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GERAN Evolution – Uplink Throughput Enhancements with Low Standard Impact 
1 Introduction

For the downlink, two enhancements were agreed under GERAN Evolution: Downlink dual carrier doubles the peak data rate, and MSRD increases both spectrum efficiency and data rate, the latter in particular at the cell edge. For balance between downlink and uplink, it would be desirable to find also an uplink enhancement that meets the objectives of the FS. Since (almost all) BTS have 2 Rx antennas with sufficiently low correlation, spectrum efficiency is already high in the uplink, compared with the downlink. Hence for the uplink, a method to increase data rates has higher priority than a method for higher spectrum efficiency.
Several methods to increase data rates in the uplink were proposed, but 

· either today's Tx spectrum mask cannot be met, 

· or the frequency planning is affected, 

· or the maximum output power or Eb/N0 is lower,

· or the peak-to-average and peak-to-minimum ratios are higher,

· or the midambles are displaced and transmitted less frequently,

· or the proposed method has an impact on BTS hardware. 

Furthermore, there are discussions about how large the benefits from the proposals would really be and whether the implementation complexity would be justified. Some concerns expressed during the meetings were taken into account and some proposals were modified recently to alleviate their drawbacks by changing the symbol rate or the constellation diagram. It is Siemens' view that the level of maturity of the proposals does not fit to the schedule of Rel-7, and the numerous concerns expressed indicate that more analysis is needed and that consensus is still far away. 

Today, the typical EGPRS multislot class is 10 although the GSM standard allows for more than 2 uplink slots. If a few obstacles are removed and if some new multislot classes are defined, handsets supporting much higher uplink data rates can be brought onto the market without radical changes of the air interface. 

2 Timeslot allocation

For type 1 MS which cannot transmit and receive at the same time, 6 uplink timeslots are a realistic limit if one timeslot is needed for the downlink, e.g. to transmit ACK/NACK messages. The following examples are based on a downlink dual carrier MS since MS supporting more than 4 Tx slots can be expected to support downlink dual carrier, too.
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In order not to require too short synthesiser lock time, the local oscillator for the Tx should be used for the monitoring in the following TDMA frame since monitoring need not start right at the beginning of the burst, and a small phase error does not matter either. 

For DTM however, the synthesisers must be able to change the frequency between the end of the down-ramping and the beginning of an Rx burst. Furthermore, the time for monitoring may be shorter than one burst because of timing advance.
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Relaxations for BSIC decoding like those in [5] may be needed.

To support 6 uplink timeslots and at the same time more than 2 downlink timeslots, the MS would need to be type 2 (full-duplex).

For applications such as Netmeeting, web browsing or file upload/download where either the uplink or the downlink clearly dominates, type 1 MS (half-duplex) are sufficient. Networks monitor which direction needs more bandwidth and they adapt the number of uplink and downlink timeslots accordingly. 

For bidirectional video telephony however, high uplink and downlink data rates are needed simultaneously. The uplink transmission would either be limited to 4 timeslots (cf. Fig. 49 in [1]), or a full-duplex MS or a MS supporting dual carrier also in the uplink would be needed.

3 Full-duplex MS

The analysis of full-duplex MS in the framework of GERAN evolution [6] is not completed yet. When either the receiver or the transmitter is inactive, the duplex filter can be bypassed. However, during simultaneous reception and transmission, the duplex filter causes considerable insertion loss in both directions. 

In the downlink, the duplex filter insertion loss and the Tx noise in the Rx band will lower the sensitivity. However, this desensitisation can now be compensated by the new feature MSRD. The intention of the multislot classes 13...18 was to allow for full-duplex operation. As long as the radio requirements do not take inevitable hardware limitations into account, the specified feature will never be implemented. Hence the sensitivity requirements for Rx slots which overlap with Tx slots should be relaxed by e.g. 4 dB for type 2 MS supporting MSRD. MSRD need not be supported simultaneously with downlink dual carrier, the more so as the downlink throughput also benefits from full-duplex operation.

