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1 Introduction
RAN4 has sent a LS on RAN4 agreements on UE increased carrier monitoring [1] asking RAN2 to start studying the signalling required for indicating the carrier performance groups. Following is the essence of the LS:
	During RAN4#71bis, discussions took place on increased UE carrier monitoring. RAN4 reached some agreements including the following agreements, which RAN4 believes are relevant to the further work in RAN2 on increased UE carrier monitoring : 

· To reduce the necessary changes to signalling, the inter-RAT E-UTRA minimum monitoring requirement when camped on UTRA is to be revised from 9 to 8 in all RRC states. The E-UTRA inter-frequency minimum carrier monitoring requirement of 8 shall still be maintained. This is an update to the earlier information provided to RAN2 in R4-140401.
· The RRM requirements for increased UE carrier monitoring are to be divided into two performance groups, denoted as “normal performance group” and “low performance group”
· Different performance requirements are to be defined by RAN4 for the normal performance group carriers and low performance group carriers in both E-UTRA and UTRA.
· Signaling may be used to indicate which carriers are in normal performance group and which carriers are in the low performance group
· If any other signaling is necessary, RAN4 intends to inform RAN2 by the end of RAN4#71 meeting (May) at latest.


In this document, we discussed the signalling needed in UMTS to indicate which UTRA/E-UTRA carriers are in the normal performance group and which carriers are in the low performance group for Idle mode / URA_PCH/ CELL_PCH /CELL_FACH state and for CELL_DCH state. The signalling needed in LTE is discussed in [2].
Note that the above RAN4 agreements do not mention the presence of carrier monitoring performance groups for GERAN. 

2 Discussion
In this section, we discuss the existing signalling in UMTS to indicate the UTRA (inter-frequency), GERAN and E-UTRA (inter-RAT) carriers for measurements. We also discuss the enhancements needed to indicate whether the carrier is in the normal or the low performance group so that the UE can apply the relevant RRM requirements to the carrier.
2.1 Idle mode, URA_PCH, CELL_PCH and CELL_FACH state
In idle mode, URA_PCH, CELL_PCH and CELL_FACH state, the carriers for measurements are signalled in the system information.

· E-UTRA carriers: SIB19

· GERAN carriers: SIB11/ SIB11 bis, SIB18 and optionally SIB19 if absolute priorities are configured

· UTRA carriers: SIB11/ SIB11 bis, SIB18 and optionally SIB19 if absolute priorities are configured

The signalling is common to all UEs and the network is allowed to signal more carriers than the UE is required to monitor, allowing to control UEs with different band capabilities and UEs belonging to different PLMN.
The UE is not required to monitor more frequencies than defined by the minimum performance requirements. At this effect, rules have been defined to specify the UE behaviour when the number of carriers stored in the inter-frequency cell info list (UTRA) or inter-RAT cell info list (GERAN) in the variable CELL_INFO_LIST exceeds the minimum requirements.
Note that no similar rules have been specified for E--UTRA frequencies stored in the variable EUTRA_FREQUENCY_INFO_LIST. However, it is assumed that similar rules apply. 

When increasing the total number of carriers to monitor, it has been decided to split the measurements into two sets of performance (delay) requirements.  This split needs to be indicated to the UE and the following two options have been discussed in RAN4:

· Implicit indication based on the order of appearance, or 

· Explicit indication.
Implicit indication in the SIBs based on the order of appearance has the following drawbacks:

1. An indication is needed of how many carriers are in the normal performance group for both the UTRA carriers and the E-UTRA carriers. 
2. E-UTRAN bands with extended E-ARFCN will always been deprioritised as they are signalled in a separate (extension) list and stored at the end of the variable EUTRA_FREQUENCY_INFO_LIST

3. There can be only two performance groups without any scope for future enhancements.
Observation 1: An implicit indication of whether a carrier is in the normal performance group or the low performance group has several drawbacks

The Work Item does not increase the requirement on the number of carriers for GERAN, i.e. there is only one frequency layer for GERAN with a maximum of 32 BCCH carriers 

Observation 2: there is no need for performance group indication for GERAN, it can be fixed to “normal”.

Thus we have the following proposals:

Proposal 1: An explicit indication of the performance group of the carrier (e.g. normal performance group, low performance group) is signalled for each carrier in the “inter-frequency neighbouring cell list” and in the “E-UTRA frequency and priority info list”. 
Proposal 2: There is no indication of performance group for GERAN frequencies in the “inter-RAT neighbouring cell list”. GERAN frequencies are always treated as members of the normal performance group.

However, there is still the issue that more carriers than supported can be indicated, i.e. if RAN4 decides to set a side condition on the maximum number of ‘normal carrier’ or, in general, where a total number of 8 UMTS frequencies can be signalled. For this aspect, we propose that the legacy rules apply, i.e. UE is not required to measure the carriers that exceed the minimum requirements.
Proposal 3: If the number of relevant carriers in one group (i.e. UTRA carriers in the normal performance group, E-UTRA carriers in the normal performance group, or total number of UTRA carriers) is larger than the number defined by the minimum performances requirements, the UE further prioritises based on the order of appearance. 

