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1 Introduction
The WI of small cell enhancements - physical layer aspects was approved in RAN#62 [1]. One topic discussed is the small cell on/off, where the basic idea is to facilitate on/off switching of the small cells e.g. to reduce network energy consumption as well as to reduce interference during the times when the network load is low, and the concept of discovery reference signal (DRS) was introduced in RAN1 for this purpose.

In the last RAN4 meeting some agreements [2] were made on intra-frequency RRM requirements for DRS based cell/TP identification and RSRP/RSRQ measurements. There are, however, still some remaining issues to be discussed to complete the core requirements for intra-frequency RRM, and they are discussed in the companion paper [3]. 

Inter-frequency RRM requirements can be defined based on intra-frequency requirements. In our view, the following issues have to be discussed/agreed 
1) Side condition for inter-frequency cell/TP identification and measurement
2) Cell/TP identification and measurement requirement with and without DRX
3) Number of cell/TPs that the UE should be able to monitor per inter-frequency carrier
4) Number of inter-frequency carriers to be monitored with DRS

In this paper we will analyze the above mentioned issues and give our preferences.
2 Discussion
Side condition
For intra-frequency, side condition for cell identification and DRS based CRS measurement was agreed as -6dB; side condition for TP indentification and DRS based CSI-RS measurement was agreed as 0dB. 

In our opinion, the side condition should be determined considering the deployment scenario, i.e. the SINR condition that UE will experience on a frequency carrier. Therefore we think what was agreed for intra-frequency can be re-used for inter-frequency.  
Proposal 1: The side conditions for inter-frequency requirements are same as those for intra-frequency. 
Requirements with and without DRX 
Without DRX, cell/TP indentification and measurement on an inter-frequency carrier is assumed to be performed in the common occurrence of measurement gap and DMTC. It is then straightforward to define the requirement by scaling DRS occasion number with the larger value between gap periodicity and DMTC periodicity. 
With DRX, the DRX cycle should also be involved in the scaling of DRS occasion number, to enable the aligned possibility of UE powering saving from measurement point of view. It is then also straightforward to define the requirement by scaling DRS occasion number with the larger value between gap periodicity, DMTC periodicity and DRX cycle.  
Furthermore, UE may need to adjust AGC before performing cell identification on the SCC, so one DRS occasion should be added compared to intra-frequency case.
Finally, as in existing inter-frequency requirements where the measurement gaps are split among multiple monitored frequency carriers, the identification delay and measurement period need to be scaled further with total number of inter-frequency carriers that UE is configured to monitor (denoted as N_freq in current specfication). 
Proposal 2: The inter-frequency cell/TP identification and measurement requirements are defined by scaling DRS occasion number with the larger between DMTC periodicity and gap periodicity for non-DRX case, and with the larger between DMTC periodicity, gap periodicity and DRX cycle for DRX case. One DRS occasion should be added for cell/TP indetification for AGC adjustment. The requirements should be further scaled with total number of inter-frequency carriers that UE is configured to monitor. 
Number of monitored cells/TPs 
Similar as the legacy requirement that UE shall be able to monitor at least 4 inter-frequency cells per carrier, RAN4 should specify the minimum requirement on the number of inter-frequency cells/TPs that UE shall be able to monitor with DRS. The number should take into account both typical deployment scenario (how many cells/TPs are visible to the UE) and also UE complexity. Our system level simulation [4] show that in the concerned scenario (SCE scenario 2a) UE in most cases can “see” 3 cells/TPs, and we consider 3 is also a reasonable number also from UE complexity point of view. 

For TP monitoring, as we discuss in [2], we think the cell monitoring and TP monitoring requirements should be defined independently.
For cell monitoring, currently there is no conclusion from RAN1 email discussion on whether it is possible for UE to monitor some of the neighbor cells with DRS based CRS measurement while others with legacy CRS measurement. In case it is allowed by RAN1, we think RAN4 should clarify the relation between the legacy requirement on the number of cells and the potential new requirement on the number of DRS cells, if both normal cell (UE assumes the cell can be measured in the legacy way) and DRS cell (UE assumes the cell can be measured only in DMTC) are to be monitored on a single frequency carrier. There are at least 2 options:
1) Total 7 cells need to be monitroed: the legacy requirement is considered as for normal cells (4), and the potential new requirement for DRS cells (3) is added on top
2) Total 4 cells need to monitored: the legacy requirement is considered as for all cells (4), and the potential new requirement for DRS cells (3) is part of it
From network point of view, option 1) can lead to the best mobility performance; however, UE complexity may become a concern since there would be totally 6 (3 cells and 3 TPs) new measurements added per inter-frequency carrier. On the other hand, the problem with Option 2) is that it may leave too small number of monitored cells, either normal or DRS cell.   
Proposal 3: UE shall be able to monitor 3 inter-frequency cells/TPs per carrier, provided side condition is fulfilled. The cell monitoring and TP monitoring requirements should be defined independently. If sinultineous monitoring of neighbour cells with both DRS based and legacy CRS measurement are allowed by RAN1, RAN4 should clarify the relation between the legacy and new requirements on the cell monitoring. 
Number of monitored carriers 
Similar as the legacy requirement that UE shall be able to monitor at least 3 inter-frequency carriers, RAN4 should specify the minimum requirement on the number of carrier that UE shall be able to monitor with DRS. Here the issue is the new Rel-12 feature IncMon, which enables capable UE to monitor up to 8 carriers. There are at least 3 options:
1) The DRS monitoring applies to all 8 carriers
2) The DRS monitoring applies to only 3 out of 8 carriers, but they are restricted to normal performance group
3) The DRS monitoring applies to only 3 out of 8 carriers, and there is no restriction
In our view, option 1) is most preferable but there may be concerns on UE complexity. Option 3) could then be the most reasonable solution.
Proposal 4: UE is required to monitor 3 inter-frquency carriers with DRS, and there is no restriction on which performance groups those 3 carriers can belong to. 
3 Conclusions 
In this paper we present our analysis and preferences on the inter-frequency RRM requirements for SCE, and have the following proposal:
Proposal 1: The side conditions for inter-frequency requirements are same as those for intra-frequency. 
Proposal 2: The inter-frequency cell/TP identification and measurement requirements are defined by scaling DRS occasion number with the larger between DMTC periodicity and gap periodicity for non-DRX case, and with the larger between DMTC periodicity, gap periodicity and DRX cycle for DRX case. One DRS occasion should be added for cell/TP indetification for AGC adjustment. The requirements should be further scaled with total number of inter-frequency carriers that UE is configured to monitor. 
Proposal 3: UE shall be able to monitor 3 inter-frequency cells/TPs per carrier, provided side condition is fulfilled. The cell monitoring and TP monitoring requirements should be defined independently. If sinultineous monitoring of neighbour cells with both DRS based and legacy CRS measurement are allowed by RAN1, RAN4 should clarify the relation between the legacy and new requirements on the cell monitoring. 

Proposal 4: UE is required to monitor 3 inter-frquency carriers with DRS, and there is no restriction on which performance groups those 3 carriers can belong to. 
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