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1 Introduction
In RAN2#85bis, two remaining issues with the implementation of dual connectivity related to measurement events and measurement gap configurations had been discussed. We would like to address these issues in this contribution.
2 Measurement events in dual connectivity
For RAN2#85bis the potential need for modified or new measurement events in dual connectivity, i.e. events related to the PSCell, have been discussed by various companies [1]

 REF _Ref386110162 \r \h 
[2]

 REF _Ref386110187 \r \h 
[3]

 REF _Ref386110188 \r \h 
[4]. 

For intra-LTE usage, eight different measurement events are defined: 

· Event A1 (Serving becomes better than threshold)

· Event A2 (Serving becomes worse than threshold)

· Event A3 (Neighbour becomes offset better than PCell)

· Event A4 (Neighbour becomes better than threshold)

· Event A5 (PCell becomes worse than threshold1 and neighbour becomes better than threshold2)

· Event A6 (Neighbour becomes offset better than SCell)

The common understanding is that measurement events A1, A2, A4, A6 can be reused without modification. Events A1, A2 are configured per MeasObject associated with a given serving cell, which can be PCell, SCell or also PSCell. Event A4 does not specify any serving cell. A6 is also configured per MeasObject, and refers to the SCell associated with the MeasObject, which may also be the MeasObject of the PSCell. Hence, intra-frequency comparisons of PSCell and neighbor cells on the same frequency can be carried out with the existing A6 measurement event.
Observation 1 Measurement events A1, A2, A4, A6 can be reused in dual connectivity for comparisons with PSCell.
Observation 2 Event A6 allows intra-frequency comparisons of PSCell and neighbour cells.
The issue is that the events A3 and A5 are explicitly related to a comparison with the PCell as reference cell. This way, it is also possible to carry out comparisons with neighbour cells related to a different MeasObject (frequency) than the PCell. 

· In case the MeasObject of A3 or A5 is the same as the MeasObject associated with the PCell comparisons of PCell and neighbor cells on the same frequency are evaluated. As stated above such intra-frequency comparisons for the PSCell can be evaluated by the A6 event. 

· In the case the MeasObject of A3 and A5 is different than the MeasObject associated with the PCell, comparisons of PCell and neighbor cells on a different frequency are evaluated. These inter-frequency comparisons are not possible with the existing events for the PSCell.
Observation 3 With the existing measurement events, inter-frequency comparisons of PSCell and neighbour cells are not possible.
Allowing inter-frequency comparisons of PSCell and neighbor cells is important in a scenario with multiple carriers. In such a scenario these events would help to choose the best cell among the cells on the different carriers than the PSCell. 
As pointed out in [1], there are two obvious alternatives to allow these kinds of inter-frequency comparisons for the PScell: 
1. Defining new events for PScell, i.e. A7 “Neighbour becomes offset better than PScell” and A8 “PScell becomes worse than threshold 1 and neighhour becomes better than threshold2”, in alignment with A3 and A5, but using the PSCell as a reference cell. 

2. Modifying the existing measurement events A3 and A5 to consider the PSCell as the reference cell instead of the PCell. 

Option 1 has the advantage that there is no need to modify existing event definitions in the specifications, but has the disadvantage of introducing some duplication, since e.g. definitions of A3 and new A7 would largely overlap. Furthermore, it could be argued as in [2] that inter-frequency comparisons for the PSCell can also be achieved by reusing two existing events, A2 and A4, but this has the disadvantage of introducing a higher signaling overhead, since it would be based on multiple independent measurement reports. Another argumentation, as in [3], which also suggests that no additional events are required, since PSCell change can be regarded in a two-step procedure, i.e. leaving the PCell with existing events, and establishing the PSCell with another existing event. So we list also as a third alternative: 
3. No modification or introduction of new events needed. 

We believe, however, that inter-frequency comparisons to determine the best PSCell are indeed needed, so that we minimize the necessary signaling overhead. We prefer the solution to modify the existing A3 and A5 events, since this is possible by simple inclusion of a flag value indicating that the events (reportConfig) are applicable for the PSCell instead of the PCell. In [6] we provide a CR to enable this functionality. 
Proposal 1 Agree to CR [6] to introduce the functionality to compare PSCell with inter-frequency neighbor cells by modification of existing events A3 and A5 to also permit the PSCell as the reference cell for the evaluation.
3 Max number of measurement IDs in dual connectivity

Another open issue related to measurement events and dual connectivity is the maximum number of measurement IDs (also of objects and report configurations). In the RRC specifications, these are all set to 32 at the moment. We note that this number is administrative, i.e. not related to the actual capability of the UE to carry out this number of measurements and evaluations. 

It appears to be logical that by introducing further event possibilities as needed in dual connectivity (e.g. to select the PSCell among SCells) also the maximum number of measurement IDs may need to be increased, i.e. beyond the current limitation of 32. It needs to be further discussed how an increased number measurement IDs can be distributed among more measurement objects and report configurations, for which an increase in their maximum number may also be considered.
Proposal 2 Consider increasing maximum number of measurement IDs beyond 32.
Obviously, dual connectivity capable UEs should also be capable of measuring and evaluating more events, i.e. their Ecat value, as defined in TS 36.133, may need to be increased. This discussion can be addressed by RAN4.

