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1 Introduction

A new WI on LTE CA beyond 5 carriers was approved in RAN#66 [1]. The aim of the WI is develop necessary procedures and corresponding requirements for carrier up to 32.
In this paper we analyse impact of this WI on RRM requirements. 

2 Scope of RRM Requirements for Beyond 5 Carriers
According to the objectives of the core part of the WI, the scope of RAN4 is stated as follows:
3. Specify the necessary (if any) eNB and UE core requirements [RAN4]

·   No band specific RAN4 work is planned as part of this work item.

It is clearly stated in the above objective that under this work item RAN4 will not develop any band specific requirements for beyond 5 carriers. Instead the band combinations and corresponding requirements will be specified under separate WIs as mentioned in the justification part of the WID as follows: 
In order to accommodate the future demand for CA with beyond 5 carriers and associated potentially foreseeable issues, all the band-agnostic requirements for the CA enhancements are specified. In principle, any band combination specific requirements for beyond 5 carriers will be specified in separate specific WIs according to the market demands after the completion of this WI.

This means under this WI, RAN4 is required to develop only RRM requirements for beyond 5 carriers, which are band-agnostic i.e. independent of any frequency band.
3 Analysis of RRM Requirements for Beyond 5 Carriers

RAN4 has developed number RRM requirements for CA since release 10 when the CA was first introduced. Some of these requirements are band dependent while others are band independent. 

A UE capable of ‘Beyond 5 Carriers’ feature can also be configured to operate with number of CCs equal to 5 or less. Therefore such a UE will have to meet also requirements for legacy number of CCs (1-5 CCs). 

The following CA related requirements defined in TS 36.133 are band dependent:

· SCell Activation and Deactivation Delay for E-UTRA Carrier Aggregation (section 7.7)
· Measurements with autonomous gaps (sections: 8.1.2.2.3-8.1.2.2.4, 8.1.2.3.5-8.1.2.3.8)

· Measurements for E-UTRA carrier aggregation (section 8.3)
· Carrier aggregation measurement accuracy (section 9.1.11)

· Positioning related requirements:

· OTDOA RSTD Measurements for E-UTRAN carrier aggregation (section 8.4)
· Reference Signal Time Difference (RSTD) Measurement Accuracy Requirements for Carrier Aggregation (section 9.1.12)
The following CA related requirements defined in TS 36.133 are band independent:

· Random Access (section 6.2)

· UE transmit timing (section 7.1)
· Interruptions with Carrier Aggregation (section 7.8)

· Maximum Transmission Timing Difference in Carrier Aggregation (section 7.9)
· Capabilities for Support of Event Triggering and Reporting Criteria (section 8.2)
· Positioning related requirements:

· Interruptions with RSTD Measurements with Carrier Aggregation (section 7.10)

· Capabilities for Support of Event Triggering and Reporting Criteria for RSTD (section 8.2)

The above set of requirements are further analysed in the context of ‘Beyond 5 Carriers’.
3.1 Band Dependent CA Requirements

The following requirements are band dependent due to the side conditions associated with RSRP and SCH_RP levels, which in turn depend on frequency bands. This also includes the activation and deactivation of SCell(s), where requirements apply depending on whether SCell is detectable or not, which in turn refers to cell identification requirements. Similar approach is used for measurements with autonomous gaps i.e. they are conditioned to RSRP and SCH_RP levels. 
· SCell Activation and Deactivation Delay for E-UTRA Carrier Aggregation (section 7.7)

· Measurements with autonomous gaps (sections: 8.1.2.2.3-8.1.2.2.4, 8.1.2.3.5-8.1.2.3.8)

· Measurements for E-UTRA carrier aggregation (section 8.3)
The RSRP and RSRQ measurement accuracies are clearly band dependent requirements as they depend on RSRP and Io levels, which are band dependent.

The following OTDOA positioning related requirements are also band dependent. The RSTD measurement requirements depend on PRS level, which is band dependent. The RSTD accuracy requirements depend on both PRS and Io levels, which are band dependent. 

