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1. Introduction

In the previous meeting at Sophia Antipolis, several documents were presented considering the pain vs gain of macro diversity in the uplink. This paper presents some simulation results considering the gain of macro diversity at link level, taking into account also frequency domain scheduling as an alternative means of obtaining diversity gain

2. Soft Handover and Frequency Domain Scheduling

Soft handover improves link level performance via at least two mechanisms; selection combining gain (or, in the case of softer combining soft combining gain) and additional diversity. Figure 1 shows gain due to soft combining for a selection of link imbalance conditions in AWGN for a rate 1/3 turbo coder.  Clearly, the gain due to selection combining is quite low. Although for higher coding rates a small increase in the selection combining gain may be achieved, it is clear that most of the soft handover gain comes from the macrodiversity factor.
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Figure 1 SHO/Non SHO BLER performance in AWGN for link imbalances from 0 to 1dB.

One way of viewing the macrodiversity gain of soft handover is that, if radio links vary in time between “good” and “bad”, then increasing the number of links increases the probability that at least one of the links is “good”, assuming that the fast fading is independent. Time/frequency domain scheduling refers to a process by which the basestation allocates UL resources to UEs on the basis of selecting time/frequency chunks that have good channel conditions for the allocated UE.  Scheduling considering radio links to multiple basestations has significant architectural implications and is considered infeasible, hence it is assumed that a “serving” basestation will make UL allocations to a UE considering only its own radio links. Since this serving basestation will aim only to schedule the UE in time/frequency chunks for which there is no fade; i.e. good links, then the UE should have a good link to the serving basestation for most of the time that it transmits if the scheduler has sufficient degrees of freedom in allocating resources. Macrodiversity gain would then be negligible, since other radio links would be unlikely to provide better SNR.

In some cases, the UE may be utilising most of the UL resources available at the basestation, in which case the scheduler would have limited scope for taking advantage of frequency domain scheduling. In these cases, however the UE will be utilising a wide bandwidth and in a reasonable multipath environment, a significant amount of frequency diversity would again reduce the additional gain of soft handover.

3. Link Level SHO simulations

3.1 Simulation outline

In order to investigate the gain on individual radio links from soft handover and time/frequency domain scheduling at link level, simulations were performed assuming some typical distributions of link imbalance conditions.

Pathloss estimates considering pathloss and shadow fading were generated for a large population of UEs distributed uniformly within the “soft hondover zone” of a sub-urban macrocellular environment. The “soft handover zone” was defined as being areas in which the lowest link imbalance was less than 6dB. The pathlosses for these UEs to the surrounding cells (inter- and intra- site) was logged.

During the link level simulations, UEs were simulated one at a time considering their relevant pathloss values. In each simulation run, scheduling was modelled by selecting time/frequency chunks that yielded the best SNR under the following conditions:

· One user payload had to be scheduled every 5msec

· The scheduler was allowed to allocate a maximum of 2.5 msec contiguous TTIs within the 5msec and a minimum of one TTI.

· Within each TTI, the scheduler could allocate any number of frequency chunks up to the UE bandwidth, but allocated frequency chunks had to be contiguous in frequency (SC constraint)

SNR was calculated based on the links from the UE to the serving Node B, and taking into account soft combining across sectors.

Perfect power control with an update rate of 5msec was applied and no AMC. The performance metric for the simulations was the reduction in mean UE transmit power achieved by SHO and/or time/frequency scheduling.

Two scheduling scenarios were considered:

· In scenario 1, the user payload consisted of 12 time/frequency chunks; this represents the situation where user throughput is not large (100-150kbps), because a large number of users are scheduled or the user is power limited

· In scenario 2, the user payload consisted of 150 chunks; this represents a situation in which user throughput is larger (2-4Mbps); for example the user is not power limited

Furthermore, 2 interference scenarios were considered. In the first, interference is assumed to be constant across time/frequency chunks, as might be expected if perfect interference co-ordination is applied. In the second, the interference level was allowed to vary randomly between chunks (with 6dB variance), as might be expected from inter-cell interference which is difficult to coordinate.

Also simulated was the link level gain of a single user with 2 radio links to different Node Bs (with no variation in interference level) in order to quantify the soft handover gain vs link imbalance.

3.2 Simulation results

Single UE, Link imbalance vs gain

The following results relate to a single UE with two radio links to different Node Bs.

[image: image2.emf]0

1

2

3

-10 -8 -6 -4 -2 0

Link Imbalance (dB)

Gain of Soft+Softer HO (dB)

20MHz, No Scheduling

5MHz, No Scheduling

20MHz, Time/Frequency

Scheduling

5MHz, Time/Frequency

Scheduling


Figure 2 Link Imbalance vs SHO gain for scenario 1
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Figure 3 Link Imbalance vs SHO gain for scenario 2

Figure 2 indicates the gain of SHO vs link imbalance for scenario 1, considering also time/frequency scheduling. When no scheduling is applied, the gain of SHO is surprisingly large. This large gain arises from the fact that the 12 chunks are distributed such that only 1-2 chunks per TTI are allocated. At that low bandwidth, fading is almost flat across the utilised chunks and so there is no source of frequency diversity; thus the macrodiversity gain is strong.

