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1 Introduction
As part of the work on per CC based measurement gap configurations, there is an objective to specify use of multiple RF chains to perform measurements in parallel:
	· Specify per-CC based measurement gap configurations

· …

· Use of multiple RF chains to perform measurements in parallel, depending on UE measurement capabilities

· …



In this contribution we discuss further how to address the objective and capture the requierments. The way forward from RAN4#80bis indicated
	· Companies are encouraged to provide input on how to capture parallel measurement requirements


2 Discussion

In previous discussions in RAN4, some of the main points raised have been

· It has been discussed whether the eNB needs to know that the UE has the capability to measure in parallel

· The measurement gap usage is an aspect for UE implementation, ie RAN4 does not mandate that a particular measurement gap is used to measure a particular measurement object 

· The parallel measurement capability is a baseband as well as an RF capability. For example, performing parallel measurement depends on the processing capability of the searcher.

For the first point, our view is that it is essential that the eNB knows whether the UE will perform parallel measurements, because it greatly impacts measurement delays. It is expected that an eNB will offten configure a more capable UE with a greater number of measurement objects, enabling for example, interfrequency handover or carrier aggregation with hotspots on a larger number of frequencies. In current radio network planning the number of monitored frequencies is deliberately kept to a minimum to optimize detection latency. The ‘minimum’ can be increased for the more capable UEs
Observation 1 : The eNB needs to know that the UE has the capability to measure in parallel so that it can configure more measurement objects to more capable UEs
This is not to say that the less capable UE would not be functional, or fail to remain in coverage, with a restricted neighbour frequency list but that the more capable UE would be able to offer a better user experience especially when the enhanced measurement performance is used in conjunction with other advanced features such as LAA or DL CA with a larger number of downlink carriers. 

It is true that a legacy CA UE is not precluded from parallel measurements since RAN4 only specifies minimum requirements for delay. However, the main aspect which needs to be addressed is to make the eNB aware of this capability so that it can configure the UE appropriately.

For the second issue, it is true that the measurement gap usage is an aspect for UE implementation, i.e. RAN4 does not mandate that a particular measurement gap is used to measure a particular measurement object. However, it is also true that release 8 UEs (without CA and with one RF chain) are able to meet RAN4 requirements so there seems to be no technical reason why a suitably designed and capable UE (from both RF and baseband capability) could not measure 2 or more inter-frequencies in the same time interval that the single carrier UE measures one. In the end, RAN4 will not mandate that gaps are used in a particular way, the only aspect which matters in the end are delays (measurement period and cell identification delay). So RAN4 does not need to mandate a particular implementation (such as measuring in parallel) although it is convenient to talk about this in RAN4 meetings as a practical way in which a more capable UE may meet enhanced requirements.   
For the third issue, we recognise that it would not be desirable to mandate all UEs with multiple RF chains to perform parallel measurements due to cost, power consumption and complexity issues. In practice, what matters to the eNB is the Nfreq that the UE will use for a given measurement configuration, and the eNB does not have to be aware of whether the restriction arises from baseband or RF.

In principle, the Nfreq that the UE would use depends on four factors

1. The CA configuration, which will determine which RF chains are configured

2. The per CC gap configuration which will determine which of these RF chains are free in gaps

3. The interfrequency measurement configuration.

4. Any UE baseband processing limitation, e.g. UE does not have baseband capability to measure more than X carriers in parallel even if there are multiple RF chains free in gaps

This means that the capability for signalling Nfreq may become extremely complicated, i.e. there are many combinations of these 4 factors. Signalling could be simplified for example by doing all of the following

1. Indicating Nfreq only for the currently configured CA or single carrier configuration

2. Indicating Nfreq only for a maximal gap configuration (i.e. assume that gaps are configured on all CC). Similarly to the approach in [2], we are primarily interested in configuring gaps on all CC for this feature, which will avoid any issue with interruptions and the main interest is in being able to reduce reporting delay for a configuration with multiple candidate frequencies rather than to optimise gap usage.
3. Indicating Nfreq for measurement configurations requested by the eNB, rather than all possible measurement configurations.

Proposal 1: The Nfreq that will be used by the UE is for certain measurement configuration(s) is requested by the eNB and provided for the currently configured CA combination assuming a maximal gap configuration
From a 36.133 perspective, the change can be captured e.g. as follows

	When monitoring of multiple inter-frequency E-UTRAN and inter-RAT (UTRAN, GSM) using gaps (or without using gaps provided the UE supports such capability) is configured, the UE shall be capable of performing one measurement of the configured measurement type (RSRP, RSRQ, RSTD, UTRAN TDD P-CCPCH RSCP, UTRAN FDD CPICH measurements, GSM carrier RSSI, etc.) of detected cells on all the layers 

The effective total number of frequencies excluding the frequencies of the PCell and SCell being monitored is Nfreq, which is defined as:

Nfreq = Nfreq, E-UTRA + Nfreq, UTRA + Mgsm + Nfreq, cdma2000 + Nfreq, HRPD

where 

Nfreq, E-UTRA is the number of E-UTRA carriers being monitored (FDD and TDD)

Nfreq, UTRA is the number of UTRA carriers being monitored (FDD and TDD)

MGSM is an integer which is a function of the number of GSM carriers on which measurements are being performed. MGSM is equal to 0 if no GSM carrier is being monitored. For a MGRP of 40 ms, MGSM is equal to 1 if cells on up to 32 GSM carriers are being measured. For a MGRP of 80 ms, MGSM is equal to ceil(Ncarriers,GSM /20) where Ncarriers,GSM is the number of GSM carriers on which cells are being measured.

Nfreq, cdma2000 is the number of cdma2000 1x carriers being monitored

Nfreq, HRPD is the number of HRPD carriers being monitored

The UE may optionally indicate using higher layer signalling that it supports measurement with a lower Nfreq than Nfreq, E-UTRA + Nfreq, UTRA + Mgsm + Nfreq, cdma2000 + Nfreq, HRPD if it is capable of performing multiple measurements in parallel in one measurement gap. In this case, the measurement performance in the following sections is according to the Nfreq value indicated by higher layer signalling.


3 Conclusions

In this contribution we discuss further parallel measurements
Observation 1 : The eNB needs to know that the UE has the capability to measure in parallel so that it can configure more measurement objects to more capable UEs
Proposal 1: The Nfreq that will be used by the UE is for certain measurement configuration(s) is requested by the eNB and provided for the currently configured CA combination assuming a maximal gap configuration
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