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1. Introduction

The requirements for inter-frequency and inter-RAT measurements without measurement gaps for UE supporting such capabilities were introduced in LTE release 11 of TS 36.133. In the previous meetings whether PCell interruption requirements are also needed when such measurements are conducted have been discussed in [1-3]. However no consensus has been reached on this issue until now.   
In this paper we analyse the need and impact of interruption from both UE and network implementation perspective and expressed our views regarding on the need for such additional requirement. 
2. PCell Interruption from UE Perspective 
According to the IE, which indicates UE capability of measuring on non-serving carrier(s) without measurement gaps, the serving carrier and inter-frequency carriers can belong to frequency bands listed in “bandListEUTRA or E-UTRA band combination” and ‘InterFreqBandList’. 

UE-EUTRA-Capability information element
InterFreqBandList ::=



SEQUENCE (SIZE (1..maxBands)) OF InterFreqBandInfo

InterFreqBandInfo ::=



SEQUENCE {


interFreqNeedForGaps



BOOLEAN

}

InterRAT-BandList ::=



SEQUENCE (SIZE (1..maxBands)) OF InterRAT-BandInfo

InterRAT-BandInfo ::=



SEQUENCE {


interRAT-NeedForGaps



BOOLEAN

	interFreqNeedForGaps

Indicates need for measurement gaps when operating on the E‑UTRA band given by the entry in bandListEUTRA or on the E-UTRA band combination given by the entry in bandCombinationListEUTRA and measuring on the E‑UTRA band given by the entry in interFreqBandList.


Depending upon the UE implementation, the bands in both “bandListEUTRA or E-UTRA band combination” and “InterFreqBandList” can be different. In this case inter-frequency measurement without gap can only be conducted in non-serving band. But it is also possible that certain UE implementation supports one or more common bands in both lists i.e. in “bandListEUTRA or E-UTRA band combination” and “InterFreqBandList”. In this case the inter-frequency measurement without gap can also be conducted in certain serving bands i.e. those common in both lists. 
In both inter-band and intra-band inter-frequency measurements without gaps whether the UE would cause PCell interruption due to inter-frequency measurement sampling depends upon the UE RF architecture. This is described considering various cases below:
1. If the UE does not have single chip RF implementation then for inter-frequency measurements without gaps on carrier(s) in non-serving band(s), the UE will not cause PCell interruption. This is because UE will have separate RF chains for operation on serving band and for inter-frequency measurements.   

2. If the UE has single chip RF implementation then for inter-frequency measurements without gaps on carrier(s) in non-serving band(s), the UE will cause PCell interruption. This is because in such architecture the switching on and off of the RF chain for measurements would cause interruption on PCell as discussed in the context of CA. 
3. For inter-frequency measurements without gaps on carrier(s) in serving band, the UE will cause PCell interruption if it uses the common RF chain for both serving carrier and inter-frequency carrier(s) e.g. wider bandwidth RF front end architecture. This is because UE will have to retune its receiver BW when measung on inter-frequency carrier. 
4. For inter-frequency measurements without gaps on carrier(s) in serving band, the UE will not cause PCell interruption if it uses the separate RF chains for both serving carrier and inter-frequency carrier(s) and assuming separate RF chains are not on single chip e.g. UE also supports inter-frequency measurements without gaps on other band(s) which is not currently used for operation. 
5. For inter-frequency measurements without gaps on carrier(s) in serving band, the UE will cause PCell interruption even if it uses separate RF chains for both serving carrier and inter-frequency carrier(s) but the two RF chains are implemented on single chip.
From the above explanation we observe that not all UE implementation would require PCell interruption i.e. in case of 1) and 4) the UE should not cause any interruption on PCell when performing inter-frequency measurements without gaps. The same explanation also applies to inter-RAT measurements without gaps. 
3. Impact of PCell Interruption on Network Performance
The measurement time for the inter-frequency and/or inter-RAT measurements without measurement gaps is based on gap id # 0 (i.e. much longer than those defined for intra-frequency measurements). However the measurements conducted without gaps avoid the user throughput loss of up to 15%. Thus the main advantage of such requirements from network performance point of view is the increase in throughput. 
A packet loss rate of packets transmitted/received on PCell of 3% was proposed [1]. This apparently and in theory would lead to 3% throughput loss. However the network cannot predict the occurrence of the PCell interruption caused by the UE due to measurement sampling on non-serving carrier(s). For example the undilereved packets lost during the instances of the interruptions will have to be retransmitted to the UE. Thus in practice and especially under heavy user traffic activity the effective throughput loss would be larger than the packet loss rate requirement defined in the specification. Therefore instead of having interruption on PCell it would be more beneficial from the network performance point of view that the network configures measurement gaps. 

4. Summary of Proposal

As stated in section 3 that from the network performance point of view it is more beneficial if the UE does NOT cause PCell interruption when measuring inter-frequency/inter-RAT measurements without gaps. 
It was also identified that the PCell interruption depends upon UE RF implementation and RF architecture, which are of course known to the UE. Furthermore it is up to UE implementation to indicate whether it needs gaps or not for conducting such measurements. 

Based on these arguments we suggests no PCell interruption requirements are defined; UE implementation requiring interruption will have an option not to indicate that it can measure without gaps on non-serving carrier. 
· Proposal # 1: The UE shall not cause any interruption on PCell when conducting inter-frequency/inter-RAT measurements without gaps. 
The above proposal is preferably captured in TS 36.133 to prevent any confusion or misnderstanding.   

5. Summary
In this paper we have analyzed both from UE implementation and nework performance point of view the impact of inter-frequency/inter-RAT measurements without gaps on PCell interruption. It is suggested that UE does not cause any PCell interruption when conducting such measurements without gaps. 
· Proposal # 1: The UE shall not cause any interruption on PCell when conducting inter-frequency/inter-RAT measurements without gaps. 

A CR to TS 36.133 is provided in [4].
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