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1. Introduction

In the last RAN plenary four new WIs to introduce CA with 5 DL CCs and 1 UL CC were approved [1-4]. The RRM requirements for CA are being defined for up to 4 DL CCs, which may belong to the same or different bands with 2 UL adjacent CCs. Most of the requirements except the meausurement requirements for 4 DL CA have been completed. RAN4 needs to investigate the requirements needed to introduce 5 DL/1UL CA. 

In this paper we also provide initial analysis of the RRM requirements which are needed for 5DL/1 UL CA. 

2. List of affected RRM requirements  
The following set of RRM requirements need to be revised and defined or extended for 3 DL CA:
· Random access (section 6.2)

· UE transmit timing (section 7.1)

· SCell activation and deactivation Delay (section 7.7)
· Interruptions with Carrier Aggregation (section 7.8)
· Maximum Transmission Timing Difference in Carrier Aggregation (section 7.9)

· Mobility related requirements (sections 8.2, 8.3 and 9.1.11)
· Discovery signal measurements for E-UTRA carrier aggregation (sections 8.7 and 9.1.15)
· OTDOA RSTD related requirements (sections 8.4 and 9.1.12)
3. Analysis of affected RRM requirements
The RRM requirements listed in section 2 are discussed in detailed:
3.1 Random access

The existing requirements defined for PCell will also apply for 5 DL CA like they are applicable for 2-4 DL CA. We therefore don’t foresee the need for any additional RA requirements for 5 DL/1 UL.

3.2 UE transmit timing accuracy

The UE transmit timing accuracy requirements defined for the pTAG will only be applicable for 5 DL CA since there is only 1 UL CC. The existing requirements for pTAG can be reused for 5 DL CA. However some clarification is needed that pTAG can contain PCell and up to 4 SCells.
3.3 SCell activation and deactivation Delay
The existing SCell activation requirements defined for up to 4 DL CA can easily be extended for 5 DL CA as follows:

While activating a SCell if the UE does not receive any command to activate, deactivate, configure or deconfigure any other SCell during the SCell activation delay then the UE shall meet the SCell activation delay requirements specified in section 7.7.2. 

While activating a SCell if any other SCell is activated, deactivated, configured or deconfigured by the UE then the UE shall meet the SCell activation delay requirements (Tactivate_total) according to the following expression:

· 
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Where:

Tactivate_total is the total time to activate a SCell and is expressed in subframes.

Tactivate_basic is the SCell activation delay specified in section 7.7.2;

Ki (0 ≤ Ki ≤ [3]) is the number of times the other ith SCell is activated, deactivated, configured or deconfigured while the SCell is being activated.

N (2≤N≤4) is the maximum number of SCells supported by the UE.
That means the existing SCell deactivation delay requirements for up to 4 DL defined in section 7.7.5 can be reused for 5 DL CA by extending the upper range of the parameter N to 4.  
3.4 Interruptions with Carrier Aggregation

Recently the interruption requirements in section 7.8 are defined for up to three deactivated SCells in the context of 4 DL CA. The current requirements can easily be extended for 5 DL CA by increasing the maximum number of SCells from 3 to 4. 
For example in section 7.8.2.7 it is stated that:

When any number of SCells between one and three is added or released using the same RRCConnectionReconfiguration message as defined in [2], the UE is allowed an interruption on PCell and on any activated SCell during the RRC reconfiguration procedure as follows:

The above can be modified as follows:

When any number of SCells between one and four is added or released using the same RRCConnectionReconfiguration message as defined in [2], the UE is allowed an interruption on PCell and on any activated SCell during the RRC reconfiguration procedure as follows:

Similarly in section 7.8.2.8 it is stated that:

If two or three SCells are deactivated, the UE is allowed due to measurements on the SCCs with deactivated SCells:

The above can be modified as follows:

If two, three or four SCells are deactivated, the UE is allowed due to measurements on the SCCs with deactivated SCells:
3.5 Impact on mobility related requirements

· Measurement requirements: The mobility requirements for measurements on up to four SCCs in section 8.3 need to be defined. The requirements for 4 DL CA are still being discussed. We suggest that the measurement requirements agreed for the 3rd SCCs in case 4 DL CA are also reused for the 4th SCC in 5 DL CA. In our view requirements for all the SCC with activated SCell in 5 DL CA should be the same as defined for the SCC with activated SCell in 3 DL CA. This would require some clarification that the measurement requirements are applicable for up to four SCCs and also regarding maximum CA configuration (e.g. maximum of up to 5 DL CCs with 1 UL CC).
· Ecat requirements: 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. The requirements for 4 DL CA are also under discussion. The existing requrements will be extended by modifying the current text that the requirements are applicable for PCell and up to 4 SCells cover up to 4 DL CA. The total number of reporting criteria for up to 5 DL CA also needs to be increased accordingly.
· Measurement accuracies: The existing RSRP and RSRQ measurement accuracies defined for 4 DL CA can be reused and extended for 5 DL CA. To extend the existing requirements, in section 9.1.11 it needs to be captured that the measurement accuracies apply for CA capable UEs which have been configured with one, two or three downlink SCell(s).
3.3 Maximum Received Timing Difference in CA
Presently the requirements in section 7.9 are defined for up to 4 DL CA. For example in section 7.9.2 for inter-band CA it is stated that:
· The UE shall be capable of handling at least a relative received time difference between the signals received from the PCell and the SCell at the UE receiver of up to 30.26 µs when one SCell is configured.

· When two or three SCells are configured, the UE shall be capable of handling at least a relative propagation delay difference between the signals received from any pair of the serving cells (PCell and the SCells) at the UE receiver of up to 30.26 µs.

The above requirements can be extended for 5 DL CA by modifying the second bullet as follows:

When two, three or four SCells are configured, the UE shall be capable of handling at least a relative propagation delay difference between the signals received from the PCell and any of the SCells at the UE receiver of up to 30.26 µs.

3.4 Discovery signal measurements for CA

The requirements for discovery signal measurement requirements are being developed for 4 DL CA. This requires introduction of 4 DL CA configurations in the applicability section and some clarification in the measurement requirements. Therefore in the same the discovery signal measurement requirements can be extended also for 5 DL CA. 

3.5 Impact on RSTD requirements

It was agreed not to introduce RSTD requirements for 4 DL CA. Therefore no RSTD requirements are needed for 5 DL CA.  
4 Summary
In this paper we have analyzed the impact of 5 DL/1 UL CA on RRM requirements in sections 7, 8 and 9 of TS 36.133 with main focus on mobility related requirements. In all the cases the existing requirements for 4DL CA can be extended for 5 DL CA with some clarificaton. Therefore in our view RAN4 can complete the RRM requirements related to basic mobility measurements for 5 DL CA in the November meeting (RAN4#77). 
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