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1 Introduction
In earlier RAN4 meetings, the topic of interruptions on PCell has been discussed in a number of contributions [2 – 9] and earlier in Rel-10 time frame in [1]. In last meetings we have also discussed the impact of CA single chip implementation performing inter-frequency measurements e.g. used for normal mobility [11]. This paper looks at inter-frequency measurements when such UE is configured with normal inter-frequency measurements when not configured with CA - and the Pcell interruptions created the UE in this case. In [14] we discuss the similar topic related to Pcell interruption for deactivated Scell measurement. 
From the discussions, we conclude that a UE using an integrated chip solution will create Pcell interruptions when performing inter-f/RAT measurements. Therefore, such UE should not indicate that it is capable of performing inter-frequency measurements without gaps. We also provide an updated CR [13] based on CR from last meetings [12] for introducing this requirement.
2 Discussion
Earlier there has been discussions in RAN4 addressing the issue of a cost optimized integrated chip implementation for support of carrier aggregation. Obviously, there will be situations where a UE using such implementation will be configured to operate in a non-CA manner. This means that the UE in this case is not configured with an Scell and will need to perform normal inter-frequency measurements and according to existing requirements.

A UE using integrated chip implementation - e.g. for support of carrier aggregation - and performing inter-frequency measurement may create interruptions on the active receiver chain when performing the measurements. 

Current requirements for performing inter-frequency measurements when using gap-assisted measurements are defined and depends on the gap pattern used  as  well as it is defined that data transmission is suspended during the gap (i.e. no data loss). For a UE not in need for gap-assisted measurements, the requirements are defined as being according to using gap pattern #0 and the UE shall follow the requirements for Gap Pattern Id #0. Understanding is that a UE indicating that it does not need gap-assisted measurements can perform inter-frequency measurement without packet drop or interrupts in ongoing data transmission – e.g. by use of second receiver.
In order to enable the UE power savings opportunity there would therefore need to be room for the UE to switch on and off the second receiver as minimum according to the existing minimum requirements – i.e. measuring only every 40ms. Especially for the cases where the UE is configured to perform inter-frequency measurements on multiple carrier frequencies the UE would most likely need to fully utilize all possible measurement occasions.

2.1 Inter-frequency measurement options

Following we will be looking at the situation where the UE (with integrated chip implementation) is configured to perform inter-frequency measurement. In practice, the UE can perform the inter-frequency measurements using one of the following methods:
1) Using its active receiver chain;

2) Using its inactive receiver chain.

In the first case, the UE will need to retune its active receiver in the same manner as for a single RX UE using gap-assisted measurments – thereby causing interruption to ongoing reception. This would effectively cause the same situation as for a non-CA (or single receiver) UE when UE would perform inter-frequency measurements using measurement gaps. Already now, the need for gap-assisted measurements per frequency band is indicated to the network, which configures and activates a suitable gap patterns when necessary.

In the second case, the activation of the second receiver will cause interruption in the reception and transmission on the already active receiver chain. Interruptions would in this case happen as frequently as needed in order for the UE to fulfill the inter-frequency cell detection and measurement performance and accuracy requirements set for a UE not requiring gaps for performing inter-frequency measurements.
From the discussion, we observe that there are two options concerning performing inter-frequency measurements for a UE using a single chip implementation:

1. Allow UE autonomous interruptions (i.e. UE is allowed to interrupt at any time)
2. Not allowing UE autonomous interruptions
The difference between the two approaches is that not allowing UE autonomous interruptions would lead to no packet loss if measurement gaps are used, since gaps are network controlled and network knows when they occur. Since UE autonomous interruptions are not network-controlled, they would likely cause packet loss because the timing of the UE autonomous interruptions would be unknown to the network scheduler. Thus, this will lead to non-optimized usage of resources and wasted scheduling opportunities - and will lead to loss of packages.
The amount of packet loss will depend on the duration of the interrupt as well as the scheduling. Currently a UE capable of identifying and measuring inter-frequency and/or inter-RAT cells without gaps shall follow measurement requirements as if Gap Pattern Id #0 had been used. To ensure best UE power savings the 2nd receiver should then only be active when performing the measurements. However, this could, in the worst case, lead to interruptions every 40ms. As for interruptions there would for each measurement be at least 2 subframe interruption in DL reception and 4 subframe interruption in UL.This is illustrated in the figure 1 where green indicates subframes dropped due to UE autonomous interrupts (UL not shown).
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Figure 1. Diagram of interruptions to DL reception and UL transmission due to retuning
In addition to the packet loss there would also be an impact from forced re-transmissions of the lost packets. Using the above estimations (2 subframes for DL and 4 subframes for UL lost out of 40 subframes), we can estimate that for interruptions, the upper bound for DL packet loss as 5% and UL packet loss as 10%, which is large consideringthe baseline of gap-assisted measurements where there is no packet loss. However, the measurement gap is also causing scheduling flexibility loss for the UE of 6/40 = 15% for DL and 7/40 = 17.5% for UL. However, the scheduler knows when these occur and can usually work around them, hence only the UE (theoretical) peak data rate is affected and only when there is 1 or very few users in the cell.
Observation 1: Having packet loss rates of 5% in DL and 10% in UL due to retuning does not seem reasonable in practical deployments.

Based on the discussion and the considerations in this paper we propose that it is clarified that UE which cannot perform inter-frequency or inter-RAT measurements without causing interruptions (as discussed in this paper e.g. for a CA capable UE with single chip solution) shall not indicate that it is capable of performing inter-frequency/RAT measurements without gaps. Such UE would need to indicate need for gap-assisted measurements in a similar way as e.g. a single receiver UE, i.e. indicate in the RRC signaling the need for gaps.
Proposal 1: A UE that cannot perform inter-frequency/RAT measurements without introducing interruption for its active receiver chain shall indicate need for gap-assisted measurements to the network.

This can be done according to existing procedure for UE indicating to network that it needs gap-assisted measurements.  In [13] we have provided a CR capturing this proposal for Rel.10.
3 Conclusions 
In this paper we discuss the topic of inter-frequency and inter-RAT measurement performed by a UE implemented using an integrated chip solution as discussed [9]. The paper analyses the packet loss impact on active receiver chain caused by performing inter-frequency/RAT measurements without gaps but instead by allowing interrupts. Our analysis shows a packet loss rate of 5% in DL and 10% in UL compared to no packet loss when using gap-assisted measurements. In the paper we conclude that if a UE cannot perform inter-frequency/RAT measurements without interruptions on active receiver shall indicate need for measurement gaps. 
Observation 1: Having packet loss rates of 5% in DL and 10% in UL due to retuning does not seem reasonable in practical deployments.

Proposal 1: A UE that cannot perform inter-frequency/RAT measurements without introducing interruption for its active receiver chain shall indicate need for gap-assisted measurements to the network.
In [13] we provide a CR capturing the proposal.
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