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1   Introduction
The release 11 work item for Non Contiguous 4C-HSDPA operation was agreed at RAN#51 meeting [1]. It aims at enabling deployment of 4C-HSDPA for operators with non-contiguous frequency allocation. The following objectives have been identified: 
· Study the feasibility of supporting 4C-HSDPA operation for two non-adjacent blocks of carriers within a single band with the following assumptions:

· At most two UE receivers are assumed

· The total bandwidth per block does not exceed 15 MHz

· The carriers within the blocks are contiguous

· The total number of aggregated carriers does not exceed 4

· Based on the outcome of the feasibility analysis, specify 

· UE core requirements for non-contiguous 4C-HSDPA operation

· BS core requirements reusing MSR non-contiguous core requirements

The discussions on Non Contiguous 4C-HSDPA operation in RAN4 have been held during last three RAN4 meetings. In particular, the following set of scenarios has been discussed and agreed during RAN4#60 meeting, and an LS was sent to TSG RAN with such information [9]:

	Scenario
	Band
	Gap length
	Number of Component Carriers
	Configuration

	A
	I
	5
	2
	C-5-C

	B
	I
	5
	3
	C-5-CC

	C
	I
	10
	4
	C-10-CCC

	D
	IV
	5
	2
	C-5-C

	E
	IV
	10
	3
	C-10-CC

	F
	IV
	15
	4
	CC-15-CC

	G
	IV
	20
	3
	CC-20-C

	H
	IV
	25
	4
	CC-25-CC


Table 1: Reference scenarios for Non Contiguous 4C-HSDPA operations [9] 
The present contribution aims at analyzing the current status of the discussion in RAN4 and proposes a way-forward.
2   Discussion and proposal
The discussion on Non Contiguous 4C-HSDPA is currently addressing the assumptions for the definition of UE core requirements. One of the most discussed points is if a single or a dual receiver has to be adopted .

