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1. Introduction
In RAN4#73 in San Francisco the topic of interrupts on PCell due to ProSe operations was discussed. Interrupts caused by ProSe configuration (ProSe Discovery and ProSe communication) and during ProSe Discovery were tentatively agreed and captured in [1]. In the meeting minutes it was then noted:

Chair: In the next meeting, welcome more analysis on the interruption frequency. If issues are discovered, RAN4 will revisit the requirements.
In this paper we take a closer look at the potential interrupts caused by the above listed ProSe procedures. Based on the analysis we propose that RAN4 needs to discuss and revisit the UE requirements related to interrupts during ProSe Direct Discovery in order to have more clear requirements on the interruption frequency and what the network can expect of interrupts.
2. Discussion on interrupts caused by ProSe
We will first discuss the interrupts on PCell caused by ProSe configurations and deconfigurations. Secondly we will look at the potential interrupts caused during the ProSe Discovery. 

1.1 ProSe Configuration interrupts
The agreement from RAN4#73 includes agreements for interruptions at ProSe Discovery configuration as well as ProSe Communication configuration. When considering interrupts it likely enough to consider interrupts caused during the ProSe discovery as the interrupts at ProSe configurations should not happen that often. For ProSe configurations, the currently proposed requirement considering interrupts is defined in a similar way as for CA addition and release i.e. allow 1 subframe interrupts at ProSe configuration. Our understanding is that the ProSe configuration would cover both configuration and deconfiguration.

Observation 1: Interrupts caused by ProSe configuration should not happen that often.
The configuration is a two step procedure: Network configures the UE with ProSe Direct Communication and/or ProSe Direct Discovery after which the UE upper layers decide when to take the configuration into use. Despite this UE control of when the configuration is taken into use (or not) a change of configuration should not happen too often and therefore the network impact from the related interruptions should not be big.
This means that it is basically up to UE implementation when ProSe Discovery monitoring is started and stopped and how often this occurs. Network will not know when an interrupt would happen.
The currently proposed interruptions requirements related to ProSe Direct Communication and ProSe Direct Discovery configuration already includes requirement related to both 1) interrupt length and 2) when the interrupt may happen (although not in time domain). How often the interrupts will happen is up to UE implementation. Therefore we see a need to revisit and update these requirements to include how often interrupts may happen due to configuration as this is UE implementation specific.

Proposal 1: Update the proposed interruption requirements related to ProSe configurations (sections 7.11.3.1 and 7.11.3.2 in [1]) to include how often interrupts due to ProSe configuration may occur.

1.2 Interrupts during ProSe Discovery
While the interruptions requirements related to ProSe Direct Communication and ProSe Direct Discovery configurations are clear concerning interruption length (1 subframe) and frequency (once per configuration), this is not the case when looking at the requirement related to interruptions during ProSe Direct Discovery. In this case the currently proposed requirement only cover interruption length but do not have any requirement related as to how often the interruption is allowed.

In order to get an overview of how often interrupts may happen during ProSe Direct Discovery we need to look at the ProSe Discovery procedures.

1.2.1 ProSe Discovery Procedure
Current procedure for ProSe Discovery is that UE reads SIB19 of serving cell and may inform the E-UTRAN of the UE’s interest to receive ProSe Direct Discovery. This indication may include also other frequencies than serving. In addition the UE may indicate whether the UE is configured (by upper layers of the UE) to receive and/or transmit receive Prose Direct Discovery announcements. Furthermore the UE may indicate the number of resources for Prose Direct Discovery announcement (i.e. Tx transmission) for which it requests E-UTRAN to assign dedicated resources. Network may also configure the UE with appropriate for ProSe configuration on the serving carrier.

Current UE requirements concerning ProSe Discovery in 36.331 states [2]:
‘A UE capable of Prose Direct Discovery that is configured by upper layers to monitor ProSe Direct Discovery announcements shall:

1>
receive Prose Direct Discovery announcements without affecting normal operation i.e. receive during idle periods or by using a spare receiver;

NOTE 1:
The requirement not to affect normal UE operation also applies for the acquisition of system information from the Prose carrier.

1> For each frequency the UE is configured to monitor Prose Direct Discovery announcements on, prioritising the frequencies included in discInterFreqList, if included in SystemInformationBlockType19: 

2>
monitor Prose Direct Discovery announcements using the pool of resources indicated by discRxPool in SystemInformationBlockType19, as specified in TS 36.321 [6];

NOTE 2:
It is up to UE implementation to decide whether a cell is sufficiently good to be used to monitor Direct Discovery announcements.’

Based on the above and RAN2 decisions it is our understanding that the UE may monitor ProSe Direct Discovery on carriers included in SIB19 and also on carriers not included in SIB19. Our understanding is also that the UE shall then monitor each frequency it is configured by upper layers to monitor, which may be same or different than the frequencies included in SIB19.
Observation 2: UE may also monitor Prose Direct Discovery announcements on frequencies not included in SIB19.
1.2.2 ProSe Discovery interruption frequency
From [2] and this observation it seems clear that it is not possible to know the exact frequencies or number of frequencies on which the UE will potentially monitor ProSe Direct Discovery announcements. Looking at the current proposed interruption requirement in [1]:

‘This requirement is applicable only for UE participating in ProSe Direct Discovery on E-UTRA FDD bands. The UE is allowed an interruption of up to 1 subframe in the subframe before and after a UL subframe configured as ProSe Direct Discovery by the eNodeB. This interruption is for both uplink and downlink of PCell.’