Clearly, the difference between the 5MHz and 20MHz UE bandwidths is small; the gain with no scheduling should be independent of the UE bandwidth.

When time/frequency scheduling is applied, the additional gain due to soft handover falls to zero for the reasons explained in section 2.

Figure 3 indicates the gain of SHO for scenario 2. In this case, the utilised bandwidth is much larger. Thus frequency selectivity across the utilised chunks exists and the presence of frequency diversity drastically reduces the additional gain of macrodiversity. On the other hand, there are less degrees of freedom available to the time/frequency scheduler and thus even with scheduling applied, there is still some additional gain from soft handover.

Gains for typical UEs in the SHO region

Figure 4 and Figure 5 indicate the mean link level gain of time/frequency scheduling and SHO in the soft handover region against a reference scenario of no time/frequency scheduling and no soft or softer handover. The figure indicates the mean gain for UEs in the SHO region. The gain for the 5% of UEs with the highest amount of TX power is indicated in Figure 6; the gains are about the same as the mean level (although the absolute levels of UE power are higher, of course). The result for the 95th percentile for 5MHz UE bandwidth was also very similar. 

The figures indicate that although soft handover provides a significant gain, the gain available from time/frequency scheduling are even higher. Furthermore, if scheduling is applied then there is no further gain from soft handover.
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Figure 4 Mean Link Level gain in the SHO region for scenario 1, with no variance in interference level (20MHz UE)
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Figure 5 Mean Link Level gain in the SHO region for scenario 1, with no variance in interference level (5MHz UE)
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Figure 6 95th percentile Link Level gain in the SHO region for scenario 1, with no variance in interference level (20MHz UE)

Figure 7 indicates the gains arising when the interference per chunk is varied, as may be the case with intercell interference. Again, the absolute level increases (by about 2.7dB), but the relative gains between frequency scheduling and SHO remain about the same.
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Figure 7 Mean Link Level gain in the SHO region for scenario 1, with 6dB variance in interference level (20MHz UE)

Figure 8 and Figure 9 indicate the mean gain in the SHO region for scenario 2. In this case, the gains of SHO and frequency domain scheduling are much lower. The additional gain of applying SHO on top of time/frequency scheduling+softer H/O is only around 0.1dB.
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Figure 8 Mean Link Level gain in the SHO region for scenario 2, with no variance in interference level (20MHz UE)
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Figure 9 95th percentile Link Level gain in the SHO region for scenario 2, with no variance in interference level (20MHz UE)

4. Discussion & Conclusions

If time/frequency scheduling is applied by a serving Node B, then SHO is quite difficult from other sites since co-ordination of knowledge of allocated chunks is difficult. Thus it is desirable to select either SHO or time/frequency scheduling as a means of improving link level performance.

For low user throughputs; e.g. power limited users, scheduling gives a larger gain than soft handover. For higher user throughputs, soft handover gain is low and the difference between scheduling gain and soft handover gain is <0.1dB. 

To operate effectively, SHO requires radio resources to be reserved at all participating Node Bs. Furthermore, it is difficult to conceive that E-UTRA can be operated without some form of scheduling, which is difficult in conjunction with SHO.

Time/Frequency scheduling has no architectural implications, although it involves a larger pilot overhead in the UL. However if the UL employs time multiplexed pilot sequences then UE transmit power should not be so limited, allowing for wider bandwidth pilots to be employed. Furthermore is should be considered that SHO also involves additional resources; e.g. ACK/NACK signalling in DL.
Thus our recommendation is not to consider inter-site soft handover for the uplink. In order to ensure coverage and achieve the challenging cell edge data rate requirements more promising techniques to examine are the support for uplink time/frequency scheduling and the deployment of interference coordination techniques at the cell edge e.g. by introducing a partial frequency reuse.

5. Simulation Assumptions

	Parameter
	Value

	Cellular layout
	Hexagonal, 3 sector sites

	Basestation separation
	500m

	Lognormal fading variation
	8

	Propagation model
	-128.1 + 37.6log10(R) 

(see UMTS 30.06)

	Antenna pattern
	70 degree, 20dB FTB

	Correlation between sectors
	1

	Correlation between sites
	0.5

	Carrier frequency
	2000MHz

	Node B antenna gain
	14dBi

	UE antenna gain
	0dBi

	Active set size
	3

	SHO threshold
	6dB

	Fast fading model
	TU 6 path

	UE Bandwidth
	5, 20MHz

	Time/frequency chunk size
	210kHz, 0.5msec

	Total time/frequency chunks
	100 (20MHz), 26 (5MHz)

	Transport block size
	784 bit

	FEC coding
	Turbo, rate 1/3

	Time/frequency chunks used per transport block
	12/150

	Maximum retransmissions
	Unlimited

	Scheduling interval (X)
	5msec

	 Y
	2.5msec

	Scheduler feedback delay
	2.5msec

	Maximum scheduling allocations per 0.5msec
	1 allocation , allowed to be up to the whole bandwidth

	Basic noise level
	-174dBm/Hz

	Noise variation
	0dB, 6dB

	Power control rate
	5msec

	Power control type
	Perfect


