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1. Introduction
This contribution contains a discussion and a proposed way forward for monitoring multiple Inter-Frequency and Inter-RAT layers during RRC_CONNECTED.
Note that this contribution is only addressing the measurement aspects in RRC_CONNECTED in the absence of any DRX. Operation within DRX is addresses within a separate contribution [1].

2. Summary for Current Status 
During last RAN4#45 the following points were recorded as a result of discussions within the RRM ad-hoc [1]:

· “Agreement: a single gap pattern to monitor all 3GPP systems is accepted

· Small gaps (6 ms) are less disruptive to eNB scheduler, can be used f monitoring LTE inter-frequency, GEAN and UTRAN 

· Longer gaps used for al systems if UE needs to monitor some systems requiring longer time periods (LTE TDD may require more than 6 ms). 

· Non-3GPP systems will be addressed when a WI exists

· Priority-based schemes for RRC_CONNECTED have been discussed but not yet agreed in RAN2

· Some progress can be made for simple cases

· LTE Inter-frequency, 1 frequency layer

· GSM monitoring

· UTRAN monitoring has NCL presence implications

· RAN2 will make some more progress in January”
During RAN2#60bis the following conclusions were reached [2]:

	Agreements:

1) UE will always be configured with measurement gap pattern when inter-freq/RAT measurement need to be performed by UE (i.e. interfreq/interRAT configured and serving cell quality below threshold);

2) Network decides if it wants to configure an active measurement gap pattern at the same time as configuring the measurement or not.(all RRC signalling)
a) If the network always activates the measurement gap pattern always, no further UE reporting is required for the measurement gap pattern activation/deactivation.

b) If the network does not always activate the measurement gap pattern, the network may use UE event reporting to activate/de-activate the measurement gap pattern


· In line with the Stage-2, Stage-3 should also capture that the network can configure a serving cell quality threshold only below which the UE has to do the measurement. So the UE only performs the measurement when it has a gap pattern and the serving cell quality is below the threshold. 
In order for RAN4 to finalise the definition of performance requirements for the relevant sections of TS 36.133 a decision on a number of issues is still required on the following: 

1. Parallel vs. Serial Monitoring: UE could be expected to monitor several technologies in parallel using a single monitoring gap pattern, or alternatively it could sufficient to monitor one RAT at any one time (i.e. sequential). If multiple layers are monitored at the same time, then suitable performance relaxations will need to be specified relative to the serial case.
2. Use of Priority-based Monitoring: Whether or not priority-based schemes also apply to RRC_CONNECTED. 

3. Discussion
The following considerations apply to inter-frequency and inter-RAT monitoring during RRC_CONNECTED:

· When a single receiver is present and monitoring gap patterns are being used, concurrent monitoring of N different layers can only be achieved if there are associated performance relaxations by approximately a factor of N relative to single-layer monitoring (e.g. maximum cell identification times are multiplied by a factor equal to N relative to single-layer monitoring). When N is high (e.g. N=3 for LTE inter-frequency, UMTS and GSM, and higher values might apply in the future) the associated performance degradation can be significant. The achievable performance in this situation does not differ significantly from the case whereby the network requests sequential monitoring of different layers as instructed by network measurement configuration messages, whereas the associated implementation and testing complexity is larger.

· During RRC_IDLE UE mobility decisions are performed by the UE on a standalone basis without any network intervention. One of the main advantages of priority-based monitoring during RRC_IDLE is its robustness in preventing ping-pong reselection between different layers. On the contrary, during RRC_CONNECTED all mobility decisions are performed by the eNodeB as a result of periodic or event-triggered measurement reports sent by the UE. Decisions in the eNodeB may include priorities, but also a number of other factors such as loading.
· There is some delay in setting up a measurement pattern and therefore pattern activation and deactivation should be minimised. The delay relates to the fact that both UE and eNodeB need to activate the pattern at exactly the same time and therefore the eNodeB must be sure that the UE has received correctly the associated RRC message. If the RRC message activating the pattern is lost a number of retransmissions may need to take place until that message is acknowledged by RLC. As a result pattern activation times cannot be scheduled to occur immediately and some ‘buffer time’ is needed to allow for possible retransmissions and message acknowledgement. Having said that, the delay to activate the pattern in E-UTRAN is not expected to be as significant is in UMTS as the RLC round trip time should be quicker.
· On the contrary, re-configuring the pattern monitoring purpose is not time-critical. If an RRC message requesting that the currently activated gap pattern is used to monitor a different frequency/RAT is lost and needs to be re-transmitted, this may in the worst case only result in some additional delay in the execution by the UE, but there will be no other negative effect on UE data Rx/Tx activity since the UE and eNodeB always remain in step with regards to the monitoring gap pattern position and hence there is no impact on data Tx/Rx scheduling.
· If no concurrent monitoring activity for different layers is performed only single-layer performance requirements need to be specified. These requirements can be tested very easily.

4. Proposed Way Forward
It is our view that the decisions to be made by RAN4 should favour the simpler options unless the more complex options provide a significant performance advantage. This applies not only to the eNodeB and UE behaviour specification, but also on how easily and reliably a UE can be tested to verify that it is compliant with the performance requirements. Given that we have not identified a significant performance advantage associated to parallel layer monitoring during RRC_CONNECTED we favour the simpler, sequential monitoring option.
The proposed way forward is summarised below:
1. Only a single gap pattern is activated at any one time.
2. An active monitoring gap pattern is associated to a single purpose (i.e. layer) at any one time (e.g. LTE inter-frequency, UTRAN, GERAN, 3GPP2 …). It is up to the eNodeB implementation to prioritise some layers against others and to decide how long each one layer is monitored. The actual definition of layer needs to be in line with 36.304 and 36.331, still TBD
3. The monitoring purpose for the pattern can be reconfigured on the fly as needed by the network. Monitoring purpose reconfiguration requires a very small amount of information and can be performed very quickly because there is no need for de-activating and re-activating a pattern.
4. Performance requirement verification is performed for the single-layer case only. A layer is understood to be one set of carrier frequencies belonging to the same type of RAT (e.g. E-UTRA inter-frequency, E-UTRA TDD, GSM, UTRA and other non-3GPP RATs)
5. Conclusion

If the proposal in the previous is considered acceptable within RAN4 then only a small number of minor additional changes will be required to TS 36.133 with respect to the single-layer monitoring cases that are currently being specified.
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