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1. Introduction
The non-contiguous 4C-HSDPA work item was introduced in RAN#50 with the following objectives
. 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. 


The scope of the work item clearly includes the use of 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 can often 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
When this scenario occurs, it is clearly not feasible using only baseband filtering for a single RF receiver NC-4C-HSDPA UE to filter operator B signal with minimum 33dB/43dB adjacent channel selectivity as is required for a single carrier UE. 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. This is especially true considering that (NC)-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. Hence a small impairment caused by the presence of the operator B signal can significantly harm the data rates achievable.
There are a number of possible solutions to this problem
· The most straightforward approach is to use 2 receivers, which is also within the scope of the work item, and may be suitable especially for early implementation of non-contiguous 4C-HSDPA UE in a timely manner. However, there would be cost benefit in facilitating a future 1RX UE implementation , and the work item objectives also seem to indicate that this should be possible. 
· 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. In practice, it is only likely that this option can be considered if operator A and operator B cell sites are completely shared, so it does not cover all likely cases.
· 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 CPICH measurements such as RSCP are not 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. CQI of the serving cells may also give an indication of the presence of an interferer, however there can be many causes of CQI degradation and the node B/RNC has no way to know whether the degradation is caused by an adjacent interfering signal, or other cause. Additionally, Iub changes may be needed to provide information to the RNC to trigger mobility procedures based on CQI.
Periodic interfrequency RSSI reporting may be configured using existing measurement configuration mechanisms. Some possible issues are the number of carriers that can be monitored, and the need for compressed mode. More significantly, the reporting rate may need to be quite high to ensure a fast enough response to changing interference conditions to avoid call drop, which causes a high overhead in RRC signalling. 
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. The implication is that the UE would need to filter and evaluate RSSI on non-configured carriers (eg operator B spectrum), however this is a much lower complexity operation than cell detection on non-configured carriers.
·  An imbalance metric, for example the difference between the largest RSSI and the smallest RSSI is calculated
· If the imbalance metric  goes above  a configurable hreshold (eg 6dB) and the UE is receiving non adjacent HSDPA carriers then a new imbalance measurement event is reported via RRC signalling. RSSI on each carrier could be reported as part of the measurement report
· If I goes below a configurablethreshold2 (eg 3dB) and the UE is receiving adjacent HSDPA carriers then a new no-imbalance measurement event is reported via RRC signaling
· 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)
By using this metric, it is possible to trigger a new event that allows the RNC to detect the imbalance  situation or non-imbalance situation as experienced by the UE receiver.
Proposal 1 : Define new measurement events for single receiver UE and NC-4C-HSDPA operation to allow UTRAN to detect when carrier imbalance situation occurs and does not occur
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.
Proposal 2: “No imbalance” event can either be evaluated with compressed mode or natural DRX/DTX (if available) or autonomously.
3. Specification impacts
Since RSSI reporting has been possible since release 99, performance requirements for RSSI already exist in TS25.133 and the definition of RSSI based events would have minimal impact on RAN4 specifications, even though the need of the events is quite significantly related to RF and filtering issues to facilitate reconfiguration of single receiver NC-4C-HSDPA UE in scenarios where non-contiguous operation is not practical. The only minor aspect of RAN4 specifications which we think might need to be addressed is the number of carriers which the UE is capable of monitoring – a 4C-HSDPA UE can monitor cells on 2 inter-frequency carriers but under this proposal would need to be capable of measuring RSSI on 4 carriers. As mentioned, RSSI measurement is a much lower complexity operation than cell detection, and cell detection on the gap carriers is anyway not necessary or beneficial.
For RAN2, the basic definition of the imbalance events involves finding the minimum and maximum RSSI of all the carriers being received and comparing those with a threshold


In this way, the RSSI spread  between the RSSI of the greatest carrier and the RSSI of the least carrier gives a measure of the imbalance as experienced by the UE receiver. Mathematically, this is just m-n.
In the following section, an example 25.331 text proposal is given for two new measurement events; event 6H and 6I corresponding to indication that multicarrier RSSI spread exceeds a threshold, or does not exceed a threshold, respectively.
There are a number of aspects which could be discussed further
· Threshold settings. Since T1 and T2 relate to UE receiver ability to handle RSSI differences, it may be appropriate to allow UE implementation to decide appropriate threshold levels to use, rather than configuring them using RRC signalling. The idea here is that a UE with a better performing receiver, and which is more tolerant of imbalance could decide to use a greater threshold. On the other hand, there would be benefit to ensuring consistent UE behaviour, which would be provided by network setting of T1 and T2.

· Range of carriers over which m,n are evaluated. For the case where the UE is configured to NC-4C-HSDPA operation, this is fairly straightforward since the RSSI spread should be evaluated over all carriers being received by the UE. However, if event 6H is triggered and the UTRAN responds by reconfiguring the UE to contiguous 4C-HSDPA operation to avoid the problem, then event 6I should be evaluated over a set of candidate carriers. In the proposal which follows, it is assumed that the UE stores the previously used NC-4C-HSDPA configuration (assuming that the UE is not being operated in non-contiguous mode)

Proposal 3: “No imbalance” event is evaluated over the carriers in the most recently used NC-4C-HSDPA configuration, if NC-4C-HSDPA is not currently configured


