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1. Introduction
At RAN2#80, an indicator to enable UEs in connected mode to measure RSRQ on more than 6 RBs was introduced [1, 2]. RAN2 received further input from RAN4 that wideband RSRQ measurements are also supported for UEs in idle mode [3]. RAN2 is asked to introduce additional signalling for the idle mode support in our responsibility as follows:
· Explicit indication is signalled by the network to inform the UE to perform wideband RSRQ measurements.

· Additional reselection parameters for wideband RSRQ measurements are signalled by network in both E-UTRAN and UTRAN.

· Note that new parameters are needed because the difference between measured RSRQ on 6RBs and a wider bandwidth can be large.

· It applies when the AllowedMeasBandwidth is 10 MHz or larger.
This paper discusses how to signal the additional reselection parameters in both LTE and UMTS.
2. Discussion
2.1. Parameters signalled for wideband RSRQ measurements
Squal based cell reselection parameters broadcast in E-UTRAN and UTRAN and their usage are summarised in Table A1 of the Annex section. As asked by the RAN4 LS, cell reselection parameters for UEs capable of wideband RSRQ measurements need to be signalled by the network. Before looking into the signalling detail, it is worthwhile discussing whether all parameters in Table A1 have to be signalled or the part of parameters is enough. As shown in Table A1, Squal derived from Qqualmin is compared with the threshold to check whether the criterion for measurement rules and cell reselection is fulfilled. As such, the following alternatives can be considered:
Alternative 1:

All reselection parameters are additionally signalled by the network.
Alternative 2:

Reselection parameters except for Qqualmin are additionally signalled by the network.
Alternative 3:

Only Qqualmin is additionally signalled by the network.

Alt.1 is the most flexible signalling while signalling overhead is the heaviest. On Alt.2, an offset value applied for Qqualmin is included into the other parameter. An example for the E-UTRAN intra-frequency measurement is that 6 dB offset is applied to SIntraSearchQ instead of applying 3 dB offset to both SIntraSearchQ and Qqualmin respectively. The offset taken into account for this wideband measurement can be tuned for each threshold respectively. The signalling overhead is slightly lighter than Alt.1. On the other hand, the benefit of the offset setting cannot be obtained for cell selection criteria as the offset is not applied for Qqualmin. The same Qqualmin setting tuned for the legacy UE is also used by the UE measuring RSRQ on the centre 6 RBs. This would result in experiencing less coverage compared with the legacy UE (i.e. detecting out of coverage earlier).On Alt.3, the offset for wideband measurements is included into Qqualmin. Unlike Alt.2, this alternative can cover the cell selection case as well as cell reselection. The signalling overhead is the lightest. The drawback would be the threshold for measurement rules and cell reselection cannot be tuned individually. 
From the above observation, Alt.3 seems suitable considering the lightest signalling overhead and applicability to cell selection. The drawback of not tuning the threshold individually would not be considerable. Therefore, the following is proposed:
Proposal 1:
In both LTE and UMTS, only Qqualmin should be additionally signalled for idle mode support of wideband RSRQ measurements.
2.2. Signalling alternatives

According to the RAN4 LS, the UE in RRC_IDLE measures RSRQ with a wider bandwidth if it is indicated by the network as well as RRC_CONNECTED. This UE behaviour is motivated by the fact that wideband RSRQ measurements will increase UE power consumption. Having this in mind, the following options can be considered to signal Qqualmin additionally for wideband RSRQ measurements:
Option 1:

Broadcast Qqualmin itself additionally
Option 2:

Broadcast an offset value applied to Qqualmin
Option 3:
Signal an offset value applied to Qqualmin for each carrier frequency by dedicated signalling (e.g., RRCConnectionRelease for LTE/UMTS or UTRAN MOBILIY CONTROL INFORMATION for UMTS)
Option 4:
 Fixed offset value for UEs supporting wideband RSRQ measurements
With regards to Option 4, the UE can limit the case where RSRQ is measured with a wider bandwidth only if the AllowedMeasBandwidth broadcast by System Information is 10 MHz or lager. No additional signaling is required while it is the least flexible approach among the alternatives. Given that the amount of interference experienced in the centre 6 RBs depends on the channel bandwidth and the transmission bandwidth of both the serving and the neighbor cells [4], the fixed offset value would not be suitable.
With regards to Option 3, this alternative has an advantage of not increasing the broadcast overhead although it is not a significant benefit as only Qqualmin is signalled additionally. The UE can limit the case to perform wideband RSRQ measurements as well as Option 3. However, the offset value can be obtained only after the UE transits to the connected mode and then go back to the idle mode. In light of the fact that wideband RSRQ measurements increase UE power consumption, the network will attempt to limit the area where RSRQ has to be measured with a wider bandwidth. In that case, the UE cannot obtain the offset value unless the UE transits to the connected mode in the concerned area. Consequently, cell reselection cannot be performed by the appropriate thresholds. The benefits of UEs supporting wideband RSRQ measurements would be less valuable.
With regards to Option 1 or 2, the network can broadcast Qqualmin additionally only on the cell whether RSRQ has to be measured with a wider bandwidth. The UE can limit the case to do this as well as the other options. The disadvantage of these options is to consume the broadcast resource. From the simulation analysis in RAN4, 3 - 5 dB of the measured RSRQ difference between the centre 6 RBs and a wider bandwidth can be observed (e.g., [5 - 8]). Thus, the offset parameter approach (Option 2) is sufficient to reduce the broadcast overhead as much as possible. If this approach is chosen, 1 to 8 dB of the offset range including a margin would be enough from the RAN4 simulation result. 
From the above analysis, the drawback of Option 3 and 4 will negate their advantage of not consuming the broadcast resource. Given that one offset (3 bits) is only broadcast in the corresponding SIBs, the drawback of Option 1 consuming the broadcast resource would not be significant. Accordingly, Option 2 seems suitable. 
For cell selection criteria in LTE, an offset for Qqualmin (i.e., Qqualminoffset) has already been defined [10]. Reusing this existing offset broadcast in SIB1 may be considered. In that case, the offset applied to Qqualmin is additionally needed for intra/inter-frequency cell reselection broadcast in SIB3/5. Nevertheless, the usage of the existing Qqualminoffset is for a periodic search for higher priority PLMN while camped normally in a VPLMN [10]. Given that the usage is different, an additional offset for wideband RSRQ measurements should also be introduced to cell selection criteria. Therefore, the following is proposed:
Proposal 2:
For both LTE and UMTS, an offset value applied to Qqualmin is broadcast in SIB1/3/5 (LTE) and SIB19 (UMTS). The range of the offset parameter is 1 to 8 dB.

With regards to the UE behaviour on when to perform wideband RSRQ measurements, the following is proposed:

Proposal 3:
The UE measures RSRQ with a wider bandwidth and performs cell selection/reselection applying an offset value to Qqualmin if the AllowedMeasBandwidth is 10 MHz or larger.
3. Summary and proposal
This paper discussed how to signal the additional reselection parameters for wideband RSRQ measurements in both LTE and UMTS. In conclusion, the followings were proposed:
Proposal 1:
In both LTE and UMTS, only Qqualmin should be additionally signalled for idle mode support of wideband RSRQ measurements.
Proposal 2:
For both LTE and UMTS, an offset value applied to Qqualmin is broadcast in SIB1/3/5 (LTE) and SIB19 (UMTS). The range of the offset parameter is 1 to 8 dB.

Proposal 3:
The UE measures RSRQ with a wider bandwidth and performs cell selection/reselection applying an offset value to Qqualmin if the AllowedMeasBandwidth is 10 MHz or larger.
For these proposals, CRs to 36.304/331 and 25.304/331 are provided in this meeting [11 - 14].
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Annex: Squal based cell reselection parameters
Table A1:

Squal based cell reselection parameters.

	#
	Parameter
	Usage

	LTE
	SIB1/3/5
	Qqualmin
	For Squal calculation: 

Squal = Qqualmeas – (Qqualmin + Qqualminoffset)

	
	SIB3
	SIntraSearchQ
	For intra-frequency measurements: 

Srxlev > SIntraSearchP and Squal > SIntraSearchQ

	
	
	SnonIntraSearchQ
	For an E-UTRAN inter-frequency and an inter-RAT frequency measurements with an equal or lower priority: 

Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ

	
	
	ThreshServing, LowQ
	For reselection criterion to a lower frequency cell:

Squal < ThreshServing, LowQ (serving cell) and Squal > ThreshX, LowQ (target cell)

	
	SIB5
	ThreshX, LowQ
	

	
	
	ThreshX, HighQ
	For reselection criterion to a higher frequency cell:

Squal > ThreshX, HighQ

	UMTS
	SIB19
	Qqualmin
	For Squal calculation:

Squal = Qqualmeas – Qqualmin

	
	
	ThreshX, high2
	For reselection criterion to a higher priority E-UTRAN cell:

Squal > Threshx,high2

	
	
	ThreshX, low2
	For reselection criterion to a lower priority E-UTRAN cell:

Squal < Threshserving,low2 (serving UTRAN cell) and Squal > Threshx,low2 (target E-UTRAN cell)
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