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1.
Introduction

In RAN4#46, received signal quality measurements were discussed in the context of making LTE mobility decisions, and the following way forward was agreed:

· Agreed to use RSRQ as an intra-frequency measurement e.g. to trigger “emergency” handover 

· Benefit of RSRQ for IF handover to be investigated further (different load conditions, different UE measurement strategies, connection to RSRP, …)

  The aim of this document is to try to look at the remaining open issues.
2.
UE in active state
2.1
Understanding that the serving cell is not providing a good enough service in active state
It is now understood that there may be situations where the serving cell received signal quality and resource provision is not good enough to guarantee the minimum bit rate that the operator wants to provide the user. Therefore an RSRQ measurement has been agreed such that the serving eNode B can understand the interference conditions that the user is experiencing when it is in active state, and use this to trigger an “emergency” handover if necessary. The definition of RSRQ is below:
UE measurement: Reference Signal Received Quality (RSRQ):

	Definition
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks. 

	Applicable for
	LTE_DETACHED

LTE_IDLE (RRC_IDLE) intra-frequency 

LTE_IDLE (RRC_IDLE) inter-frequency 

LTE_ACTIVE (RRC_CONNECTED) intra-frequency

LTE_ACTIVE (RRC_CONNECTED) inter-frequency


Given that the RSRQ measurement contains the serving cell transmitted power, it is likely that the serving eNode B will need to subtract the transmitted serving cell power from the denominator of the RSRQ measurement, such that it can understand the real impact of the interference on the cell.
Another possibility here is for the serving cell to use the CQI reporting to understand whether the UE is in good channel conditions from a received signal quality perspective. The benefit of this is that the CQI measurement is able to give an idea of the channel quality over the whole channel bandwidth, and thus gives an idea of the level of interference across all of the cell’s resources, whereas it is not clear whether the RSRQ measurement bandwidth will cover the full channel bandwidth.
Proposal 1: It is suggested that if the RSRQ measurement in active state is to be as useful a measure as CQI in the end, it would be best that the minimum measurement bandwidth (of at least the E-UTRA carrier RSSI) covers the full bandwidth of the measured cell.
One of the concerns with using the RSRQ to trigger handovers was that the load in the system may change frequently. Therefore it should be assumed that averaging time for this measurement, either in the UE or by the network averaging across the received measurement reports, is sufficiently long to ensure that the UE is consistently receiving poor quality, that a handover is the necessary action. 

Proposal 2: In order to reduce network signalling load and prevent the UE from wasting battery by transmitting multiple signalling messages, it would be good to understand if there are ways for the UE to do this averaging prior to reporting (e.g. long time-to-trigger). 
2.2
Need for RSRQ for triggering “intra-frequency” handover
For a frequency re-use = 1, it would seem that using relative RSRQ measurements to decide if a target cell has better quality than the current serving cell is no better than using RSRP, because the only difference is the denominator. 
However, using the RSRQ measurement purely of the serving cell and then using this to trigger neighbour “intra-frequency” cell measurements seems to be useful particularly in the case where the UE is near an eNode B sector border (i.e. where signal strength is high, but interference is also high).
Frequency re-use > 1 would seem to be similar to the inter-frequency handover case.

Proposal 3: Reporting of RSRQ measurements with serving cell as reference pilot should allow network to trigger intra-frequency measurements of other cells.

2.3
Exact use of RSRQ for triggering “inter-frequency” handover
In the case of inter-frequency handover, firstly it seems reasonable that the RSRQ measurement is fine for understanding of the serving system (channel) is providing an acceptable service to the UE, and hence this may be used to trigger inter-frequency measurements on another system (channel). However, there would be little use in handing over a UE to the target system if the target system is also not capable of providing an acceptable service to the UE. Therefore we need to understand what (apart from RSRP measurements) is needed to enable the serving eNode B to predict whether acceptable service can be provided by the target system.

It is assumed here that when the service to the UE is not good enough on the serving system, the Tx power from the serving cell would be at a maximum allowed for the current system situation. This may be limited by the fact that neighbouring cells on the same channel have requested power reductions to the serving cell due to excessive interference. 