· By correctly configuring measurement reports, it is possible to include RSSI for each carrier frequency in the measured results which are reported with event 6H or event 6I. Hence, UTRAN can determine which carrier has caused the imbalance (eg another operator carrier) and an appropriate action (eg reconfigure to contiguous operation).
· A dual receiver NC-4C-HSDPA UE would not need to evaluate or report these events as it does not have an issue with operating with large imbalance of  the gap carriers.
· The events could be considered as useful even for contiguous 4C-HSDPA operation, although here we have assumed that they are defined strictly as a part of the NC-4C-HSDPA work item and they are not strictly required for basic 4C-HSDPA. Still, it could be considered if it is worth extending the idea slightly, and treat it as a part of TEI11. The main aspect which would need to be addressed would be the stored previous NC-4C-HSDPA configuration which is currently defined for event 6I; most likely this could be replaced by a carrier configuration explicitly configured by RRC signalling.
To indicate the possible definitions of event 6H and 6I, a text proposal for 25.331 is provided:

[bookmark: _Toc297252366]14.6.2.X	Reporting event 6H: The UE multicarrier RSSI spread exceeds a threshold
When a UE internal measurement configuring event 6h is set up, the UE shall:
1>	create a variable TRIGGERED_6H_EVENT related to that measurement, which shall initially be set to FALSE;
1>	delete this variable when the measurement is released.
When this event is ordered by UTRAN in a measurement control message, the UE shall:
1>	if the trigger condition is met for a time period indicated by the IE "time_to_trigger":
2>	if the variable TRIGGERED_6H_EVENT is set to FALSE:
3>	set the variable TRIGGERED_6H_EVENT to TRUE;
3>	send a measurement report with IEs set as below:
4>	set in "UE internal measurement event results": "UE internal event identity" to "6h";
4>	set the IE "measured results" and the IE "additional measured results" according to subclause 8.4.2.
1>	if the variable TRIGGERED_6E_EVENT is set to TRUE and if the leaving triggered state condition is satisfied:
2>	set the variable TRIGGERED_6E_EVENT to FALSE.
Triggering condition:
Equation 1:





The variables in the formula are defined as follows:
	RSSIx is the RSSI on carrier x, RSSIy is the RSSI on carrier y
	x,y=1….N are indices which cover the set of carriers being received by the UE RF
	m is the RSSI of the carrier with greatest RSSI
	n is the RSSI of the carrier with least RSSI
	
Leaving triggered state condition:
Equation 2:





The variables in the formula are defined as follows:
	RSSIx is the RSSI on carrier x, RSSIy is the RSSI on carrier y
x,y=1….N are indices which cover the set of carriers being received by the UE RF
	m is the RSSI of the carrier with greatest RSSI
	n is the RSSI of the carrier with least RSSI

14.6.2.Y	Reporting event 6I: The UE multicarrier RSSI spread does not exceed a threshold
When a UE internal measurement configuring event 6i is set up, the UE shall:
1>	create a variable TRIGGERED_6I_EVENT related to that measurement, which shall initially be set to FALSE;
1>	delete this variable when the measurement is released.
When this event is ordered by UTRAN in a measurement control message, the UE shall:
1>	if the trigger condition is met for a time period indicated by the IE "time_to_trigger":
2>	if the variable TRIGGERED_6I_EVENT is set to FALSE:
3>	set the variable TRIGGERED_6I_EVENT to TRUE;
3>	send a measurement report with IEs set as below:
4>	set in "UE internal measurement event results": "UE internal event identity" to "6i";
4>	set the IE "measured results" and the IE "additional measured results" according to subclause 8.4.2.
1>	if the variable TRIGGERED_6I_EVENT is set to TRUE and if the leaving triggered state condition is satisfied:
2>	set the variable TRIGGERED_6E_EVENT to FALSE.
Triggering condition:
Equation 1:





The variables in the formula are defined as follows:
	RSSIx is the RSSI on carrier x, RSSIy is the RSSI on carrier y
If the UE is configured for NC-4C-HSDPA operation then x,y=1….N are indices which cover the set of carriers being received by the UE RF otherwise  x,y=1….N are indices which cover the set of carriers which were received by the UE RF in the most recently used NC-4C-HSDPA configuration.
	m is the RSSI of the carrier with greatest RSSI
	n is the RSSI of the carrier with least RSSI
	
Leaving triggered state condition:
Equation 2:





The variables in the formula are defined as follows:
	RSSIx is the RSSI on carrier x, RSSIy is the RSSI on carrier y If the UE is configured for NC-4C-HSDPA operation then x,y=1….N are indices which cover the set of carriers being received by the UE RF otherwise  x,y=1….N are indices which cover the set of carriers which were received by the UE RF in the most recently used NC-4C-HSDPA configuration.
	m is the RSSI of the carrier with greatest RSSI
	n is the RSSI of the carrier with least RSSI
4. Conclusions
In this contribution we propose some additional measurement events which we believe are very important to allow for single receiver UE to perform NC-4C-HSDPA reception in scenarios where it is practical and allow UTRAN to detect situations where it is not feasible for a single receiver UE. Three different proposals are provided, along with a text proposal to indicate the definition of the proposed events in 25.331.
Proposal 1 : Define new measurement events for single receiver UE and NC-4C-HSDPA operation to allow UTRAN to detect when carrier imbalance situation occurs and does not occur
Proposal 2: “No imbalance” event can either be evaluated with compressed mode or natural DRX/DTX (if available) or autonomously.
Proposal 3: “No imbalance” event is evaluated over the carriers in the most recently used NC-4C-HSDPA configuration, if NC-4C-HSDPA is not currently configured
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