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1. Discussion

Reduced complexity has been identified as an important requirement for EUTRAN [25.913]. In this contribution we analyze the impact UL macro diversity has on the existing UTRAN interfaces in order to conclude whether macro diversity will impact the foreseen EUTRAN complexity.

It will be impossible to provide a detailed complexity analysis giving a “final” answer on the question how complex UL macro-diversity is as a feature, as this is depending not only on the actual specification of L1 (which is not ready yet) but also on the typical deployment scenario which differs from operator to operator. For that reason, this contribution takes a general aim with the purpose of highlighting the complexity aspects of UL macro-diversity as a feature.

For the purpose of discussion, we have used the current Rel6 architecture as a basis for the analysis. This does not mean that a future LTE system will need to have similar solutions as in Rel6, but any discussion on what is complex in for example a protocol design becomes much easier when discussing concrete already existing protocols compared to a future design that people have very different understanding of what it might be.

UTRAN Control Plane:

Analyzing NBAP and RNSAP it can be seen that the extra complexity for supporting UL macro diversity is minimal. RL setup, reconfigurations, and deletions need to be able to signal lists of RLs instead of one single RL that would have been the case if macro diversity had not been supported. 

Conclusion: Minor complexity impact.

UTRAN User plane

Analyzing the DCH FP the same conclusion can be drawn as for the control plane protocols. The extra complexity for supporting UL macro diversity is minimal. The data frame includes a CRC check field, and it should be noted that this field would have to be included anyhow if faulty transport blocks should be forwarded from Node B to the RNC.

Conclusion: No complexity impact

Radio Protocols

The RRC protocol needs to be able to signal to the UE whether it is in soft handover or not. In a similar manner as for the UTRAN Control Plane protocols, there is very minor complexity impact, due to the fact that the RRC protocol needs to be able to signal a radio link set instead of a specific radio link.

There is no impact on the user plane part of the radio protocol stack.

Conclusion: Minor complexity impact.

UE Complexity

Depending on power control scheme to be used, the UE might need to be able to receive scheduling and possibly power control information on the downlink from several Node Bs simultaneously. It is not clear how large this complexity impact will be, as this depends on how the L1 channels will look like.

If such a solution is seen too complex, there exist other alternatives to solve this problem, in where UE complexity can be traded versus complexity in the network deployment. It should also be noted that the UE might need a rather complex receiver anyhow, in order to be able to measure on neighboring cells, but this is dependent on the design of the measurement scheme.

Conclusion: There is a complexity impact (possibility to trade UE complexity versus network deployment complexity)

Node B Complexity

One aspect to consider is whether Node B will require extra hardware in order to decode more users (i.e. users that are in soft handover in addition to the “normal” users). Under the assumption that Node B will anyhow support softer handover combining, it is not foreseen any additional complexity apart from that.

It can of course also be claimed that there is an extra implementation complexity for the scheduler, depending on if the Node B is acting as serving, or non-serving cell, but this is very dependent on the solution selected for LTE, and it is difficult to draw any conclusions in any direction.

Conclusion: Possible minor complexity impact

RNC Complexity

UL macro-diversity requires the different data paths to be combined in a central point (actually combination can be done anywhere, but is often done centrally in order to optimize transport network resources). The actual combination unit is not very complex, as it just needs to select one correct data frame from the ones that are being received. As it is the UL direction we are analyzing, there will be no queuing delay in this unit as correctly received frames can directly be forwarded to higher layers.

Conclusion: Minor complexity impact

Transmission

It is often claimed that macro-diversity is generating additional transmission on the Iub links, as each data frame might be received in several Node Bs and they all need to be forwarded to the RNC. This is only partly true as it is often forgotten that incorrectly received data frames need not to be forwarded, and it is actually in very small areas in where two different Node Bs can correctly receive the same UE.

What should also not be forgotten is that the UL macro-diversity provides radio gains, in where the operator needs to deploy a fewer number of sites. This will reduce his overall number of transmission links and impact the overall cost for the transmission network.

In addition, the symmetry between UL and DL transport resources is not always reflected in the user traffic in where the DL is normally the limiting factor. Under the assumption that the DL is correctly dimensioned, any extra transmission for UL macro-diversity is not an issue. A similar reasoning can also be found in [R3-051071].

Conclusion: No extra transmission (overall lower total transmission cost)
2. Summary and Conclusion

From the areas analyzed in section 1, we summarize the result in Table 1:

	Area Analyzed
	Impact

	UTRAN Control Plane
	Minor complexity impact

	UTRAN User Plane
	No complexity impact

	Radio Protocols
	Minor complexity impact

	UE Complexity
	There is a complexity impact (possibility to trade UE complexity versus network deployment complexity)

	Node B Complexity
	Possible minor complexity impact

	RNC Complexity
	Minor complexity impact

	Transmission
	No extra transmission (overall lower total transmission cost)


Table 1: Summary of complexity analysis.

From the above discussion we conclude that there is very little (almost no) extra complexity in today’s UTRAN system due to the feature UL macro-diversity, and that conclusion should also be valid for a future LTE system. Main impact is on the UE complexity, but we foresee possibilities to trade the UE complexity versus the network deployment complexity.












































































