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1 Introduction

The problem of how to secure 6 ms measurement gaps has been addressed in several contributions since RAN4#66, see e.g. our contribution from RAN4#70, [1]. The original issue at RAN4#66 was about impact of timing advance on measurement gaps that are positioned between UL subframes in LTE TDD single carrier case. 
Based on the approved way forward, [2], interested provide feedback on whether the UE behaviour after a gap needs to be modified for the following scenarios: FDD single carrier case, TDD single carrier case, FDD CA, and TDD CA with same and with different UL/DL subframe configuration on PCell and SCell, respectively. For the CA scenarios both Single TAG and Multiple TAGs were to be considered. 

However RAN4 did not reached on any agreement with respect to this issue. In particular one controversial issue which affects the decision is the radio switching time. In this paper we further discuss this aspect.  

1.1 Allowed Radio Switching Time
Table 8.1.2.1-1 in 3GPP TS 36.133 [3] specifies how much net radio time for cell search and measurements shall be considered for each of the measurement gap patterns. The radio time is specified per 480 ms, during which there are 12 measurement gaps with periodicity 40ms or 6 gaps with periodicity 80ms. The total radio time for gaps is 72 and 36ms, respectively. As evident from Table 2, where Tinter1 is specified as 60 and 30ms respectively for 40 and 80ms periodicity, the specification allows a radio switching time of 0.5ms for switching between intra- and inter-frequency carriers, and vice versa.
Table 2: Gap Pattern Configurations supported by the UE (36.133 Table 8.1.2.1-1)
	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


It should be noted that in TS 36.133 until version 8.3.0 the allowed switching time of 0.5 ms was even explicitly indicated in section 8.1.2.1.1. But in the later version it was explicitly captured in the Table 8.1.2.1-1.

Abstract from TS 36.133 Version 8.3.0:
8.1.2.1.1 Monitoring of multiple layers using gaps

When monitoring of multiple inter-frequency E-UTRAN FDD and inter-RAT (UTRAN, GSM) using gaps is configured, the UE shall be capable of performing one measurement of the configured measurement type (RSRP, RSRQ, UTRAN, UTRAN FDD CPICH measurements, GSM carrier RSSI, etc.) of detected cells on all the layers 

The effective total number of frequencies being monitored is

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

where 

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

Nfreq,UTRA is the number of E-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 TGRP of 40 ms, MGSM is equal to 1 if cells on up to 32 GSM carriers are being measured. For a TGRP 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. [Editor’s note: If additional gap patterns with periodicities other than 40 ms or 80 ms are added, MGSM would need to be defined for them.]

Additionally, TInter1 is defined as the minimum time in milliseconds that is available for inter frequency and inter RAT measurements during the measurement period a 480ms period with an arbitrarily chosen timing. The minimum time per transmission gap is calculated by assuming 2*0.5 ms for implementation margin.
[Editor’s note: Requirements for measurements on inter-frequency E-UTRA TDD and other RATs (UTRAN TDD, cdma2000 and HRPD) when multiple layers are being monitored will need to be included into this section when the individual requirements for those RATs are defined in Section 8.1.2.]

[Editor’s note: A mandatory behaviour on how the UE utilizes monitoring gaps for the different layers will not be specified in 36.133.]
Observation 1: The specification allows 0.5ms for each radio switching from intra- to inter-frequency carrier, and vice versa. Hence in total 1 ms of each gap is reserved for radio switching and the net gap is 5ms.
1.2 Radio Switching Time in actual implementation
In practice the actual radio switching time may vary between different UE implementations. It is true that certain UE implementation is able to perform frequency switching faster than 0.5 ms in each direction. However this is true for any minimum requirements defined in TS 36.133. This however does not mean that the UE is not mandated to have better than what is allowed by the specification. The same argument holds for the switching time in that the UE is not mandated to perform better than the minimum requirements i.e. 0.5 ms in each direction. 
It is also important to realize that these minimum requirements exist since release 8 and any different interpretation or modification will have considerable impact on the UE implementation. 
2 Conclusions

We have provided an analysis of the radio switching time. The minimum allowed time according to the specification should be assumed for analyzing the UE behavior for transmission after the gap. The minimum allowed time is 0.5 ms in each direction. Some UE implementations may perform switching faster than the existing minimum requirement. But this does not imply that all UEs are mandated to perform radio switching over shorter than 0.5 ms.
3 References
[1] R4-140737, “UE Behaviour for Transmission due to Measurement Gaps”, Ericsson.
[2] R4-136910, “Way forward on UE behavior after gap”, Ericsson, Samsung, CATT, Huawei, HiSilicon 

[3] 3GPP TS 36.133
PAGE  
2