For full-duplex operation, the relevant timeslot assignments will have at least 2 Tx slots. Hence a multislot power reduction by 3 dB would be allowed anyway if MULTISLOT_POWER_PROFILE 0 was chosen. This means that a lower output power due to the duplex filter insertion loss will not require a completely new relaxation. The objective should be that full-duplex MS need only reduce their nominal maximum output power by 3 dB, and this should be permitted. Even if the actual insertion loss of a duplex filter sample exceeds these 3 dB by 1...2 dB, the output power will still fit into the tolerance range. 

The reduction may be limited to those Tx timeslots which overlap with Rx slots.

4 Tx power
From Rel-5 onwards, the MS sends multislot power profiles to the network which indicate for each modulation separately the need for lower output power under multislot uplink operation. 

With regard to average current drawn from the battery and radiated power, a multislot power reduction will probably continue to be needed for GMSK, at least for more than two uplink slots. 

For 8-PSK however, the output power of the usual power class E2 is much lower than the typical GMSK output power. Hence overheating – which was the reason for the introduction of multislot power reduction – is for 8-PSK a little bit less critical than for GMSK. Moreover, the risk that an MS might in the end overheat if it was operated under extreme conditions is not a convincing reason to always apply an output power reduction and a lower multislot class, even at normal conditions where overheating would be no issue. If overheating really becomes imminent, the MS has still the possibility to reduce its RAC to that RAC which it would have declared otherwise right from the beginning. Currently the mobile stations have to declare a RAC which, even at 55 °C ambient temperature, is sustainable over more than 15 minutes (test case 13.16.3). This makes it impossible to exploit the possibility to transmit on a higher number of timeslots, under normal conditions as well as under extreme conditions for the initial duration as long as heating is not a problem. 
Hence it is suggested to usually signal 8-PSK_MULTISLOT_POWER_PROFILE 3, which allows for an 8-PSK output power of 

# uplink slots
low band 
high band

6
27 dBm

26 dBm

8
26 dBm

26 dBm

(Even the GMSK output power should not be higher than what is listed above.)

Uplink dual carrier MS can support even more than 8 effective uplink slots. For designs using two PAs, the 8-PSK output power of each carrier should be also according to range defined in 45.005 for power class E2 with 8-PSK_MULTISLOT_POWER_PROFILE 3. 

Type 2 MS would have to reduce the maximum 8-PSK power to 24 dBm (± tolerances) in low band and 23 dBm (± tolerances) in high band during full-duplex operation. This reduction should be allowed without forcing type 2 MS to generally declare a lower power class or a lower multislot power profile.

5 Data rate increase

Under interference limited conditions where Tx power is not limiting the throughput, the throughput will scale with the number of uplink timeslots. If an MS supporting 6 uplink slots is compared with an MS supporting 4 uplink slots, the link-level throughput increase is 50 %. 

In many cases, the link-level throughput gain will be higher under coverage limited conditions than under interference limited conditions since a higher 8-PSK multislot output power than assumed in the reference will be achievable. In addition to the higher number of uplink slots, the throughput per timeslot will also be higher if higher Tx power is used. This is illustrated based on Figure 2 of [3] (coverage limited scenario, -98 dBm) where the green curve represents today's EGPRS with maximum multislot output power reduction and where the red curve shows what the combination of full Tx power (8-PSK only) with up to 6 timeslots can achieve – unless the MS overheats. The blue curves were left in the diagram just to show that a similar throughput can be achieved without radical changes of GSM's physical layer.


[image: image1]
Figure 1: Uplink throughput comparison
5.1 Data rate increase at the cell edge

In this section, the throughput curves of [2] and the assumption of an Rx level of -109 dBm at the cell edge [2] are used.

