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1. Introduction
The non contiguous 4C-HSDPA work item was introduced in RAN#50 with the following objectives
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The work item does not preclude the use of a single receiver architecture to receive the two non-adjacent blocks, and clearly the 1RX architecture would offer cost benefits and potential synergy with LTE CA which would make its use desirable.
2. Discussion
The basic problem with 1RX architecture is that another operator’s licenced spectrum is expected to be present in the gap between the two non-contiguous blocks, and it cannot be guaranteed that the deployments are such that there is not significantly greater power present on the other operator’s spectrum than the wanted signal. This is shown in figure 1
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Figure 1 : Possible scenario for non contiguous 4C-HSDPA

This scenario will not always happen, but on the other hand, using baseband filtering it is clearly not feasible for a single receiver NC-4C-HSDPA UE to filter operator B signal with 33dB/43dB adjacent channel selectivity. Hence it is rather likely that there will be scenarios in which a dropped call would occur using the 1RX architecture, due to the presence of strong interference at the receiver front end from an uncoordinated operator’s spectrum. RF images in a direct conversion receiver and the general dynamic range issues created are a clear challenge to receiving this type of signal with a single RF branch, especially considering that 4C-HSDPA is a feature used to attain high peak data rates, and SNRs of 18dB or more are needed to operate with 64QAM at the  highest data rates.
There are a number of possible solutions to this problem

· The most straightforward approach is to use 2 receivers, which is within the scope of the work item, and may be suitable especially for initial non-contiguous 4C-HSDPA UE implementations. However, there would be cost benefit in facilitating a 1RX UE implementation for this case, and the work item objectives also seem not to exclude this possibility

· Operator A and operator B may perform some kind of joint coverage planning. Hence there may be prior knowledge that the situation in figure 1 cannot occur. To allow this, it would seem necessary to specify the maximum power difference between wanted and unwanted carriers that can be tolerated by a 1RX UE
· Network RRM strategies can attempt to detect and avoid the scenario shown in figure 1 – for example the UE could be reconfigured to 2C or even 1C operation in locations where the operator B signal was too strong to allow NC-4C-HSDPA operation.

The latter option is considered in more detail in this paper.

In order to detect the scenario in figure 1, we think it would be beneficial for the UE to report that imbalance has occurred, for example that the power difference between the strongest carrier within the receiver bandwidth, and the minimum power of the configured carriers has exceeded a certain threshold. Existing RSCP measurements are not completely suitable for this purpose, partly because operator A cannot provide to UEs or know a neighbour list for the carriers on operator B spectrum, and partly because RSSI rather than RSCP would be the revelvant metric, especially as operator A is unaware of the loading of cells on operator B’s spectrum. Although interfrequency detected set measurements of operator B’s carrier could be considered, the reporting of only one cell and the fact that load is unknown would be significant limitation.

Hence we think it may be beneficial to consider in RAN2 defining some additional events to allow the UE to report that an imbalance situation has occurred. While the details of such imbalance events would need further discussion in RAN2, it is also important that RAN4 would give a view on the need for additional events, since the topic is closely related to RF architecture. To give an indication of how imbalance events could work

· RSSI is measured on each carrier within 5MHz bandwidth

·  An imbalance metric, for example the difference between the largest RSSI and the smallest RSSI is calculated

· If the imbalance metric goes above  an RRC configurable threshold (eg 6dB) and the UE is receiving non adjacent HSDPA carriers then an imbalance measurement event is reported via RRC signalling. RSSI on each carrier could be reported as part of the measurement report,.
· If the imbalance goes below a configurablethreshold2 (eg 3dB) and the UE is receiving adjacent HSDPA carriers then a no-imbalance measurement event is reported via RRC signalling
· The UTRA network (RNC) uses the imbalance and no-imbalance events to assist in its decision to reconfigure the UE to adjacent operation (if an imbalance event is reported) or non-adjacent operation (if a no-imbalance event is reported). RSSI information for each carrier, provided along with the imbalance event indicates to the RNC how the imbalance can be avoided (for an imbalance event).
One issue in reporting “no imbalance” is that once reconfigured to adjacent operation, the RSSI of the interfering signal is no longer present within the receiver bandwidth. Compressed mode or other means of  monitoring the other carriers is needed. Compressed mode is one way of allowing the UE to retune its receiver when it is operating in adjacent carrier mode (for example carriers 1 & 2) to measure RSSI on some further carriers (eg carriers 3 & 4). Alternatively,  allowing the UE to autonomously retune and measure RSSI on a different carrier might be an acceptable solution since the no-imbalance event is not time critical (the impact of failing to detect “no imbalance is just that the UE doesn’t work at its highest potential data rate, the impact of failing to detect imbalance is a dropped call). Hence the UE could autonomously evaluate the “no imbalance” event fairly infrequently (eg once per minute) and explicit compressed mode gaps might not be needed. If CPC (continuous packet connectivity) DRX or DTX occurs, the UE can evaluate the “no imbalance” event by measuring the other carriers during a DRX/DTX gap.
3. Conclusions

In this contribution we discuss possible measurement events for reporting that imbalance is or is not present at the receiver input for non-contiguous 4C-HSDPA. Although considered for NC operation, the same events may indeed be useful for contiguous HSDPA reception also. We believe that such events would be beneficial to allow network RRM strategies which reconfigure UE in event of imbalance, and hence call drop or low SNR can be avoided in scenarios where non-contiguous operation with a single receiver branch is impractical. The details of the events would be defined in RAN2, and we intend to bring a contribution to RAN2#75 to start the discussion on the signalling details. However, it is also important that RAN4 discusses the need for some additional RSSI based events to evaluate imbalance, since they are closely related to RF architecture. Hence we think initial discussion in RAN4 is needed and if there is agreement that such events would be beneficial for NC-4C-HSDPA then RAN4 should send an LS to RAN2 requesting the work to be started.
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The objective of the work item is:


Study the feasibility of supporting 4-carrier 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 4-carrier HSDPA operation


BS core requirements reusing MSR non-contiguous core requirements for non-contiguous 4-carrier HSDPA operation


Note that it is expected that the existing signaling introduced in the context of 4C-HSDPA can be used to support the selected band combinations 





RAN4 work should be initiated after RAN#52. 


RAN4 should initially study the feasibility of supporting operation of non-adjacent carriers with the assumptions above, and provide a recommendation on the continuation to RAN#53. Part of this feasibility analysis is to identify a limited set of band combinations and number of carriers in each band to be covered in this WI. 
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