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1 Introduction
In RAN4 #70bis, it was agreed to send an LS to RAN2 [1] on RAN4 agreements regarding increased UE carrier monitoring and also asking RAN2 to start studying the signalling required for indicating the carrier performance groups. Following is the essence of the LS:
	During RAN4#70bis, 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 discuss the signalling necessary in LTE to indicate which UTRA/E-UTRA carriers are in the normal performance group and which carriers are in the low performance group for RRC_IDLE as well as RRC_CONNECTED. In [2], the signaling in UTRA required to indicate the same information to a UTRA UE is discussed.
The above RAN4 agreements do not explicitly mention the presence of carrier monitoring performance groups for GERAN/CDMA2000 in an EUTRA UE. If only EUTRA and UTRA carriers can be classified under normal or low performance groups, the monitoring performance of GERAN/CDMA2000 will be impacted especially for UEs which do not support VoLTE and would need to switch to these RATs in case of voice calls. Therefore, this document also addresses the GERAN/CDMA2000 monitoring performance. 
2 Discussion
In this section, we discuss the signaling present in LTE for indication of UTRA (inter-RAT), GERAN (inter-RAT), CDMA2000 and E-UTRA (inter-frequency LTE) carriers to the UE in RRC-IDLE and RRC-CONNECTED. We also discuss the enhancements that would be needed to additionally indicate whether the carrier is in the normal or the low performance group so that the UE can accordingly apply the RRM requirements to the carrier.
2.1 RRC_IDLE
In RRC_IDLE, System Information Blocks are used to broadcast the information regarding relevant E-UTRA, UTRA,GERAN and CDMA2000 carriers to an LTE UE which it should monitor. The following SIBs are relevant:
· SIB5: SystemInformationBlockType5 contains information relevant only for inter-frequency cell re-selection i.e. information about other E‑UTRA frequencies and inter-frequency neighbouring cells relevant for cell re-selection. The IE includes cell re-selection parameters common for a frequency as well as cell specific re-selection parameters.
· SIB6: SystemInformationBlockType6 contains information relevant only for inter-RAT cell re-selection i.e. information about UTRA frequencies and UTRA neighbouring cells relevant for cell re-selection. The IE includes cell re-selection parameters common for a frequency.
· SIB7: SystemInformationBlockType7 contains information relevant only for inter-RAT cell re-selection i.e. information about GERAN frequencies relevant for cell re-selection. The IE includes cell re-selection parameters for each frequency.
· SIB8: SystemInformationBlockType8 contains information relevant only for inter-RAT cell re-selection i.e. information about CDMA2000 frequencies and CDMA2000 neighbouring cells relevant for cell re-selection. The IE includes cell re-selection parameters common for a frequency as well as cell specific re-selection parameters.
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.
When the number of frequencies indicated is more than that defined by the minimum performance requirements, the UE need not monitor all the frequencies and can select the number of frequencies to be monitored as defined by the minimum performance requirements. The selection criterion is left to the UE implementation.
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 for which, the following two options have been discussed in RAN4:

· Implicit indication based on the order of appearance ; OR
· Explicit indication of whether a frequency is in the normal or low performance group 
Implicit indication in SIBs based on the order of appearance has the following drawbacks:
1. Since, there are different lists for E-UTRA, UTRA, GERAN and CDMA2000 carriers, a rule to prioritize either the E-UTRA list over UTRA list or the UTRA list over E-UTRA list in terms of monitoring performance will need to be defined. It will be difficult to have normal and low performance groups with both EUTRA and UTRA frequencies.
2. An indication is required of first how many carriers are in the normal performance group. This would require an additional field or a fixed constant which will limit the network’s flexibility to control the carriers present in either of the groups.

3. Inclusion of any new frequency in any of the performance groups requires the network to reorder and recompute both the lists.
Observation 1: An implicit indication of whether a carrier is in the normal performance group or the low performance group has several drawbacks

However, there is no concept of offload and coverage frequencies in GERAN. Therefore, there should be no concept of normal and low monitoring performance in case of GERAN. 

Observation 2: Since there is no concept of offload and coverage in GERAN, there should be no monitoring performance group indication for GERAN.