The MS is assumed to support 6 uplink slots 8-PSK without output power reduction. This MS is compared with a reference MS that supports 4 uplink slots with 6 dB power reduction as in [2]. The MS's single slot output power is assumed to be 27 dBm for 8-PSK and 33 dBm for GMSK, i.e. 6 dB higher. Hence the Rx level at the BTS will rise by 6 dB after a link adaptation from 8-PSK to GMSK.

	MS
	with multislot class 12 and output power reduction (baseline)
	with higher multislot class and with full output power 

(new)

	Number of uplink slots
	4
	6 (except for overheating)

	Multislot power reduction
	6 dB
	0 dB for 8-PSK

	Rx level at BTS for 8-PSK
	-109 dBm – 6 dB = -115 dBm
	-109 dBm – 0 dB = -109 dBm

	Rx level at BTS for GMSK 
	-115 dBm + 6 dB = -109 dBm
	LA to GMSK not needed in this case

	Throughput per timeslot
	13 kbit/s (GMSK)
	15 kbit/s* (8-PSK)

	Total throughput
	52 kbit/s
	90 kbit/s


* cf. [2], Table 5, line "EGPRS", column "Cell border", and figure 3

The throughput gain amounts to 73 %. However, in the case of overheating, the MS would have to reduce its multislot class and fall back to the baseline (0 % gain). The requirement for mean bit rate increase by 50 % at the cell edge is exceeded if the gain of 73 % is available on average during 70 % of the time. 

Under normal conditions (25 °C, no load mismatch), it is expected that a typical MS won't overheat. Under extreme conditions (55 °C, no load mismatch), it is expected that an MS could continuously transmit on 6 timeslots at 27 dBm 8-PSK for 10 minutes before it overheats. At 90 kbit/s, this would correspond to an upload of 6 MB. For files < 6 MB, the throughput gain would be 73 %, and for files > 8 MB, the throughput gain would be < 50 %. Since file uploads > 8 MB (or uninterrupted sending of more than 25 MMS at 300 kB each) are not deemed typical, we conclude that the requirement of 50 % higher mean bit rate at the cell edge will be fulfilled for the uplink.

6 Impacts on mobile stations

The MS needs to have one or more temperature sensors to detect if overheating is imminent. However, a temperature sensor in the RF part is already state of the art. 

Under normal conditions – 25 °C and 50  load at the antenna port – handsets can be designed to support up to six 8-PSK modulated Tx slots at 27 dBm without overheating. However, in the unlikely event that at least two of the following adverse, unusual circumstances coincide

· high ambient temperature

· substantial load mismatch

· long uplink transmissions without interruption

the MS will have to downgrade either the multislot or the power class by a RAU with the new MS RAC IE [4], the reduction of the multislot class being much more efficient than a power reduction. Although a downgrade of RAC is expected to be a rare exception, MS manufacturers need to be sure that the network reacts to a multislot class reduction within a reasonable period of time. Otherwise, the mobile station might have to stop transmitting. To avoid such a situation, it is suggested to add an appropriate network test in 51.021.
The peak current will not increase, but the average current that the battery needs to support will increase, depending on the multislot class, in particular for type 2 MS.

Typical EGPRS PAs are specified for supporting the maximum GMSK output power (without multislot power reduction) at a duty cycle of 50 %. Hence it can be expected that the support of 8-PSK at 27 dBm with a duty cycle of 75 % requires only an amendment of the PA specification, not a PA redesign. 

The matching of PA and antenna should be designed such that an antenna mismatch, e.g. by a piece of metal close to the antenna, does not increase the heat dissipation in the MS. This may be not achievable for all channels, in particular for quad-band terminals, but even under load mismatch, the transmission can at least start with the full data rate.

Faster or more synthesizers will be needed to support more than 5 uplink slots, in particular if more than one downlink slot shall be supported at the same time (e.g. for DTM). Progress in digital frequency synthesis such as fast locking fractional-N synthesisers allows for faster switching between reception, transmission and monitoring.