Proposal 3 RAN4 to consider increasing the Ecat of the UE to evaluate more reporting criteria in parallel as required in dual connectivity.
4 Measurement gaps in dual connectivity

Today measurement gaps are configured per 40/80 ms and have duration 6 ms. In Rel-10 CA, the measurement gaps are UE specific, i.e. they span over all serving cells (PCell, SCells) simultaneously.  

For inter-band CA and intra-band non-contiguous CA, the UE is assumed to have two receivers. During Rel-11 it was discussed that with this the UE architecture does not necessarily need gaps for all carriers. The need for gaps depends on the harmonic relation between measured frequency and frequencies on which the UE is currently receiving and/or transmitting. In dual connectivity, two transmitters and receivers are always assumed. So here an improvement could also be relevant.

Currently, UEs indicate the need for gaps per band combination. However, how to use receiver chains for the measurements is up to UE implementation. So from the existing capability signalling it cannot be derived whether the UE needs gaps for each band.

In Dual Connectivity, we have the following alternatives for measurement gaps:

1. Measurement gaps are per UE

2. Measurement gaps are only in the MeNB 

3. Measurement gaps are per eNB per UE

4. Measurement gaps are band specific

4.1 Measurement gaps per UE

This solution reuses UE capability signaling of today. E.g. the MeNB decides gap configuration for MeNB. Based on timing offset, the SeNB/MeNB configures measurement gaps for SeNB. The offset is not necessarily the same as for MeNB.

Pros and the cons of the solution are:

· Pros: No new capability signaling needed.

· Pros: Impact on RAN4 assumed to be limited.

· Cons: As MeNB and SeNB are not always synchronized, it is hard to guarantee that gaps are completely overlapping in time -> potentially new RAN4 requirements needed anyhow.

· Cons: Coordination needed for configuration of measurement gaps. 
· Cons: Reduction in peak rate.
4.2 Measurement gaps only in MeNB

This solution is proposed by [5]. Here it is assumed that the UE uses the RF chain of the MeNB to perform measurements while refraining from performing gaps on the RF chain for the SeNB. It is questionable if this solution can be done without new capability signalling as for certain band combination, there are still harmonics making it impossible to perform measurements without simultaneous gaps.
4.3 Measurement gaps per eNB per UE

In the case of eNB specific gaps, new capability signaling is needed so that the eNB(s) know where to configure gaps. E.g. the MeNB decides the gap configuration for the MeNB. Then the SeNB derives from the current RRC Configuration and UE capabilities if any additional gaps are needed for SeNB cells.

Pros and the cons of the solution are:
· Pros: Similar to the DRX mechanism in Dual Connectivity which is also configured per eNB.

· Pros: As MeNB and SeNB are not always synchronized, it is easier to manage gaps as there is no need to have them exactly overlapping. But if the UE does not support non-simultaneous gaps, synchronized gaps are needed anyway

· Pros: Fits nicely to independent MAC entities for each eNB.

· Pros: Some peak rate improvements.

· Cons: New capability signalling needed.

· Cons: Still potentially needs coordination (it may be so that UE specific gaps are needed anyway).
4.4 Band/carrier specific measurement gaps

For carrier/band specific gaps, new capability signaling is needed so that the eNB(s) know where to configure gaps. E.g. the MeNB decides gap the configuration for MeNB SCells. Then SeNB derives from the current RRC Configuration and UE capabilities if any additional gaps are needed for SeNB cells.

Pros and the cons of the solution are :

· Pros: As MeNB and SeNB are not always synchronized, it is easier to manage gaps as there is no need to have them exactly overlapping. But if the UE does not support this solution for some band combinations, then simultaneous gaps are needed anyway.

· Pros: Improved peak rate.

· Cons: More specification impact in RAN2 and RAN4

· Cons: New capability signalling needed.

· Cons: Still potentially needs coordination (it may be so that UE specific gaps are needed anyway).

· Cons: Some impacts on MAC to realize this.

4.5 Summary on measurement gaps

In this section, we have discussed measurement gaps for dual connectivity. For those we propose:

Proposal 4 Introduce UE specific measurement gaps over different eNBs (corresponding to CA)

Proposal 5 Inform RAN4 about the selected solution REF _Ref383200368 \h 

5 Conclusion

Based on the discussion in the previous sections we list the following proposals: 
Proposal 1
Agree to CR [6] to introduce the functionality to compare PSCell with inter-frequency neighbor cells by modification of existing events A3 and A5 to also permit the PSCell as the reference cell for the evaluation.
Proposal 2
Consider increasing maximum number of measurement IDs beyond 32.
Proposal 3
RAN4 to consider increasing the Ecat of the UE to evaluate more reporting criteria in parallel as required in dual connectivity.
Proposal 4
Introduce UE specific measurement gaps over different eNBs (corresponding to CA)
Proposal 5
Inform RAN4 about the selected solution
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