As the number of frequencies (or bands) may be large or small we may in worst case face a situation where ProSe Discovery causes very frequent interruptions.

Observation 3: As the number of frequencies on which ProSe Discovery may be monitored there can be rather frequent interruptions on PCell due to ProSe Discovery.
Additionally it should be noted that the [2] states that the UE shall receive Prose Direct Discovery announcements without affecting normal operation.

Observation 4: UE shall receive Prose Direct Discovery announcements without affecting normal operation.
In RAN4 we have on the other hand been discussing interrupts for ProSe discovery – which seems to be contradictive to RAN2 agreement in [2]. But it should also be recognised that a UE with more than 1 receiver chain should be able to use such receiver for ProSe Direct Discovery, while at the same time allowing reasonable UE power consumption impact - even if use of such 2nd receiver chain for ProSe would cause interrupts in a similar manner as known from e.g. CA and DC. Therefore RAN4 has been discussing interrupts although allowing such interrupts is against RAN2 decision. We therefore propose to inform RAN2 about the introduction of potential interrupts such that interrupts can be included in the description in the RAN2 specification if this is needed.

Proposal 2: Inform RAN2 about the introduction of potential interrupt in connection with ProSe operations.
1.3 ProSe Discovery Interrupts Requirements Discussion
The following is captured in [3]:

“The UE can monitor discovery resources in the same as well as other frequencies than the serving cell, in same or different PLMNs”.

Based on above discussion and the decisions in RAN2 it is our understanding that the UE may monitor ProSe discovery own serving carrier, inter-frequency carriers from serving PLMN and also from carriers of other PLMN than serving PLMN. Additionally the actual ProSe Direct Discovery monitoring is configured by upper layers of the UE.
This leads to ambiguity about which carriers are actually monitored for ProSe Direct Discovery by the UE which in our view means that the Network cannot know which carriers the UE monitors for ProSe discovery and how often. This means that the current proposal on interrupts in section 7.11.3.3 in [1] concerning interruptions during ProSe Discovery does not enable the network to know how the ProSe Direct Discovery will impact in terms of potential interrupts:
‘This requirement is applicable only for UE participating in ProSe Direct Discovery on E-UTRA FDD bands. The UE is allowed an interruption of up to 1 subframe in the subframe before and after a UL subframe configured as ProSe Direct Discovery by the eNodeB. This interruption is for both uplink and downlink of PCell. The interruption for the ProSe UE may occur:

· while switching reception between ProSe DirectDiscovery and the PCell, or

· while receiving ProSe Direct discovery signals, or

· while switching a receiver chain ON/OFF for ProSe Direct Discovery if the UE has a dedicated receiver chain for discovery.’
Above requirement only states the length of a potential interrupt and when it may happen, but does not state how often an interrupt may happen (frequency of interrupts) and therefore the full impact from the interrupts due to ProSe Discovery will not be known by the network.
Observation 5: Proposed text concerning interrupts during ProSe Discovery does not allow network to know actual impact from ProSe Discovery interrupts.

Not having the visibility on the network side to the actual impact in terms of potential interrupts due to ProSe Discovery can have negative impact on the system. The network lack of visibility to the system level impact may limit the use of the ProSe Discovery in the field e.g. in case some UEs causes problems.

In order not to end up in a situation where there will be unfavourable system impact e.g. in terms of waste of resources due to the ProSe Discovery feature, we propose that RAN4 discuss the UE requirements related to interrupts during ProSe Direct Discovery in order to have more clear UE requirements. This will help the network understanding the impact e.g. in term of how frequent the interrupt may happen and the system level impact can be estimated and taken into account.

Proposal 3: RAN4 to discuss and define the UE requirements related to interrupts during ProSe Direct Discovery in order to have more clear UE requirements and clear visibility on network side related to interrupts.
Aim is to discuss a reasonable solution which can satisfies both the UE need for interrupts in connection with monitoring ProSe Direct Discovery while also allowing for the network to have visibility to the impact.
3. Conclusions

In this paper we have taken a look at the potential interrupts caused by the ProSe procedures. We observe that the UE may monitor Prose Direct Discovery announcements on frequencies not included in SIB19 and also from other PLMNs than serving PLMN. We see that as the number of frequencies on which ProSe Discovery may be monitored there can be rather frequent interruptions on PCell due to ProSe Discovery. Additionally it is observed that the UE shall receive Prose Direct Discovery announcements without affecting normal operation.
In RAN4 we have been discussing interrupts due to ProSe procedures and also have proposed requirements for such interrupts, although allowing such interrupts is against RAN2 decision. We therefore propose:

Proposal 2: Inform RAN2 about the introduction of potential interrupt in connection with ProSe operations.
Based on the analysis we propose that RAN4 revisit and discuss the UE requirements related to interrupts during ProSe Direct Discovery in order to have more clear UE requirements also related to network impact. Specifically we propose:
Proposal 1: Update the proposed interruption requirements related to ProSe configurations (sections 7.11.3.1 and 7.11.3.2 in [1]) to include how often interrupts due to ProSe configuration may occur.

Proposal 3: RAN4 to discuss and define the UE requirements related to interrupts during ProSe Direct Discovery in order to have more clear UE requirements and clear visibility on network side related to interrupts.
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