New multislot classes need to be supported by the chipset and the software. Today, most chipsets support multislot class 12.

For uplink dual carrier MS, see section 7 of the feasibility study.

6.1 Full-duplex MS

Full-duplex MS will need a duplex filter with bypasses for Rx and Tx direction, and Rx and Tx synthesisers will have to run at the same time. (For the GSM-R band, a duplex filter may be not feasible.) 

The I/Q interface between the baseband and the transceiver chip needs to support simultaneous reception and transmission. 

If the antenna switch causes harmonics during Tx operation, the harmonics could mix down with blockers, and blocking performance might be lower during full-duplex operation. In this case, another relaxation of the GSM specification could be required.
7 Impacts on the BSS

New multislot classes need to be implemented. 

8 Impacts on the core network

No impacts expected

9 Impacts on the specification

Since the standard already allows 

· different output power reductions for GMSK and 8-PSK from Rel-5 onwards,

· the possibility to reduce the multislot or power class if really needed and

· full-duplex MS,

only a few amendments are necessary.

· Definition of new multislot classes: 45.002

· Rx performance relaxation during full-duplex operation: 45.005

· MS maximum Tx power during full-duplex operation: 45.005

· Possibility to change the MS RAC during Tx tests: 51.010

· Test of Rx performance during full-duplex operation: 51.010

· Test of Tx power during full-duplex operation: 51.010

· Test that network supports change of MS RAC during an active PDP context: 51.021

10 Compliance with the objectives

10.1 Performance

–
Spectrum efficiency: No improvement

–
Peak data rates: 100 % improvement, compared with 4 uplink timeslots, requires full-duplex 

MS with sophisticated synthesisers – otherwise 8 uplink slots can be only supported without 

FH. However, 50 % peak uplink data rate increase to 355 kbit/s (at RLC/MAC) can be 

achieved at low extra cost.

–
Improved coverage: Applies for downlink only

(
Improved service availability: Mean uplink bit rate at cell edge is expected to increase by at 

least 50 %.

–
Latency: No improvement

10.2 Compatibility

( Coexistence with legacy frequency planning

( Coexistence with legacy MS

( Avoid impacts on existing BTS, BSC and CN hardware

( Be based on existing network architecture and minimal impact on core network

( Be applicable also for DTM

( Be applicable for the A/Gb mode interface

11 Conclusion
In order to increase the uplink throughput, it is proposed that half-duplex MS use up to 6 uplink timeslots and that full-duplex MS use up to 8 uplink timeslots. Half-duplex EGPRS handsets with RLC/MAC uplink data rates of up to 355 kbit/s and full-duplex EGPRS handsets with RLC/MAC uplink data rates of up to 473 kbit/s will be feasible. Even legacy GPRS networks can benefit from the higher number of timeslots. Moreover, the coverage of 8-PSK multislot uplink transmissions will become larger since multislot output power reduction usually need not be applied. This will help EGPRS extend the coverage of 3G services. In the rare case of imminent overheating, the MS can dynamically adapt its multislot or power class by a routing area update. 

This proposal is based on features which are already part of the GSM standard, but which should be amended in order to become usable. Only a few changes in the standard are required which can be completed in time for Rel-7. 

The proposal complies with the requirements since one performance objective – mean uplink bit rate increase by 50 % at the cell edge – and all compatibility requirements are met and it is expected that all vendors' legacy BTS hardware can support it. It is suggested to add a section about "Uplink throughput enhancements with low impact on the standard" to the FS and to include this contribution except for the sentences in grey colour. 
It is proposed to remove the obstacles that prevent the implementation of already standardised features instead of defining new burst formats, symbol rates, modulations and pulse shapings which cannot be easily deployed because of BTS hardware impact. Once MS enter the market which reach the EGPRS limits shown in this proposal, radical changes of GSM's air interface may be reconsidered for a later release and put on top of this first step if further enhancements are still felt needed. .
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