· OTDOA RSTD Measurements for E-UTRAN carrier aggregation (section 8.4)
· Reference Signal Time Difference (RSTD) Measurement Accuracy Requirements for Carrier Aggregation (section 9.1.12)
Therefore RAN4 is not required to develop any of the above band dependent requirements under the WI on LTE CA enhancement beyond 5 Carriers.
· Proposal #1.1:  RAN4 will not develop any of the following band dependent requirements in Release 13 under the WI: LTE CA enhancement beyond 5 Carriers.

· SCell Activation and Deactivation Delay for E-UTRA Carrier Aggregation (section 7.7)

· Measurements with autonomous gaps (sections: 8.1.2.2.3-8.1.2.2.4, 8.1.2.3.5-8.1.2.3.8)

· Measurements for E-UTRA carrier aggregation (section 8.3)

· Carrier aggregation measurement accuracy (section 9.1.11)

· OTDOA RSTD Measurements for E-UTRAN carrier aggregation (section 8.4)

· Reference Signal Time Difference (RSTD) Measurement Accuracy Requirements for Carrier Aggregation (section 9.1.12)

3.2 Band Independent CA Requirements
The following band independent requirements are analyzed below:
· Random Access (section 6.2):
RAN4 has developed CA related RA requirements for PCell and one SCell i.e. for 2 UL CCs. In Rel-13 under conventional LTE CA work items, RAN4 will also develop requirements for 3 DL/2 UL inter-band CA. However there is no plan to increase the number of UL CCs beyond 2 UL CCs. The release 13 LTE CA WIs related to 4 DL involve 1 UL CC. We therefore suggests that RA requirements defined for 2 UL CCs (i.e. PCell and SCell) are also reused or extended for LTE enhancement beyond 5 carriers.  
· Proposal # 2.1: The existing random access requirements defined for 2 UL CCs (i.e. PCell and SCell) can be reused or extended for LTE enhancement beyond 5 carriers.
· UE transmit timing (section 7.1): 
The UE transmit timing requirements for CA is related to the initial transmit time accuracy. RAN4 has developed such requirements for pTAG and sTAG i.e. PCell in pTAG and one SCell in sTAG i.e. for 2 UL CCs. As stated above that under Rel-13 conventional LTE CA work items, RAN4 will not increase UL CCs beyond 2 but will develop requirements for 3 DL/2 UL inter-band CA. We therefore suggests that UE transmit timing requirements applicable for 3 DL/2 UL inter-band CA (i.e. pTAG and sTAG) are also reused or extended for LTE enhancement beyond 5 carriers.  

· Proposal # 2.2: The UE transmit timing requirements being defined for 3 DL/2 UL inter-band CA can be reused or extended for LTE enhancement beyond 5 carriers.
· Interruptions with Carrier Aggregation (section 7.8):
Interruption requirements for CA are related to interruption on PCell and activated SCell due to measurements on deactivated SCell and activation/deactivation/configuration/deconfiguration of SCell(s). RAN4 has developed such requirements for 3 DL CA i.e. for PCell and 2 SCells. Under Rel-13 conventional LTE CA work items, RAN4 will develop such requirements for 4 DL/1UL CA i.e. for PCell and 3 SCells. One possibility is to extend or reuse such requirements also for LTE enhancement beyond 5 carriers. On the other hand in consistence with RA and UE transmit timing requirements the existing requirements for 3 DL CA can be reused for LTE enhancement beyond 5 carriers.  

