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Evaluation of timeslot aggregation for uplink

1 Introduction

Aggregated timeslots for multislot transmission on uplink was proposed as a possible uplink enhancement for GERAN Evolution [2]. This contribution highlights some of the issues with the proposed concept and its feasibility. 

2 Physical layer issues

Removal of training sequences from some uplink timeslots would have impact on the equalizer performance. It was already shown that depending on the velocity, the loss in performance could be as large as 4 dB in some cases [3]. Simulation results in this contribution (for the GSM 1800/1900 band) show that there is significant loss for the higher velocities. 

Interference limited scenarios are critical for such a long burst because, in the presence of normal EDGE interferers, interference experienced by each burst will be completely different and hence the lack of a TSC in some bursts could lead to worse performance in such cases. The interference scenario shown in Figure 1 is simulated. All the interferer timeslots shown are assumed to be of same mean power. At this point interference cancellation is not used. However it should be noted that there would be negative effect on the performance of interference cancellation too, because of the longer burst.
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Figure 1: Interference scenario simulated

Note: The lengths of the burst shown above are not to the same scale.

Simulation results in Figure 2 show that there is a significant link level performance loss because of suboptimal equalization. The results are summarized in the Table 1.

	
	Loss in dB for TU 50 channel
	Loss in dB for RA 130 channel

	
	2 TS
	3 TS
	4 TS
	2 TS
	3 TS
	4 TS

	10% BER
	0.7
	1.6
	2.7
	3.8
	13
	> 20

	8% BER
	0.9
	2
	3.5
	6
	> 20
	> 20

	5 % BER
	1.2
	2.2
	5
	> 20
	> 20
	> 20


Table 1: Summary link level simulations with co-channel interference
Such a link level loss would simply negate any gains achieved through timeslot aggregation. 

Similar results for noise limited scenarios are also shown in Figure 3. It can be seen that again significant losses can be expected at higher velocities. 

Equalizer used for the simulations already includes channel tracking to compensate the channel variations during the longer burst. 


[image: image2]
Figure 2: Co-channel interference performance – 8 PSK
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Figure 3: Sensitivity performance - RA 130 noFH – 8PSK 

The probability of error on the bits depends on the position of the bits in the burst. With the aggregated bursts, the probability of error on the bits could be significantly worse towards the burst edges. Figure 4 shows the error rate on the bits depending on the bit position. With the aggregated bursts, the bit error rate would vary significantly over the whole burst, and the average BER is much higher for aggregated timeslots than for single timeslots. 
If the large variation in BER within the aggregated timeslots translates in less optimum soft values, the BLER which is already compromised by the higher average BER will be further deteriorated by a suboptimal channel decoder performance. 

Besides the channel impulse response, there are various parameters which 8-PSK receivers can estimate based on the training sequence and these algorithms suffer because of lack of training sequences. The actual performance of channel decoding is not evaluated at this time (new MCS have not been proposed yet) however BLERs should definitely be considered to evaluate true gains from this proposal. 

[image: image4.emf]
Figure 4: Bit error probability vs Position in the burst (taken from the simulation of a 4 slot aggregated burst) – Cochannel interference

Note: Higher BER is experienced by every third bit in the 8 PSK symbol hence there are two distinct traces of BER profiles in the plot for each physical channel mode.

3 Higher layer issues

New MCS schemes are needed for this concept. Note that for different levels of aggregation at the physical layer, different set of MCS schemes need to be defined – for instance, assuming that aggregation of 2 to 4 timeslots on uplink is proposed; it is necessary to define a total of 27 new MCS schemes which involves huge standardization and implementation effort. 

A change in the number of allotted timeslots on the uplink at the physical layer leads to an automatic change in the MCS scheme because of aggregated timeslot configurations and this is undesirable. This might need complicated inter layer communication between the physical layer and the RLC/MAC layer both at the sender and the receiver. The impact to higher layers could be reduced by keeping the existing RLC block sizes unchanged and accommodating integral number of RLC blocks in an aggregated time slot. However, this approach would sacrifice a little bit of the peak throughput.
There will be some implications on the incremental redundancy support across different new MCS schemes and this will lead to further losses from the system perspective if seamless incremental redundancy support is not possible across all the new MCS schemes. 

If one of the uplink timeslots is a CS timeslot, then it is likely that aggregation of that CS timeslot is not possible. In such a case, in order to make the aggregation among the PS timeslots feasible, the CS time slot has to be moved to either the beginning or to the end of the allotted uplink timeslots. Whilst this is not a problem in general, it should be noted that in some cases, the CS timeslot has to stay in between the uplink PS timeslots [4].

In EGPRS the control messages are transmitted using CS-1. The timeslots on which these control messages are sent can not be aggregated with other timeslots. Since the network does not know in advance when exactly a MS transmits a CS-1 coded control message, the network would have to find out by blind detection if all allotted timeslots are aggregated or if there is a separate CS-1 coded timeslot. This blind detection would be somewhat tricky since the positions of the TSC(s) depend on whether all timeslots are aggregated or not. Moreover, the payload which is transmitted at the potential positions for the TSC(s) could cause blind detection errors and compromise the uplink performance.
4 Conclusion

It is expected that aggregation of timeslots has huge implications both on performance from the physical layer perspective and implementation from the RLC/MAC layer perspective. The gains from this proposal are expected to be rather low and would be offset by either suboptimal equaliser performance or suboptimal channel decoder performance or both. The performance of the interference cancellation algorithms is expected to be poor because of lack of training sequences. The equaliser performance for higher velocities is expected to be significantly worse – up to 6 dB worse even for just 2 time slot aggregation at 8% BER and more than 20 dB worse for more time slots being aggregated.
This proposal needs a huge number of new MCS schemes to accommodate the new payload sizes and incremental redundancy support across all the new MCS schemes could also be suboptimal leading to further losses in performance. The change in MCS scheme based on number of time slots used at the physical layer is seen as impractical. 

Hence, aggregation of timeslots is not recommended as a candidate for uplink enhancement for GERAN evolution.

It is proposed to include section 2 and section 3 of this contribution in the GERAN Evolution feasibility study document.
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