As GERAN frequencies will be configured by the network for the benefit of “voice-centric” UEs, it is proposed that the GERAN monitoring performance be fixed as “normal”. Further, it is not clear whether GERAN/CDMA2000 monitoring also needs to have normal and low performance requirements.
Hence, we have the following proposals:

Proposal 1: The broadcast signalling must be enhanced to include an explicit indication of whether each EUTRA/UTRA carrier is in the normal performance group or the low performance group. The corresponding fields should be included in the SIB5 for E-UTRA carriers and in SIB6 for UTRA carriers.
Proposal 2: There is no indication of monitoring performance group for GERAN/CDMA2000 frequencies in the broadcast signalling (SIB7/SIB8) in RRC_IDLE. GERAN/CDMA2000 frequencies are always treated as members of the normal performance group.

RAN4 may decide upon a maximum number of carriers in the normal performance group. In that case, if more number of normal performance carriers than supported is indicated, the UE need not apply the normal performance requirements to the carriers that exceed the minimum requirements. The selection criterion can be left to the UE implementation.
Proposal 3: If the number of relevant carriers in one group (i.e. EUTRA carriers in the normal performance group, UTRA carriers in the normal performance group, GERAN/CDMA2000 carriers (always assumed in the normal performance group) or total number of EUTRA carriers) is larger than the number defined by the minimum performances requirements, the UE can select based on a criterion that is left to the UE implementation.
The above mentioned SIBs also indicate the cellReselectionPriority for all EUTRA, UTRA, GERAN and CDMA2000 carrier frequencies which is used by the cell reselection procedure. It is observed that the cell reselection priority and the carrier monitoring performance group specification will never interfere with each other. This is because the cell reselection priority is used for a relaxed monitoring (where search is done every T_higher_priority_search) of higher priority frequency layers when the serving cell strength is already higher than a threshold ([4] and [5]). If the serving cell strength is lower than the threshold, all frequency layers are searched and this search can be either through “normal” monitoring performance or “low” monitoring performance. Hence, the signalled idle mode cell reselection priority and monitoring performance groups operate independently. Also, the following was mentioned in ([5]):
· Higher priority search when serving cell exceeds the thresholds Spriority_search1 and Spriority_search2 (UTRA) or   SnonIntraSearchP and  SnonIntraSearchQ (E-UTRA) will continue to be have a minimum requirement to be performed every 60s * Nlayers
Observation 3: The signalled idle mode cell reselection priority and monitoring performance groups for EUTRA and UTRA carriers operate independently and hence, no enhancement or network restriction is needed in configuring these together.
2.2 RRC_CONNECTED
In RRC_CONNECTED, the LTE UE receives the carriers for measurements as measurement objects in a MeasObjectToAddModList inside the MeasConfig IE. This list includes measurement objects which can be any of the E-UTRA, UTRA, GERAN and CDMA2000 carriers.  Thus, the same list is used for all the RATs.

· E-UTRA carriers are included as MeasObjectEUTRA  IEs
· UTRA carriers are  included as MeasObjectUTRA IEs
· GERAN carriers are included as MeasObjectGERAN IEs
· CDMA2000 carriers are included as MeasObjectCDMA2000 IEs
The signalling is specific to one UE and as the network knows the UE measurement capabilities, the number of carriers indicated is expected not to exceed the UE measurement capability.

As in RRC_IDLE, the monitoring performance for GERAN/CDMA2000 frequencies should be fixed as “normal” and not explicitly indicated.

Proposal 4: There is no indication of monitoring performance group for GERAN frequencies in MeasObjectGERAN or for CDMA2000 frequencies in MeasObjectEUTRA inside the MeasObjectToAddModList. GERAN/CDMA2000 frequencies are always treated as members of the normal performance group.

The indication of the performance group of the EUTRA/UTRA carrier again can be in two ways:
· Implicit indication through the order of appearance in the list
· Explicit indication by means of a field

Following are the drawbacks of the implicit indication:

· An indication is required of first how many carriers are in the normal performance group. This would require an additional field or a fixed constant which will limit the network’s flexibility to control the carriers present in either of the groups.