· Proposal # 2.3: The interruption requirements applicable for 3 DL CA or those being defined for 4 DL CA can be reused or extended for LTE enhancement beyond 5 carriers.
· Maximum Transmission Timing Difference in Carrier Aggregation (section 7.9)
The maximum transmission timing difference for CA are related to the handling of maximum uplink transmission timing difference between the pTAG and the sTAG of at least 32.47µs. As stated above that under Rel-13 conventional LTE CA work items, RAN4 will not extend UL CCs beyond 2. Therefore these existing requirements defined for pTAG and sTAG can also be reused for LTE enhancement beyond 5 carriers.  
· Proposal # 2.4: The existing maximum transmission timing difference requirements between pTAG and sTAG for CA can be reused or extended for LTE enhancement beyond 5 carriers.
· Capabilities for Support of Event Triggering and Reporting Criteria (section 8.2)
The Ecat requirements are defined in a generic manner for CA in Table 8.2.2-1 that: When the UE is configured with SCell carrier frequency, Ecat for Intra-frequency is applied per serving frequency. Currently the requirements in terms of total number of reporting criteria are applicable for up to 3 CCs i.e. PCell and 2 SCells. Therefore the Ecat requirements have to be updated also for 4 DL CA under the LTE CA WIs. One possibility is to extend or reuse such requirements also for LTE enhancement beyond 5 carriers. On the other hand in consistence with RA, UE transmit timing and possibly interruption requirements the existing requirements for 3 DL CA can be reused for LTE enhancement beyond 5 carriers.  
· Proposal # 2.5: The Ecat requirements applicable for 3 DL CA or those being defined for 4 DL CA can be reused or extended for LTE enhancement beyond 5 carriers.
· Positioning related requirements: 

We suggest that RAN4 first develop the basic requirements for LTE CA i.e. those stated above. The following positioning related requirements are addressed once the basic requirements are settled to ensure timely completion of the WI in Rel-13.

· Interruptions with RSTD Measurements with Carrier Aggregation (section 7.10)

· Capabilities for Support of Event Triggering and Reporting Criteria for RSTD (section 8.2)

· Proposal # 2.6: The positioning related RSTD requirements for LTE enhancement beyond 5 carriers are addressed once the basic requirements for LTE CA beyond 5 carriers are settled.

4 Summary
The paper provides initial analysis of impact of LTE CA enhancement on RRM. A UE capable of ‘Beyond 5 Carriers’ feature can also be configured to operate with number of CCs equal to 5 or less. Therefore band agnostic requirements for such a UE can also be verified with fewer than 6 CCs in Rel-13.

The following are initial list of proposals:

· Proposal #1.1:  RAN4 will not develop any of the following band dependent requirements in Release 13 under the WI: LTE CA enhancement beyond 5 Carriers.

· SCell Activation and Deactivation Delay for E-UTRA Carrier Aggregation (section 7.7)

· Measurements with autonomous gaps (sections: 8.1.2.2.3-8.1.2.2.4, 8.1.2.3.5-8.1.2.3.8)

· Measurements for E-UTRA carrier aggregation (section 8.3)

· Carrier aggregation measurement accuracy (section 9.1.11)

· OTDOA RSTD Measurements for E-UTRAN carrier aggregation (section 8.4)

· Reference Signal Time Difference (RSTD) Measurement Accuracy Requirements for Carrier Aggregation (section 9.1.12)

· Proposal # 2.1: The existing random access requirements defined for 2 UL CCs (i.e. PCell and SCell) can be reused or extended for LTE enhancement beyond 5 carriers.
· Proposal # 2.2: The UE transmit timing requirements being defined for 3 DL/2 UL inter-band CA can be reused or extended for LTE enhancement beyond 5 carriers.
· Proposal # 2.3: The interruption requirements applicable for 3 DL CA or those being defined for 4 DL CA can be reused or extended for LTE enhancement beyond 5 carriers.
· Proposal # 2.4: The existing maximum transmission timing difference requirements between pTAG and sTAG for CA can be reused or extended for LTE enhancement beyond 5 carriers.
· Proposal # 2.5: The Ecat requirements applicable for 3 DL CA or those being defined for 4 DL CA can be reused or extended for LTE enhancement beyond 5 carriers.
· Proposal # 2.6: The positioning related RSTD requirements for LTE enhancement beyond 5 carriers are addressed once the basic requirements for LTE CA beyond 5 carriers are settled.
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