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1 Introduction

It can be observed that so-called Dual-SIM Dual-Standby (DSDS) terminals start entering the market. These terminals allow being registered in two networks simultaneously but they use just a single radio front-end and base band chain. 
It is assumed that the UE will be RRC Connected to only one network at a time. The UE may however attempt to at least receive paging from the other network, too. In order to do this with a single RF, UEs have to create gaps on the active connection in order to listen to paging of the other connection. When the UE receives a page on the second system it may (depending on implementation and configuration) drop the (data) connection on the first system. It can be expected that the UE does not attempt to cleanly release the first connection since there is no time due to the need to do SIB reading on the second system.
Therefore, it may be expected that such UEs are not fully standard compliant since they may interrupt reception on one system in order to detect paging or perform other actions on the other system. Obviously, such UE behaviour may cause decreased performance and reduced system capacity. We therefore suggest discussing this issue and to decide whether this topic requires further work in 3GPP. 
2 Discussion

2.1 Expected behavior of DSDS UEs

In this section we briefly assess the expected behavior of DSDS UEs in terms of interruptions (gaps) or termination of an ongoing RRC connection.
Relatively short gaps of about 20ms may be sufficient for reading paging or performing measurements in the second system. From the primary systems perspective this could be like experiencing shadowing. However, it occurs once per paging cycle and it may have an impact on power control and link adaptation algorithms running in the network. Therefore, such UE behavior will most likely lead to resource wastage and therefore result in worse system capacity. 

When the UE changes from one cell to another it has to read system information on the second system. This will cause a long gap of about one second in the first (active) system and will therefore be considered as an error case in the primary network. 

A tracking/routing area update (TAU/RAU) on the secondary system would potentially take several seconds and would therefore have even more significant impact on the primary system. It is expected that a UE may postpone the TAU/RAU until the RRC Connection on the primary system has been released but this may result in that the UE is not reachable for the secondary system for some time. 

When the UE is being paged on the secondary system it will leave the first system no matter what state it was in. In LTE the UE is not allowed to just drop an RRC connection, i.e., RRC connection handling is controlled by the eNB. The same applies to UTRAN but in UTRAN there exists the Signaling Connection Release (Fast Dormancy) procedure. However, we assume that this procedure would introduce an unacceptable delay for the connection setup on the secondary system. It is therefore more likely that the UE will autonomously drop the primary RRC connection. 
2.2 Expected impact on the network

In connected state (e.g. CELL_DCH) the UE may interrupt data reception and transmission during well specified occasions.  For example the UE is not expected to receive data during the network configured compressed mode gaps. Similarly, during the UE autonomous gaps created for reading the target cell’s SI, the UE may interrupt data reception and transmission. The UE is allowed to create these autonomous gaps for SI reading only upon explicit request from the serving cell. However, a UE introducing gaps autonomously for cases other than those listed here is violating the specifications. 

It is of course difficult to predict what impact DSDS UEs will have on the network if their exact behavior is not known. While the network may interpret shorter gaps (tens of ms) as radio problem, longer gaps will certainly be classified as error case. Consequences may range from misbehaving control algorithms (link adaptation, power control, …) to radio link failure and corresponding recovery mechanisms. It should be noted that the impact is not necessarily limited to the DSDS UE itself. Also other UEs in the same cell may suffer from decreased performance (due to more resources being wasted for DSDS UEs). But there are not only performance issues. The DSDS behavior is also likely to mess up statistics and algorithms using them such as SON. Here one should note that the network is not aware that a UE implements and uses DSDS functionality and consequently the network cannot even attempt to account for them. 

As long as conformance testing and IODT is not performed with DSDS functionality being enabled, the impact will only be discovered in live networks where such effects are obviously difficult to handle.  
2.3 Possible Way Forward

We think it is important to discuss among UE vendors, network vendors and operators how DSDS UEs and similarly behaving terminals should be treated and whether there is a need to introduce new functionality or at least new performance requirements and test cases in 3GPP. Without any action taken we see a risk that system performance and capacity may be hit soon or at least once a significant fraction of terminals implement such or similar behavior. 

Proposal 1 Discuss the potential impact of Dual-SIM Dual-Standby UEs on the RAN.
One way to protect networks and the operator running them from such problems would be to extend RAN5 test cases so that DSDS functionality, if offered by a UE, needs to be enabled during conformance testing. Of course, the test cases should also cover paging, SIB reading and TAU on the secondary system. In other words, the UE would have to pass all tests even if both SIMs are activated and at least for all types of network initiated traffic. The same requirements should of course apply to any type inter-operability testing. With such test cases UEs which are not listening to the serving (active) system as they are supposed to, are identified and can be declassified. 

Such test cases would solve the problem from a network perspective as DSDS UEs would still have to behave as any other UE with respect to monitoring and responding to the network. However, such clarified test requirements could result in that DSDS UEs cannot be built – at least not with a single radio front-end. 
3GPP could discuss relaxed radio performance requirements and corresponding test cases for UEs operating in two networks simultaneously. This may allow building DSDS-like UEs with a single RF/baseband but avoid implementations that hurt network stability and capacity in an unacceptable way. The obvious problem with this approach would be that these relaxed requirements and test cases would potentially contradict the current RAN2 specifications which require listening in all TTIs and existing test cases for regular UEs. 
Particular attention should be paid to the case where a UE does not only leave the primary network for a short period in order to read the secondary network’s paging channel but where it actually stays in the secondary system to perform e.g. a voice call. Such effects can hardly be covered by relaxed performance requirements. And it is questionable whether it is acceptable to treat them in the network as regular radio link failure (due to loss of coverage). 

Proposal 2 Agree that Dual-SIM Dual-Standby UEs should not harm the network performance, stability or capacity. 

Proposal 3 Discuss the feasibility and mechanisms to identify Dual-SIM Dual-Standby UEs that could harm the network performance, stability or capacity.

Alternatively or in addition to relaxed radio performance requirements, a UE could be enabled to inform the network about its DSDS capabilities so that the network could provide sufficient opportunities for the UE to perform measurements and to read paging on the secondary system. Such indications might also help to correct statistics on the network side. Since this approach would require quite far-reaching changes and additions to specifications and products it should be considered with care. 

It should be noted that to date, we observe DSDS UEs only for UTRAN and GERAN but we expect such devices to become available also for LTE at some point in time. 
3 Conclusion

Based on the discussion in section 2 we propose the following:

Proposal 1
Discuss the potential impact of Dual-SIM Dual-Standby UEs on the RAN.
Proposal 2
Agree that Dual-SIM Dual-Standby UEs should not harm the network performance, stability or capacity.
Proposal 3
Discuss the feasibility and mechanisms to identify Dual-SIM Dual-Standby UEs that could harm the network performance, stability or capacity.
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