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1 Introduction
At RAN4#76 a way forward on measurement gap enhancements was agreed [1], and one of the areas to be studied concerns the feasibility of conducting measurements using multiple RF chains. 

In this contribution we are discussing the feasibility of a CA and/or DC-capable UE carrying out parallel measurements on multiple carriers in measurement gaps.
2 Background
2.1 UE RF architectures

Several RF architectures exist with respect to number of RF ICs and associated RF front end modules. In early generations of products that are supporting an increased number of carriers, due to time-to-market considerations one may connect several legacy RF ICs and associated front end modules (FEM) to the baseband to achieve the desired capability with respect to simultaneously received and/or transmitted carriers (Figure 1a). In later product generations a single RFIC and associated FEM may be used (Figure 1b) in order to save die size and therefore reducing both bill of material (BOM) and power consumption. 
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Figure 1: Sketch of exemplary UE RF architectures. (a) Early product generation using companion RFICs and associated FEMs, (b) Mature product generation using a fully integrated RFIC and FEM.
For the companion chip solution FEMs #1 and #2 may or may not support the same band combinations. Due to BOM considerations, more bands (by means of LNAs, filters, et cetera) may be supported by FEM#1 than FEM#2. Some bands may be common to both FEMs, and some may be supported only on one of them. The exact configuration is in general determined by which market (UE vendor) is targeted, and it is highly chipset vendor-specific.
For the companion chip solution the following has to be considered regarding reconfiguration:

· If carrier A is supported both by RFIC/FEM#1 and #2, but carrier B is supported only by RFIC/FEM#1, all RF chains on RFIC/FEM#1 are utilized and one of them for carrier A, in case the UE gets configured with carrier B it has to interrupt the ongoing communication to move carrier A from RFIC/FEM#1 to RFIC/FEM#2 before configuring carrier B on RFIC/FEM#1.

· When reconfiguring   RFIC/FEM#1 

· potentially all carriers at least on RFIC/FEM#1 may have to be interrupted for reconfiguration of ADC sampling frequencies to prevent that harmonics interfere with carrier B
· potentially all carriers at least on RFIC/FEM#1 may have to be interrupted to avoid a transient caused by a pull effect between PLLs

· When activating a currently unused RF chain an interruption might be needed for the concerned RFIC due to a transient in the power supply

· When reconfiguring an RFIC and thereby increasing or decreasing the aggregated bandwidth an interruption may be needed for reconfiguring the data rate over the interface between each respective RFIC and the baseband.

· Some band combinations may be impossible due to shortage of RF resources either in the FEM of the RFIC, e.g. high-band/low-band support, et cetera.
For the fully integrated single-IC solution one has to consider internal bottlenecks that prevent particular band combinations to be supported, although each of the bands in the combinations are supported in other band combinations. Some band combination may therefore be impossible, and others may at least require an interruption similar to the examples provided for the companion chip solution.

Observation 1: The UE RF architecture and its limitations are highly specific for each chipset vendor, UE vendor and product. It is not realistic to assume that the network node would have detailed knowledge about the internal structure of the FEM(s) and RFIC(s).

The UE is providing information to the network node on which carriers it can receive simultaneously via the UE capability reporting on supported band combinations.

Observation 2: The network node knows which band combinations the UE can support simultaneously, although an interruption of the ongoing communication may be needed at activation and deactivation of carriers. Hence the network node does not have to know the internal details of the UE RF architecture. 
2.2 UE Measurements in gaps
Currently RAN4 specifies that the measurement gap is on all carriers simultaneously. This makes sense as otherwise the network node would have to have detailed knowledge about each UE’s internal RF architecture. But so far it is specified to only carry out measurements on one carrier in each gap. Since the UE is capable of receiving multiple carriers in parallel, it would be desirable to carry out measurements on multiple carriers - where the supported band combinations as reported in the UE capability allow it – in parallel. The UE already has the capacity to measure several carriers in parallel and is doing so when actively engaged in communication over multiple CCs.
Observation 3: A UE capable of CA (or DC) has the capacity to measure several carriers in parallel, provided that the band combinations are supported.

It would be straight-forward to reduce the detection time of new cells and events by introducing requirements that state that if the UE has reported particular supported band combinations, it shall also be capable of conducting parallel measurements in measurement gaps on those carriers. The interruptions discussed in the section above are of no concern since the RF reconfiguration anyway is accounted for in the measurement gap budget (tuning to and from the measured carrier).

Proposal 1: RAN4 shall investigate suitable specification of requirements on cell and event detection times for inter-frequency measurements in gaps with parallel measurements on carrier combinations that have been reported by the UE as supported band combinations.
It is further proposed that it is up to the UE implementation to decide how to best schedule measurements when the superset of inter-frequency carriers is not supported but each of the carriers is supported in one or more band combinations.  
Proposal 2: The scheduling of the parallel measurements shall be left to the UE implementation as long as it fulfils the proposed RAN4 requirements on parallel measurements on multiple carriers. 
3 Conclusion

We have looked in to the feasibility of the network node having detailed knowledge of the UE RF architecture. The following observations were made:

Observation 1: The UE RF architecture and its limitations are highly specific for each chipset vendor, UE vendor and product. It is not realistic to assume that the network node would have detailed knowledge about the internal structure of the FEM(s) and RFIC(s).

Observation 2: The network node knows which band combinations the UE can support simultaneously, although an interruption of the ongoing communication may be needed at activation and deactivation of carriers. Hence the network node does not have to know the internal details of the UE RF architecture. 
Observation 3: A UE capable of CA (or DC) has the capacity to measure several carriers in parallel, provided that the band combinations are supported.

In our view it would be more realistic to introduce RAN4 requirements on cell and event detection that are based on that the UE has reported that it can use particular bands in combination. Therefore we propose the following:

Proposal 1: RAN4 shall investigate suitable specification of requirements on cell and event detection times for inter-frequency measurements in gaps with parallel measurements on carrier combinations that have been reported by the UE as supported band combinations.

Proposal 2: The scheduling of the parallel measurements shall be left to the UE implementation as long as it fulfils the proposed RAN4 requirements on parallel measurements on multiple carriers. 
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