The target system will likely be carrying out a similar process. In order for the two processes to be compared in terms of impact of adding another user, there needs to be a comparison not only of the 1) Tx power likely to be needed by the two systems to handle the problem UE, but also the 2) traffic activity of the users in both cells need to be compared, such that the impact of adding the additional user can be understood. Also 3) some understanding of what the impact would be on neighbour cells of the target cell in the target system is needed, i.e. if as soon as a new user is added to the target system, interference control kicks in, then this would not lead to a very stable system situation.

It would seem that these 3 components, in addition to the RSRP measured by the UE, may be enough to understand whether the target system can serve the user better than the serving system, i.e. if the RSRP is the same, but there is more capacity on the target system for handling the user, then it is best to handover the user to the target system, because it can provide a higher bit rate to the user. 

Of course this is based on the assumption that interference coordination is working well in both systems. 
Proposal 4: Reporting of RSRQ measurements with serving cell as reference pilot should allow network to trigger intra-frequency measurements of other cells.

Proposal 5: As long as 3GPP standards can ensure that interference coordination is able to work well between eNode Bs (including those of different vendors), then there does not seem to be a need for a received quality measure of the target system (channel, or sub-channel in the frequency re-use >1 case) to be measured by the UE, and RSRP can be relied upon, as well as information from the target Node B.
3
UE in idle mode

In the idle mode scenario, it would still make sense that the UE should camp on a cell where the reception quality is generally good. In the same way as in active state, the UE should not make this decision over a short period of time, but the system should minimise occurrences of the UE being camped on a cell, but not being able to gain service from this cell because the downlink is not good enough to receive the signalling channel.

The problem is that the RSRQ measurement cannot be used in the same way as active state, because the network cannot subtract the serving cell load from the measurement. Therefore the RSRQ measurement does not seem so useful in idle mode on its own, as the UE has no idea of the load of the serving cell.

There are two possibilities to solve this problem:

1) Signal a load value to the UE such that this can be used when making a decision about whether the serving cell is good enough for camping. However, this would probably require the UE to re-read the broadcast channel quite frequently, and may not be desirable.
2) If the UE cannot decode the BCH of the serving cell, it will anyway not be able to camp on the cell. This will give the UE an idea of the reception quality of the source cell. However if the signalling radio bearer normally takes more power, it may be useful to provide an offset to the UE so that it can understand whether it could potentially receive a higher-powered signalling channel without too many retransmissions.

3) It could be enough just for the UE to do some kind of CQI measurement in idle mode in a similar way to active state, in order to understand whether it is in good enough reception conditions from a reception quality perspective.

Proposal 6: It is proposed that RAN4 discusses this with a view to agree on one of the solutions at the present meeting.

4
Proposed way forward

It is proposed to agree on the following, in order to make progress in this area:

· If the RSRQ measurement in active state is to be as useful a measure as CQI in the end, it would be best that the minimum measurement bandwidth (of at least the E-UTRA carrier RSSI) covers the full bandwidth of the measured cell.

· In order to reduce network signalling load and prevent the UE from wasting battery by transmitting multiple signalling messages, it would be good to understand if there are ways for the UE to do this averaging prior to reporting (e.g. long time-to-trigger). 

· Reporting of RSRQ measurements with serving cell as reference pilot should allow network to trigger intra-frequency measurements of intra/inter-frequency and inter/RAT cells.

· As long as 3GPP standards can ensure that interference coordination is able to work well between eNode Bs (including those of different vendors), then there does not seem to be a need for a received quality measure of the target system (channel, or sub-channel in the frequency re-use >1 case) to be measured by the UE, and RSRP can be relied upon, as well as information from the target Node B.
· RAN4 discusses this with a view to agree on one of the solutions at the present meeting.

If the above proposals are agreed, it is also proposed to liaise with RAN WG1, 2 and 3 to ensure that the inter-Node B load signalling mechanisms they are defining will allow the functions described in this document to work.
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