Finally there is a possibility that, after prioritisation, the number of layers exceeds the maximum total number of layers, i.e.  5 UTRA carriers + 8 E-UTRA carriers + 1 GERAN layer. For this case, we propose that the UE ignores the GERAN layer as already specified today for measurements in CELL_FACH state.
Proposal 4: If after prioritisation the number of layers exceeds the maximum total number of 13 layers, UE is not required to measure GERAN.    
SIB 19 also includes a "priority" indication for E-UTRA and GERAN carriers and optionally for UTRA carriers, used in the cell reselection procedure. It is observed that the cell reselection priority and the carrier monitoring performance group mechanism do not interfere with each other. This is because the cell reselection priority is used for a relaxed monitoring of higher priority frequency layers when the serving cell strength is already higher than a threshold. If the serving cell strength is lower than the threshold, all frequency layers are measured, according to either the “normal” monitoring performance requirements or the “low” monitoring performance requirements. 

Observation 3: The cell reselection priority and the monitoring performance groups for UTRA and E-UTRA carriers are independent mechanisms, no enhancement or restriction is needed in configuring them together.

2.2 CELL_DCH state

In CELL_DCH state, the carriers for measurements are signalled in the MEASUREMENT CONTROL message:
· E-UTRA carriers: Inter-RAT measurement > E-UTRA frequency list  
· GERAN carriers: Inter-RAT measurement > Inter-RAT cell info list
· UTRA carriers: Inter-frequency measurement > Inter-frequency measurement objects list > Inter-frequency cell info list 
The signalling is specific to one UE and the network knows the UE measurement capabilities so there is no reason for the signalling to exceed the UE measurement capability.

When increasing the total number of carriers to monitor, it has been decided to split the measurements into two sets of performance (delay) requirements also in CELL_DCH state.  This split needs to be indicated to the UE and the same options as for non-DCH state can be considered:

· implicit indication based on the order of appearance, or 

· explicit indication.

Implicit indication based on the order of appearance has the following drawbacks:

1. An indication is needed of how many carriers are in the normal performance group for both the UTRA carriers and the E-UTRA carriers. 
2. The E-UTRA frequency list and the inter-frequency neighbouring cell list are common to all carriers for one technology. Relying on implicit signalling to indicate the carrier ‘performance group’ (e.g. based on order of appearance in the neighbouring cell list) will require the network to send again the full list when a carrier enters or leaves the coverage due to UE mobility. This will lead to unnecessary signalling overhead and reset the ongoing event evaluation.
3. The UTRA inter-frequency cell info list can be inherited from the broadcast signalling

4. There can be only two performance groups without any scope for future enhancements.
The Work Item does not increase the requirement on the number of carriers for GERAN, i.e. there is only one frequency layer for GERAN with a maximum of 32 BCCH carriers 

Thus we have the same proposals as for non-DCH states:

Proposal 5: An explicit indication of the performance group of the carrier (e.g. normal performance group, low performance group) is signalled for each carrier in the ”inter-frequency cell info list” and in the “E-UTRA frequency list” in the MEASUREMENT CONTROL message. 

Proposal 6: There is no indication of performance group for GERAN frequencies in the “inter-RAT cell info list”. GERAN frequencies are always treated as members of the normal performance group.

3 Conclusion

In this document we have discussed implicit versus explicit signalling in UTRA to indicate the ‘performance group’ for each carrier and we have the following proposals:
Broadcast signalling
Proposal 1: An explicit indication of the performance group of the carrier (e.g. normal performance group, low performance group) is signalled for each carrier in the “inter-frequency neighbouring cell list” and in the “E-UTRA frequency and priority info list”. 

Proposal 2: There is no indication of performance group for GERAN frequencies in the “inter-RAT neighbouring cell list”. GERAN frequencies are always treated as members of the normal performance group.

Proposal 3: If the number of relevant carriers in one group (i.e. UTRA carriers in the normal performance group, E-UTRA carriers in the normal performance group, or total number of UTRA carriers) is larger than the number defined by the minimum performances requirements, the UE further prioritises based on the order of appearance. 

Proposal 4: If after prioritisation the number of layers exceeds the maximum total number of 13 layers, UE is not required to measure GERAN.    

Dedicated signalling
Proposal 5: An explicit indication of the performance group of the carrier (e.g. normal performance group, low performance group) is signalled for each carrier in the ”inter-frequency cell info list” and in the “E-UTRA frequency list” in the MEASUREMENT CONTROL message. 

Proposal 6: There is no indication of performance group for GERAN frequencies in the “inter-RAT cell info list”. GERAN frequencies are always treated as members of the normal performance group.
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