First of all, according to the WID in [1], UE architectures with no more than two receivers should be considered in the activity. Since according to [13] no more than 20MHz will be supported with a single receiver, configurations A, B and D reported in Table 1 can be supported with both a single or dual receiver, while all the other configurations can be supported only with a dual receiver.
According to [12] it would be beneficial to allow single receiver operation in order to support some of the Non Contiguous 4C-HSDPA configuration, allowing early support of the feature for UEs which support single band 4C-HSDPA configurations, and allowing full reuse of LTE components. Nevertheless, terminals supporting Release 9 DB-DC-HSDPA are already available nowadays, already presenting an intrinsic dual receiver architecture in order to simultaneously receive from two bands. Since Non Contiguous 4C-HSDPA is a Release 11 feature, it would be reasonable to assume that when terminals supporting such feature will be available, they will still be based on a similar architecture. In addition to that, since a dual receiver UE can support any NC-4C-HSDPA scenario, then the economy of scale with a dual receiver is deeply wider than considering a single receiver. Moreover, since a single receiver architecture could be exploited only in the scenarios above mentioned, even the possible roaming situations where NC-4C-HSDPA operations could be exploited would be limited; on the other side a dual receiver could always guarantee the support of any NC-4C-HSDPA scenario in any roaming situation.
Focusing on the technical issue, the presence of the jammer in the gap between sub-blocks is the problematic situation when discussing about single or dual receiver. The presence of the jammer is considered to be a realistic case which corresponds to the presence of another operator located in the gap which is not collocated w.r.t the wanted cell and which transmits in a uncoordinated way. In this context, on the basis of the discussions had in the previous RAN4 meetings, it is clear that using a single receiver could have a strong impact on the UE performance [5] [10] [12] [13]. Indeed, according to [12] the presence of a jammer in the gap(s) may seriously degrade the performance for single receiver based UEs, and according to [13] various UE RF requirements could be relaxed for the NC-4C-HSDPA support, such as e.g. ACS, in-band blocking and intermodulation. In addition, in [15] some system simulation results with single receiver case have been presented, indicating that there can be an RSSI difference of 35dB or even greater between NC-4C-HSDPA and jammer networks. In [15] it is concluded that if the jammer network is near-cosited (and using similar antenna sector angles) to the NC-4C-HSDPA network then there is limited impact from the jammer, while if this assumption cannot be made, then a small number of UEs are severely affected by the jammer. In [15] it is also requested an operator feedback on the deployment scenarios, concluding that if the problem cannot be managed by deployment restrictions then other alternatives would need to be selected. From an operator perspective, it is reasonable to focus on the most generic case when defining requirements, avoiding any assumption and restrictions on possible deployments, such as e.g. co-siting of both the NC-4C-HSDPA and jammer networks.
In order to address the single and dual receiver cases, one possible approach proposed in [13] would be to consider two reference scenarios among the ones reported in Table 1, in order to cover one single receiver case and one dual receiver case, and then focus on the worst case between them when defining requirements. Another possibility mentioned in [7] could be to define the requirements for both the single receiver and dual receiver cases. Nevertheless, the former approach does not seem to be acceptable, since it is expected that the lower-bound of RF performance between single and dual receiver would be always the single receiver case, leading to poor requirements in the specifications, poor performance in the networks, and completely unknown performance of dual receiver UEs. On the other side, the latter approach does not seem to be feasible since the signalling defined in RAN2 is not including the information on single or dual receiver architecture, thus it would be impossible to distinguish a single received from a dual receiver when testing it.
Moreover, in order to take into account the different RF performance achievable using a single receiver, some proposals in [8] and [11] have been presented, extending the current RRM signalling and allowing more sophisticated scheduling algorithms in the networks. The goal of such proposals would be to let the network be aware of the level of the jammer in the gap, in order to allow some network strategies on the scheduling of the UE in a NC configuration: summarizing, when the jammer in the gap is weak then a non contiguous configuration can be used, while non contiguous operations should be avoided when the jammer in the gap is too strong. As a matter of fact, such new RRM approaches could be mainly needed when using a single receiver, since the jammer in the gap could deeply impact the UE performance, while the same approaches could be considered mainly unnecessary in cases where a dual receiver is available in the UE. In addition, the support of such new RRM approaches would imply additional features in the networks, and the corresponding costs.
On the basis of the points reported above, it is understood that there are huge differences between single and dual receiver cases in terms of UE RF performance, network performance, network restrictions and deployments, and UE support of different scenarios. In addition, it is felt that the current status of the discussion in RAN4 is almost in a stall situation, since it seems to be really difficult to cover both cases in a single and generic approach.

Therefore, it is proposed as a way-forward to focus the Non Contiguous 4C-HSDPA activity on dual receiver only. Indeed, such approach would have several advantages:
· first of all, a dual receiver UE can support any scenario in Table 1, even in a roaming situation, instead a single receiver can support only A, B and D scenarios;
· the UE RF performance with dual receiver would be better than using single receiver, leading to better performing networks and a better standard;
· the dual receiver does not need any new RRM signalling in order to correctly operate with any jammer in the gap;
· an UE already supporting DB-DC-HSDPA or 4C-HSDPA on different bands could exploit its native architecture with dual receiver in order to support NC-4C-HSDPA operations.

In case the proposal above is accepted by the group, then a LS to RAN Plenary should be sent in order to inform about the decision.

3   Conclusion
In this paper, the current status of the discussion in RAN4 on Non Contiguous 4C-HSDPA has been analyzed and a way-forward has been proposed. In the paper it has been presented that there are huge differences between single and dual receiver cases in terms of UE RF performance, network restrictions, network performance and UE support of different scenarios. In addition, it is felt that the current status of the discussion in RAN4 is almost in a stall situation, since it seems to be really difficult to cover both cases in a single and generic approach.

Therefore, it is proposed as a way-forward to focus the Non Contiguous 4C-HSDPA activity on dual receiver only. Such approach would have several advantages:

· first of all, a dual receiver UE can support any scenario in Table 1, even in a roaming situation, instead a single receiver can support only A,B and D scenarios;
· the UE RF performance with dual receiver would be better than using single receiver, leading to better performing networks and a better standard;
· the dual receiver does not need any new RRM signalling in order to correctly operate with any jammer in the gap;

· an UE already supporting DB-DC-HSDPA or 4C-HSDPA on different bands could exploit its native architecture with dual receiver in order to support NC-4C-HSDPA operations.
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