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1. Introduction
The topic of defining a new RSRQ definition in addition to the existing RSRQ definition has been discussed in a number of RAN4 meetings and a number of papers. In this paper we discuss how the introduction of a new RSRQ definition could be done for the case where RAN4 agrees on such introduction. We discuss the possible needed changes to RAN4 specifications and RAN1 specifications as well as possible impact to RAN2 signalling.

In [6, 7] we have draft LS to RAN1 and RAN2 and in appendix A we have draft text proposal how the new RSRQ could be introduced in RAN4 specifications which is also reflected in CR [8].
2. Discussion
Earlier discussions and simulations showed that the new RSRQ definition in some situation did reflect the actual cell load more accurately. Simulations also showed that it would be visible on system level whether the UE applied the existing or the new RSRQ definition [5].

Based on the discussions RAN4 almost reached a working assumption in RAN4#70 meeting in Prague. The proposed (but not agreed) working assumption was:

‘Proposed working assumption: allow UE to use per-subframe RSSI in RSRQ measurement subject to network control.’
The proposed working assumption and agreed understanding in RAN4 is that the usage of the new RSRQ in the UE is controlled by the network. This would mean that there is a need for signalling support from RAN2 in order to get such support.
Proposal 1: send LS to RAN2 asking RAN2 to implement such indication.

As it is a network decision and control which and when the UE’s shall use the new RSRQ metric it seems clear that there is a need to keep the existing RSRQ measurement definition. Support of the new RSRQ definition would need to be defined in RAN1 as a new additional RSRQ measurement definition. In order to get RAN1 to define the new RSRQ definition we propose to send LS to RAN1.

Proposal 2: send LS to RAN1 in order to get RAN1 to define new additional RSRQ definition.

In order for the network to distinguish which UE’s that support the new RSRQ we find it necessary to introduce a UE capability indication. Whether the capability is optional or mandatory can then be discussed in a later phase.
Proposal 3: introduce a UE capability for indicating support of the new RSRQ definition and ask RAN2 to define the signalling for the capability.

In [6] we have provided a draft LS proposal for RAN1 and in [7] we have provided a draft LS proposal for RAN2 LS.

RRC_Connected Mode
For RRC_Connected we believe it is straightforward to support the new RSRQ. As the network is assumed to have knowledge of the UE support of the new RSRQ metric, the network can limit the configuration of new RSRQ measurement usage to UE’s supporting it. This means that the network can set the measurement parameters according to the configured RSRQ metric.
Therefore, for RRC Connected mode, we believe a simple indication from network which RSRQ metric is to be applied by the UE would be enough. It would then be up to the network configuration that the UE is configured with suitable parameters according to used metric.

The draft LS to RAN2 provided in [7] also captures this proposal.

RRC_Idle Mode
When discussing the RRC Idle Mode it has to be taken into account that the mobility parameters and settings are distributed in a broadcast manner and not in dedicated manner. This means that both legacy UEs only supporting the existing RSRQ definition and newer UE’s supporting the new RSRQ definition would need to operate correctly i.e. it should be possible to keep legacy UE behaviour unchanged also in case new RSRQ metric is potentially used by some UE’s.

The actual signalling to support enabling correct legacy UE behaviour as well as configuration of use of new RSRQ metric would be up to RAN2. But from RAN4 point it would need to be discussed whether the new RSRQ should be applied in both RRC_Idle and RRC_Connected modes.
Proposal 4: RAN4 should discuss whether the new RSRQ measurement is also supported in RRC_Idle mode.

3. Conclusions

In this paper we have discussed the potential changes for introduction of the new RSRQ measurement definition as discussed in RAN4. From the discussions a number of proposals are made:
Proposal 1: send LS to RAN2 asking RAN2 to implement such indication.

Proposal 2: send LS to RAN1 in order to get RAN1 to define new additional RSRQ definition.

Proposal 3: introduce a UE capability for indicating support of the new RSRQ definition. And indicate requirement to have such in to RAN2.
Proposal 4: RAN4 should discuss whether the new RSRQ measurement is also supported in RRC_Idle mode.

Based on the first 3 proposals we have in [6] drafted an LS to RAN1 and in [7] an LS to RAN2. Appendix A and CR [8] includes potential changes to 36.133 for introducing the use of new RSRQ measurement metric.
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Appendix A
< Unchanged sections have been omitted>

8.1.2
Requirements

8.1.2.1
UE measurement capability

If the UE requires measurement gaps to identify and measure inter-frequency and/or inter-RAT cells, in order for the requirements in the following subsections to apply the E-UTRAN must provide a single measurement gap pattern with constant gap duration for concurrent monitoring of all frequency layers and RATs.

During the measurement gaps the UE:

-
shall not transmit any data

 -
is not expected to tune its receiver on any of the E-UTRAN carrier frequencies of PCell and SCell.

In the uplink subframe occurring immediately after the measurement gap,
-
the E-UTRAN FDD UE shall not transmit any data
-
the E-UTRAN TDD UE shall not transmit any data if the subframe occurring immediately before the measurement gap is a downlink subframe.

Inter-frequency and inter-RAT measurement requirements within this clause rely on the UE being configured with one measurement gap pattern unless the UE has signaled that it is capable of conducting such measurements without gaps. UEs shall only support those measurement gap patterns listed in Table 8.1.2.1-1 that are relevant to its measurement capabilities.

Table 8.1.2.1-1: Gap Pattern Configurations supported by the UE

	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x


NOTE 1:
When inter-frequency RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern 0 can be used. For defining the inter-frequency and inter-RAT requirements  Tinter1=30ms shall be assumed. 
NOTE 2:
A measurement gap starts at the end of the latest subframe occurring immediately before the measurement gap.
A UE that is capable of identifying and measuring inter-frequency and/or inter-RAT cells without gaps shall follow requirements as if Gap Pattern Id #0 had been used and the minimum available time Tinter1 of 60 ms shall be assumed for the corresponding requirements.

If the UE supporting E-UTRA carrier aggregation when configured with an SCC is performing measurements on cells on PCC, inter-frequency measurements, or inter-RAT measurements, and an interruption occurs on PCell due to measurements performed on cells on the SCC with a deactivated SCell according to section 8.3, then the UE shall meet the requirements specified for each measurement in Section 8 and Section 9.

Option 1:

If the UE support RSSI measurement taken in all OFDM symbols and when configured to measure RSSI in all OFDM symbols in the sub-frame shall meet the requirements specified for each measurement in Section 8 and Section 9.

Option 2:

A UE that is capable of measuring RSRQ using RSSI measured over all OFDM symbols in the sub-frame when configured to measure RSRQ using RSSI measured over all OFDM symbols in the sub-frame shall meet the requirements specified for each measurement in Section 8 and Section 9.