· There can only be two performance groups without the scope of any future enhancements
· Since the objects present in the MeasObjectToAddModList are “NEED ON” (i.e. they are assumed ot remain unchanged if not released explicitly), inclusion of any new E-UTRA/UTRA carrier in a normal performance group may require the network to resend the entire list after removing elements of the earlier list . The UE subsequently may need to remove and add the same measurement objects and also rest ongoing measurment event trigger evaluations.. This causes signalling , processing and performance overhead
Thus, we have the following proposals:

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 MeasObjectEUTRA or MeasObjectUTRA inside the MeasObjectToAddModList.
In [3], the requirment for an additional performance type for monitoring a carrier has been presented. This is a conditional performance type where the UE can apply the normal or the low performance requirement subject to the UE serving signal strength satisfying certain criterion. Generally “normal performance group” and “low performance group” will correspond to “coverage” and “offload” layer. In certain deployments same layer may have both offload and coverage cells. So it will be beneficial, to apply requirements of “high performance group” or “low performance group” to such a layer based on serving cell condition. Additionally, this gives the network operator the possiblity to optimise network operation from the UE power consumption point of view, by not adding all possible inter-frequency and inter-RAT layers in the normal performance group but in the conditional perfomance group (just to be on the safe side in case mobility to that layer is needed due to coverage reasons. ).
Therefore, we propose that this performance type is also included in the explicit indication of the carrier performance type. 

Proposal 6: The explicit indication of the performance group of the carrier in the MeasObjectEUTRA or MeasObjectUTRA inside the MeasObjectToAddModList can have 3 values as follows:
· Normal

· Low

· Conditional

If the conditional performance group is included, the number of carriers in the measurement configuration that need to be measured with the normal performance requirements can exceed the number of normal performance carriers that the UE can process based on the UE serving cell strength status. In that case, the UE can select based on a criterion that is left to the UE implementation

Proposal 7: If after the evaluation of carrier frequencies in the “conditional” performance group, the number of carriers in the normal performance group is larger than the number defined by the minimum performances requirements, the UE can select based on a criterion that is left to the UE implementation.
3 Conclusion

In this document, we discuss the signalling necessary in LTE to indicate which UTRA/E-UTRA carriers are in the normal performance group and which carriers are in the low performance group for RRC_IDLE as well as RRC_CONNECTED. The options of implicit signaling and explicit signaling were compared and the following proposals made:
Broadcast signalling:
Proposal 1: The broadcast signalling must be enhanced to include an explicit indication of whether each EUTRA/UTRA carrier is in the normal performance group or the low performance group. The corresponding fields should be included in the SIB5 for E-UTRA carriers and in SIB6 for UTRA carriers.

Proposal 2: There is no indication of monitoring performance group for GERAN/CDMA2000 frequencies in the broadcast signalling (SIB7) in RRC_IDLE. GERAN/CDMA2000 frequencies are always treated as members of the normal performance group.

Proposal 3: If the number of relevant carriers in one group (i.e. EUTRA carriers in the normal performance group, UTRA carriers in the normal performance group, GERAN/CDMA2000 carriers (always assumed in the normal performance group) or total number of EUTRA carriers) is larger than the number defined by the minimum performances requirements, the UE can select based on a criterion that is left to the UE implementation.
Dedicated signalling
Proposal 4: There is no indication of monitoring performance group for GERAN frequencies in MeasObjectGERAN or for CDMA2000 frequencies in MeasObjectEUTRA inside the MeasObjectToAddModList. GERAN/CDMA2000 frequencies are always treated as members of the normal performance group.

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 MeasObjectEUTRA or MeasObjectUTRA MeasObjectToAddModList.
Proposal 6: The explicit indication of the performance group of the carrier in the MeasObjectEUTRA or MeasObjectUTRA inside the MeasObjectToAddModList can have 3 values as follows:
· Normal

· Low

· Conditional
Proposal 7: If after the evaluation of carrier frequencies in the “conditional” performance group, the number of carriers in the normal performance group is larger than the number defined by the minimum performances requirements, the UE can select based on a criterion that is left to the UE implementation.
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