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1. Introduction

At RAN4#38, there was quite a lot of feedback from manufacturers. However, it was agreed that more time would be left to complete the study of Resource Aggregation. Vodafone has also performed some more study of this issue, and the general conclusions are presented below.
2.
Complexity of receiving/transmitting on two channels

DL resource aggregation with non-adjacent channels in the same band
This would at worst require receiver chain duplication within the base-band of the UE receiver. Apart from this complexity, it is the understanding of Vodafone that there would be no specification impact to the way that the ACS or blocking requirements would be defined here compared to the non-aggregation case.
DL resource aggregation with non-adjacent channels in different bands

The complexity here is that this would lead to a need for two full receiver chains to be implemented within the UE. In addition, there is an indirect issue here caused by uplink transmission, in that in the case where the UE is transmitting on a channel in the UL on a lower frequency band that one of the downlink channels, this may cause some spurious emissions issues within the UE receiver of the higher band. However, the added complexity here seems to be depend on the actual combination of bands used. 
UL resource aggregation
In terms of level of complexity, in general it would appear that the use of resource aggregation in the uplink offers the largest impact. Depending on the actual carriers used, it seems that there could be inter-modulation products created in the TX chain, and this may have an effect on ACLR requirements and spurious emission filtering. It seems likely that this could increase the specification complexity also. 
Additionally, it is understood that the power amplifier back-off issues would increase particularly where similar transmission powers are used on the different channels. This may mean that resource aggregation could not be used at the cell edge, and therefore the desirability of this scheme is reduced.
3.
Complexity of combining/splitting channels

The splitting and combining of channels in the baseband would need to be performed in downlink and uplink respectively. This does not seem to be much more of an issue than we have today with splitting of transport channels onto different sub-carriers. However it would mean that a common scheduler, with common timing and feedback signalling, would probably need to be used across both carriers in both downlink and uplink. This of course could only be guaranteed if both channels were coming from the same Node B. If distributed transmission were allowed in the uplink, there may not need to be any specific changes to HARQ signalling information here. If only localised transmission were allowed, then the additional signalling required for multiple carriers may not be compatible.
It is the view of Vodafone that different propagation conditions in different channels or different cell loads would not really be an issue that could not be solved within the network RRM algorithms, and based on some intelligent CQI reporting, as long as both channels are controlled by the same Node B.

4. Broadcast (DL) and unicast (UL/DL) aggregation specifics

Being a downlink-only aggregation, then this type of resource aggregation, not directly impacting the uplink, then this type of resource aggregation clearly reduces a lot of the UE complexity. In addition, the fact that this type of aggregation does not rely on synchronisation in terms of scheduling (due to two separate logical channels being used), then this has the advantage of not having any network impacts, and not requiring any splitting/combining of logical channels across carriers.

Within this type of resource aggregation, there are two main deployment options:

· Option 1: Unicast UL+DL on carrier f1, aggregated with a carrier f2 transmitting broadcast-only on downlink

· Option 2: Unicast UL+DL on carrier f1, aggregated with the broadcast channel from a carrier f2 transmitting broadcast on downlink, and unicast on UL+DL.

Feedback suggests that there is no additional complexity in implementing option 2 if option 1 is anyway implemented.

The gain of aggregation in this scenario is that the UE can receive broadcast and unicast services simultaneously. 

5.
What does this mean for the resource aggregation types?

Type 2 resource aggregation: The UL component of this resource aggregation scheme would create a lot of UE and specification complexity, and given that the performance gains would be reduced by the greater need for PA back-off, this seems to be the least desirable of the remaining options for implementation into the 3GPP specifications.

Type 4 resource aggregation: Being a downlink-only aggregation, and only affecting the base-band part of the receiver, this is probably the simplest form in terms of additional UE and system complexity. It is Vodafone’s understanding that this will have no 3GPP specification complexity impact.
Type 5 resource aggregation: Again, being a downlink-only aggregation, this reduces a lot of the complexity. However it is expected that the complexity would be more significant here compared to Type 4 aggregation, as two full RX chains would be needed to be implemented. Also, depending on the combination of uplink frequency and downlink frequencies used, there could be a situation where spurious emissions from the UE in the uplink band are leaking into the downlink broadcast band. However this may not be such a likely scenario in reality. 

(Note: The resource aggregation “types” are taken from [1]).

6.
Conclusions

If a recommendation needs to be made to TSG RAN, then Vodafone believes that Type 4 and Type 5 resource aggregation would be feasible to implement within the 3GPP specifications without undue complexity, especially given the gain that these types of aggregation provide. 

It is also recommended that [3] is also updated to reflect the analysis performed, as well as the outcome and recommendations of the study.
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