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1. Introduction
In this contribution we discuss the way forward for performance requirements for UE that support optional capabilities to measure without gaps. Based on offline discussion in last meeting, it seems that the most fruitful area in which requirements can be considered is for CA capable UE that are configured to non CA operation. In this case, it seems that such UE may have additional RF and baseband processing capability such that they might realistically choose to measure without gaps. For example a CA_1A-5A UE configured to single carrier operation on B1 may be able to use B5 RF and baseband measurement capability to measure a B5 neighbour without gaps. 
2. Discussion

TS36.306 defines the UE capability for measurement without gaps, which is signalled per E-UTRA band combination and indicates the other E-UTRA radio frequency bands which can be measured without gaps:
4.3.6.1
interFreqNeedForGaps and interRAT-NeedForGaps
These fields define for each supported E-UTRA band whether  measurement gaps are required to perform measurements on each other supported E-UTRA radio frequency band and on each supported RAT/band combination. A UE also indicates for each band combination as in the supportedBandCombination whether measurement gaps are required to perform measurements on each supported E-UTRA radio frequency band and on each supported RAT/band combination.
In principle this signalling is quite flexible, but we think that it is most likely beneficial to limit the discussions in RAN4 on requirements for measurements which result in RF configurations similar to carrier aggregation configurations. In other words, it is probably less critical for RAN4 to define performance requirements for combinations which are not considered in rel10/11 CA such as measurement of serving+2 additional bands without gaps, or interRAT cells, even though RAN2 signalling allows for this possibility. If additional CA configurations are added in future releases then RAN4 requirements for measurements can always be updated at a later date.
The benefit of this approach is that the reference RF architectures and measurement requirements for CA are well understood and defined in RAN4 specifications. Therefore it seems more straightforward to define corresponding requirements for “CA-like” measurement configurations rather than to speculate on RF reference architectures and switching for ever more sophisticated options.

As a starting point we review the CA measurement requirements in 36.133. The basic principles are
· Measurements on SCC are made without gaps whenever CA is configured

· PCC measurements meet intra-frequency delay requirements

· SCC measurements meet intra-frequency delay requirements when the SCell is active. Inactive SCell measurement delay requirements are determined by a configurable measurement cycle, which would not be signalled to a non CA configured UE.

· RSRP and RSRQ measurements of cells on the primary component carrier shall meet the intrafrequency absolute accuracy requirements in sections 9.1.2.1 and 9.1.5.1. Comparisons between RSRP of cells on the primary component carrier shall also meet the intra-frequency relative accuracy requirements in sections 9.1.2.2.

· RSRP and RSRQ measurements of cells on the secondary component carrier shall meet the intrafrequency absolute accuracy requirements in sections 9.1.2.1 and 9.1.5.1. Comparisons between RSRP of cells on the secondary component carrier shall meet the intra-frequency relative accuracy requirements in sections 9.1.2.2

· When measurements of cells on the primary component carrier are compared with measurements of cells on the secondary component carrier, the applicable relative accuracy requirements are the RSRP and RSRQ inter-frequency accuracy requirements in sections 9.1.3.2 and 9.1.6.2.

It seems desirable that the measurement requirements for CA UE configured to non CA operation follow these principles as closely as possible, to maximise the common UE implementation. The main aspect which needs to be considered additionally to CA is that the UE simply indicates that a certain band can be measured without gaps, whereas for the CA case only the SCC measurements without gaps are considered in the requirement. This means that if a certain band is indicated as a capability for measurement without gaps (for example B5 in a CA_1A-5A UE being operated on band 1) then the network may configure up to 3 interfrequency carriers on B5. As the UE has indicated a capability to measure B5 without gaps, there is no debate that it can measure all 3 carriers without gaps, but the open question is what the performance requirements should be and whether the normal “Scaling by Nfreq” is applicable for both cell identification and measurement period. In the absence of a RAN4 simulation campaign it can either be accepted as is, or the requirements can be focussed on the case where only 1 interferequency carrier is measured without gaps. The approach in [1] is the former. While this may be acceptable, it should be verified especially for cell search that such scaling is a valid approach.
Proposal 1 : RAN4 requirements for CA UEs configured to non CA operation and supporting measurements without gaps are defined to have similar performance as CA SCC measurements, with the addition of scaling by Nfreq. The valididity of scaling of cell search performance by Nfreq should be checked.
Proposal 2 : RAN4 does not consider requirements for cases which have not been considered yet for CA operations, such as UE that may indicate that they can measure on 2 bands + the serving frequency without gaps.

Proposal 3 : RAN4 does not consider requirements for non CA UEs which indicate support for measurement without gaps

Some aspects of these proposals are perhaps best illustrated by example. If we imagine a CA UE supporting CA_4-17 and CA_4-5 carrier aggregation, then it is likely that it could indicate that it supports measurements without gaps on B17 and on B5 when it is configured on B4. However, there are most likely only 2 RF chains, one of which is used for reception of the serving cell. Thus, if neighbours are configured on both B17 and B5 it is necessary to speculate on how the UE switches its RF chain between B17 and B5 to define the requirement. Also, proposal 1 means that interRAT requirements would not be defined, in the absence of interRAT carrier aggregation.

On interband CA, considering that it is likely that a UE uses a single receiver for intraband contiguous carrier aggregation, it seems unlikely that such UE can perform measurements except on adjacent frequencies. Unlike multicarrier HSDPA, there is no capability to explicitly indicate capability to measure only on an adjacent frequency, so it is unlikely that UE are able to indicate support generically for measurements without gaps on the same band as the serving cell. Additionally, it is most likely risky to increase the receiver bandwidth for the purposes of making intraband adjacent channel measurements. Nevertheless, it may not be necessary to exclude this case from work.
3. Conclusions

In this contribution, we consider the requirements for UE that indicate support for measurement without gaps

Proposal 1 : RAN4 requirements for CA UEs configured to non CA operation and supporting measurements without gaps are defined to have similar performance as CA SCC measurements, with the addition of scaling by Nfreq.

Proposal 2 : RAN4 does not consider requirements for cases which have not been considered yet for CA operations, such as UE that may indicate that they can measure on 2 bands + the serving frequency without gaps.

Proposal 3 : RAN4 does not consider requirements for non CA UEs which indicate support for measurement without gaps
The main areas which needs careful consideration are the applicability of the requirements which could otherwise create a disincentive to support optional gapless meaurements, for instance for a non CA capable UE, or in case a requirement is inadvertently created for intraband CA UEs to perform measurements on the same band as the serving cell.

 The other aspect which may need verification is the scaling of cell search requirements from intrafrequency cell detection by Nfreq in case multiple frequencies are indicated on the band to be measured without gaps.
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