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1 Introduction

The possible use of uplink macro diversity is to be discussed and decided for UTRAN long-term evolution by the TSG RAN#30, from RAN WGs point of view even a bit earlier. To start the discussions some results were presented in [1], which assume a simple scenario for the macro-diversity case. In this contribution we investigate uplink macro diversity performance together with advanced features like HARQ and link adaptation actually modeled, as well as other key techniques like power control. Also the radio link is exactly modeled.  The results presented in this paper are based on SC-FDMA as the uplink solution.
2 Discussion and assumptions

With uplink macro diversity it is important to have other key technologies modeled as well. The main two reasons are:

1. All the gains are not additive on top of each other. Features like HARQ (advanced time diversity) , channel dependent scheduling (advanced multi-user diversity)  or interference control methods reduce the potential of macro-diversity. Some features like channel dependent scheduling do not even work in reality with macro-diversity.

2. When the relative capacity level is artificially low, e.g. when assuming that all terminals transmit with full power, even a small absolute difference looks as a big relative difference (i.e. when using percentage comparison). This is especially true for the cell edge number in the mentioned example.

Thus a parameter set was chosen, as presented in the Table in annex, where key features like HARQ are actually modeled for each user. Slow power control is also used as well as link adaptation. Downlink signaling is assumed to be ideal which gives some advantage for the macro-diversity case. The point should be raised whether signaling from multiple downlinks simultaneously is realistic to assume at all, see [2].  Also the full buffer assumption benefits macro diversity as there is more or less a need to constantly schedule all users even in difficult radio conditions.

The channel model used is very close to Vehicular A delay profile with some marginal differences.

Cell selection error has been modeled with both 0 dB (ideal) and 2 dB (realistic) standard deviation and obviously the realistic value gives a bit higher relative capacity for the macro-diversity case, as can be seen in Table 1 in section 3. 

Frequency domain scheduling was not assumed. The use of frequency domain scheduling is likely to further improve performance but is not necessary applicable for the macro-diversity case at all. It would obviously introduce additional complexity if a base station not responsible for scheduling would have to start blindly to receive transmission without knowing the data rate and/or frequency block used.

The scheduling principle applied allocated 1.25 MHz frequency blocks to individual terminal, with the total available bandwidth 20 MHz. This makes (near) continuous operation possible and provides better cell edge performance compared to pure TDMA based scheduling, and again makes the absolute performance level higher and thus reduces relative cell edge performance differences.  The scheduling was done together with power control and blind interference control in the cell, as described in more details in [3].

3 Results

For SC-FDMA (with cyclic prefix), the capacity differences are shown in Table 1, taken for the average cell capacity and for the 95-percentile point to compare the key requirements.  From the results it can be seen that depending on the assumptions the macro-diversity gains ranges from 3 % up to 16%.

Table: 1. Average and cell edge capacity gain from macro-diversity as a function of site selection error (2 Rx antennas)
	Scenario
	Macro-diversity capacity vs. no macro-diversity

	Average Capacity, 0 dB site selection error
	3 %

	Cell Edge Capacity, 0 dB site selection error
	10 %

	Average Capacity, 2 dB site selection error
	4 %

	Cell Edge Capacity, 2 dB site selection error
	16%


Conclusions

 Based on the studies with accurate link modeling in multi-cell environment including key features like HARQ, slow power control, blind interference control and link adaptation the gains from macro-diversity remain rather small, remaining below the 0.6dB (16 %) difference even when assuming multi-cell downlink feedback. It is suggested to communicate these findings to TSG RAN WG2 and WG3, which will be impacted depending whether macro-diversity is adopted or not.

Additionally if L1 signaling from multiple base stations would be supported, there would be severe complexity impact for the downlink [2], which is not justified with the 0.6dB gain obtained. 
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