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Introduction

In the last RAN1 meetings, initial discussions took place on macrodiversity combining with the objective of determining what extra level of performance could be offered by this functionality. The aim of this contribution is to better understand the scope of the investigations on macrodiversity combining for E-UTRA (unicast) as well as outlining open issues requiring clarification in order to have sufficient information to make a decision on the support of the macrodiversity combining functionality. 

Within the current LTE work plan a decision on macrodiversity should be taken by December 2005. However it would be beneficial to achieve good progress on this topic in order to allow the making of a decision as soon as possible since the work on the system architecture evolution has strong dependencies on the presence of an inter-Node B macrodiversity function.

Discussion

1. Scope

In the discussion on macrodiversity it is important to understand what is the scope of the macrodiversity functionality considered in the study, in particular it is worthwhile separating the following cases:

· intra/inter Node B macrodiversity combining.

· uplink/downlink macrodiversity combining.

· control plane/user plane macrodiversity combining.

The following table summarizes our current understanding of the macrodiversity functions being considered as part of the multiple access concept proposals.

Table 1: Macrodiversity functions considered in the E-UTRA study
	Case
	UL control plane
	UL user plane
	DL control plane
	DL user plane

	Intra-Node B
	(
	(
	?
	?

	Inter-Node B
	(
	(
	?
	(


There appears to be some agreement that macrodiversity in the downlink is not required for unicast however it is not clear what is actually meant by this. It is relatively clear that this means that DL user plane combining is excluded (as in HSDPA), but it is not clear whether this also means that control plane combining is excluded (as for example TPC commands or non-serving cell RG’s combining in UTRA). Control plane combining on the downlink is a non negligible source of complexity in UTRA. Assuming E-UTRA would support inter-Node B macrodiversity combining with Hybrid ARQ, it would be likely that there would be some combining of DL acknowledgments commands.  Since complexity is one of the prime concern with the support of macrodiversity this should be clarified whether control plane combining on the DL is considered and what level of combining is considered (only ACK/NACK and/or additional control information). 
2. Performance Evaluation

As it can be noted from [1], there is a strong focus on the achievable throughput at cell edge and a desire to try to smooth the variance of user throughput across the cell. Hence the main driver is not to increase the cell throughput, and instead the focus should be on assessing the performance difference in terms of user throughput with and without macrodiversity combining, particularly the impact on users at cell edge. It is indeed important to realise whether there would be a noticeable degradation in throughput that could not be compensated by other means.

There are a number of factors that should be considered in order to have sufficient confidence when making a final decision: 

· In-building penetration loss. Considering that the large majority of users are located indoor when using their mobile (communicating with outdoor macrocells) it could be that the higher link imbalances and low number of detectable cells would make the macrodiversity combining gain relatively low.

· Frequency band. Would the frequency band affect the benefits of macrodiversity combining e.g. would the benefits be in the same order in the 900 MHz band?

· Coverage. In order to achieve a cost efficient country-wide coverage, site reuse is a key requirement for E-UTRA. It is desirable to understand whether not using inter-Node B macrodiversity would have an impact in terms of density of sites required especially in rural areas (e.g. 1-5 kms radius).
· Active set management. In order to have a fair evaluation of the gain and not over-evaluate with respect to what can be achieved in a real life deployment, it is important to take into account the active set management aspects i.e. how does the network add/remove a cell (e.g. takes several hundreds of ms today between the time the mobile makes the measurment of an intra-frequency cell and the time the active set update is completed).
3. Impact on network complexity
The impact of UL macrodiversity in terms of increased network complexity is an important aspect to consider, although the decision on the need for macrodiversity should be primarily guided by the levels of benefits it provides to the user it needs to be weighted against the increased cost incurred in the deployment of the functionality. Beyond the significant impact of the “mandatory” presence of a selection combining function “above” the Node B in the architecture, there is also an impact in terms of increased hardware requirement and increased bandwidth in the transmission network in the Nodes.

The impact on the backhaul is mainly coming from the “redundant” transmissions that occur in case of inter-Node B user plane macro diversity combining. The impact is a function of the percentage of users employing inter-Node B macrodiversity, the number of cells from different radio link sets in the active set, as well as the HARQ strategy. There is a strong likelihood that inter-Node B macrodiversity combining causes a large amount of redundant transmissions in the transport network and this could be a concern especially if high bit rates are used. However, even if can not be considered as a general case, it should be noted that in today’s transmission networks, very often resources are allocated in a symmetrical manner between UL and DL, therefore the impact on the backhaul coming from the support of UL macrodiversity might be relatively limited since the downlink aggregated rates are substantially higher.
4. Interaction with other layer 1 techniques

Other techniques such as interference coordination or scheduling techniques are considered within the E-UTRA layer 1 proposals as useful techniques to allow the increase of the user throughput at cell edge. There is a degree of dependency between macrodiversity combining techniques and these techniques. It would be useful to understand how these techniques coexist (complementary, mutually exclusive). Interference coordination techniques could for example be considered as one way to avoid the need for macrodiversity combining. We should not consider macrodiversity in isolation to these techniques if these can provide a way to avoid the need for UL macrodiversity combining.
One important capability of SHO on the UL in UTRA is to allow to manage the amount of interference generated in the UL. Using TPC commands (and non serving cell RG’s in Rel’6) cells can reduce the amount of power transmitted by the UE. This is useful to have such functionalities to avoid “abnormal” situations where a UE is not connected to its best cell and consequently causes substantial interference to other cells in the vicinity. If we don’t support macrodiversity we should ensure that we have sufficient control mechanism in place to avoid such kind of issue.

Conclusion

Seen from a network perspective especially considering the complexity of the architecture and also from the complexity of the E-UTRA interface itself, avoiding the use of  inter-Node B macrodiversity combining would be beneficial. However we can not ignore the potential impact it could have on user performance, especially for users at cell edge. It is therefore key to ensure that a fair assessment of the macrodiversity combining merits is performed providing a good picture of the achievable gain in a real network.  In terms of the decision, we believe we should make a hard decision on the need for inter-Node B macrodiversity in line with the requirement from [1] to aim for a single E-UTRAN architecture.
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