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1 Introduction

During the discussions on the UPLINK macro-diversity, e.g. in [1], the possibility to provide DOWNLINK signaling from several cells was briefly mentioned. However, detailed discussion did not take place as e.g. HARQ was actually not modeled and the feedback was not raised as an issue. The resulting downlink signaling needs to be taken as part of the (cost) analysis of macro-diversity support, as there are large implications to the terminal receiver complexity. 

Assuming the use of macro-diversity, without taking into account the impacts of  signaling support for HARQ, Link Adaptation or potential MIMO feedback, would dismiss the key issue of terminal complexity. 

This contribution addresses the impact of feedback complexity to the OFDMA based downlink solution, when using macro-diversity in the uplink. 
2 Discussion

The baseband of an OFDMA receiver is generally acknowledged to be simpler than a WCDMA receiver, especially when we consider advanced receivers, which are necessary to get most out of WCDMA/HSDPA. Such an analysis typically assumes use of a single OFDMA receiver with RX diversity.

In the on-going macro-diversity discussions, the downlink impact is often hidden. Uplink performance is compared with simplified macro-diversity modeling, where expected E-UTRAN BTS features like hybrid ARQ or link adaptation are not covered. These advanced features require signaling, with rather tight timing requirements. Thus, in order to give gain also with macro-diversity, it is reasonable to expect that signaling over the network from one BTS to another is not likely to be viable. With Link adaptation additional delay for BTS to BTS signaling would cause so much delay that the channel conditions would have changed already before common signaling via single link would be available for the UE. With HARQ, BTS to BTS signaling would significantly increase overall round-trip delay. 

If we want these advanced features to work also in macro-diversity, the most likely solution is to use L1 signaling from multiple base stations.  This introduces a penalty also for DOWNLINK complexity in addition to the network related issues (not part of this paper).

The requirements for E-UTRAN state that the system performance requirements should be achieved in a network deployment not using any inter-site time synchronisation.  Thus signals from different base stations will arrive in an asynchronous fashion. (A similar timing mechanism as with WCDMA downlink code channel timing adjustment is not available here). Further it is easy to note that signaling bits for e.g. the ARQ or link adaptation (as with E-DCH) will not be identical from different base stations. For the active set size of N (e.g. 4 has been suggested for E-DCH in [2]), this will cause the need to have N OFDM receivers, or with RX diversity, even 2N OFDM receivers, depending on the detailed implementation. One simplistic example receiver structure is shown in Figure 2, where duplications due to dual RX and RX diversity signal combination have been omitted. 

Note that besides MCS and HARQ there are potentially other methods that could need similar signaling if uplink macro-diversity is used, such as frequency domain scheduling and interference control, though their practicality with macro-diversity is another question. 
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Figure 1. A simplistic OFDMA receiver capable to  receive one BTS at a  time. 

Figure 2. A set of simplistic OFDMA receivers, which have the capability to receive L1 HARQ and MCS feedback simultaneously from multiple sites.  

 As can be seen from Figure 2, receiving L1 signaling from multiple BTSs seems to cause significant changes in the expected relative complexity of the OFDM receiver and WCDMA (HSDPA capable) receivers. With OFDM an additional issue relevant for the system is the impact of the relative frequency accuracy of different base stations.  The end result might be tighter requirements for the BTS frequency accuracy to enable multiple OFDM receivers to work properly as terminal will be in practice locked to a single BTS. 

With cell selection/fast hard handover, where only one BTS needs to be listened to simultaneously, significant reduction in complexity can be obtained as seen in Figure 1. The impact on downlink complexity, addressed in this contribution, does not depend on the multiple access method used for uplink.

3 Conclusion

For the use of uplink macro-diversity in E-UTRAN from WG1 point of view the key task has been to look for the performance, as has been done e.g. in [3].  However, we need to pay further attention to the side effects of the system complexity in WG1 responsibility area, such as DOWNLINK physical layer impacts.

 It is recommended as the conclusion that the working assumption would be that E-UTRAN terminal needs to receive the DOWNLINK physical layer control information from a single BTS only. This allows keeping the UPLINK macro-diversity discussion separate from the DOWNLINK receiver complexity analysis and that should be the basis for the comparison between the schemes with and without macro-diversity.  
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