Rate

Dual symbol rate would use 8PSK modulation with 2 times higher symbol rate, resulting in about 540kHz wide spectrum and double uplink bit rates, e.g. up to 236kbit/s with 2 uplink slots. One radio block could carry 2 times the number of current RLC, which could enable incremental redundancy with current MCSs. Dual symbol rate could improve the spectral efficiency of BCCH carrier on uplink. 

Dual symbol rate is likely not applicable in downlink until diversity MS penetration is high enough to offer tolerance against interference of wider signal bandwidth.

The spectrum of 8PSK dual symbol rate compared to normal GMSK modulation is shown in Figure 1. Throughput of dual symbol rate versus Eb/N0 with UL diversity and without impairments is depicted in Figure 2. Same transmission power is used for all cases and Eb/N0 is normalized to reference 8PSK EDGE to allow straightforward comparison.
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Figure 1 Spectrum of dual symbol rate (RRC, roll-off=0.3)
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Figure 2 Link performance of dual symbol rate compared to EDGE

4.1.1 Terminal impact

Dual symbol rate has small impact to terminal and HW changes could be limited e.g. to the modulator and RF parts. Linearity requirements e.g. due to peak to average ratio are similar as for EDGE.

4.1.2 BSS Impact

The BSS should have receiver that has sufficient receiving bandwidth and also processing power for double amount of uplink data. If dual symbol rate is applied on the BCCH carrier it may not need changes on frequency planning.  

It could be assumed that neighboring BTSs use interference rejection combining, thus those are robust against uplink interference from other cells.

5. LATENCY

Extended Uplink TBF (Rel4) has improved the roundtrip time of (E)GPRS in RLC ACK mode to a reasonable level (typically 250ms…300ms) that could satisfy users in most packet applications. In RLC unACK mode roundtrip times are typically 200 ms or less.

Recently the interleaving depth of ECSD has been reduced from 110ms to 60 enabling sufficiently low latency for video telephony. By lowering current 20ms PDTCH interleaving would reduce radio performance, add complexity and increase amount of retransmisison, thus current 20ms minimum should be kept.

For TCP the TCP window size divide by roundtrip time determines achievable throughput. Typically default TCP receiving window size is 8kB, but can be adjusted to 64kB or even more with TCP extensions. Assuming that most users will use default TCP parameters, those above mentioned downlink enhancements   providing up to double throughput would then need halved roundtrip time, about 150ms. 

According to ITU-T G.114 [2], less than 280ms mouth-to-ear delay should keep voice users satisfied. Assuming that 95% latency of Internet is 100ms, receiver has optimised de-jittering and voice encoding and decoding time is 30m, the equivalent BSS RTT contribution should be then about 150ms or less for unACK RLC mode. That equivalent RTT value may be sufficient for other conversational services including real time gaming. 
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Figure 3 User satisfaction versus Mouth-to-Ear delay [2]

The BSS implementation may be optimised to provide sufficiently low latencies in balance with enhanced throughputs offered by GERAN evolution. So there is no need to speficy e.g. architectural changes to BSS. 

Some latency improvements may also require specification changes (e.g. L2 signalling) and should not be omitted. 

6. ConclusionS

The following table compares different evolution item candidates related to general targets for GERAN evolution. The fitness of evolution item candidates is indicated by sum of scores. 

	
	Downlink
	Uplink

	
	MS diversity
	Dual Carrier 
	MIMO
	Dual Symbol Rate 

	Spectral efficiency
	+
	
	+
	+

	Average data rates
	+
	++
	+
	++

	Service coverage 
	+
	++
	+
	++

	Multiplexing with EGPRS
	++
	++
	- -
	++

	MS implementation
	- -
	- -
	- - -
	-

	BSS implementation
	++
	+
	-
	- -

	Sum
	5
	5
	-3
	4


Nokia proposes that MS diversity, Dual Carrier (DL) and Dual Symbol Rate (UL) should be studied further as major layer 1 related items during a feasibility study for Future GERAN evolution. As said earlier it is also essential to ensure a balance between data rate and latency improvements.
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