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1. Introduction

An initial analysis on the impact of 3 DL CA (i.e. 3 DL CCs with 1 UL CC) on RRM requirements was presented in the last RAN4 meeting [1]. There was however no agreement on the RRM requirements. 
In this paper we provide more detailed analysis of the RRM requirements which are needed for 3 DL/1 UL CA. The analysis covers all types of 3 DL CA: intra-band contiguous, intra-band non-contiguous, inter.band or any combination thereof.
2. List of affected RRM requirements  
As analyzed in [1] the following set of RRM requirements need to be revised and defined or extended for 3 DL CA:
· UE transmit timing (section 7.1)

· SCell activation and deactivation Delay (section 7.7)
· Interruptions with Carrier Aggregation (section 7.8)
· Mobility related requirements (sections 8.3 and 9.1.11)
· 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 UE transmit timing accuracy

The UE transmit timing accuracy requirements are applicable for CA with pTAG and also with both pTAG and sTAG. 

In case of 3 DL CA:

· pTAG may contain only PCell or PCell and one SCell or PCell and 2 SCells. 

· sTAG may contain only one SCell or 2 SCells. 

The above aspects related to 3 DL CA need to be captured in section 7.1.1.

3.2 SCell activation and deactivation Delay
The eNB may independently activate and deactivate the two SCells. This means while one SCell (e.g. first SCell) is being actvated or deactivated by the UE, the eNB may also activate or deactivate the other SCell (e.g. second SCell). This will affect the on going activation or deactivation procedure of the first SCell in the UE. Simlarly if the other SCell is configured or deconfigured then also the activation or deactivation procedure of the first SCell will be affected. 
Therefore requirements should be defined for two cases:

1. The existing activation and deactivation requirements apply if the UE is activating or deactivating an SCell while the other SCell is not activated, deactivated, configured or deconfigured. 
2. The activation and deactivation requirements (delay) are extended if the UE is activating or deactivating an SCell while the other SCell is activated, deactivated, configured or deconfigured. 
In the second case the extended activation and deactivation delays for the SCell need to take into account interruption due to each activation, deactivation, configuration or deconfiguration of the other SCell.

The extended activation delay in scenario # 2 can be expressed by (1):

Tactivate_total = Tactivate_basic+ K*Dinterrupt+ K*(                                                  (1)
Where:

Tactivate_basic is the SCell activation delay specified in section 7.7.2;

K is the number of times the other Scell is activated, deactivated, configured or deconfigured while the Scell is being activated;

Dinterrupt is the maximum of the Pcell and Scell interruption times specified in section 7.8.
( is the margin to account for resuming the Scell deactivation after each interruption.

The extended deactivation delay in scenario # 2 can be expressed by (2):

Tdeactivate_total = Tdeactivate_basic+ L*Dinterrupt + L*(                                             (2)
Where:

Tdeactivate_basic is the SCell activation delay specified in section 7.7.3;

L is the number of times the other SCell is activated, deactivated, configured or deconfigured while the SCell is being activated;

Dinterrupt is the maximum of the PCell and SCell interruptions specified in section7.8.
( is the margin to account for resuming the SCell deactivation after each interruption.

3.3 Interruptions with Carrier Aggregation

In the existing requirements in section 7.8 the interruption due to SCell addition/release, activation/deactivation and due to measurements on deactivated SCell occurs only on PCell. Several issues specific to 3 DL CA need to be addressed in the requirements:
· With 2 DL SCells in 3 DL CA, it may be that one of the SCell is activated while the other SCell is deactivated. This means the interruption will occur on both PCell and activated SCell. 

· Another important aspect to consider is that 3 DL CA may consists of any of intra-band, inter-band or combination of intra-band and inter-band configuration. The interruption for intra-band and inter-band CA cases is 5 ms and 1 ms respectively. Therefore requirements should also be defined such that they are applicable toa combination of intra-band and inter-band configuration.

· It is possible that both SCells are deactivated. In this case the PCell interruption may occur due to measurements on both SCells. The SCell measurement cycles are independtly configured for two SCells. It is possible that both SCell measurement cycles are different e.g. one is 640 ms whereas the other one is 320 ms. In this case the UE should be allowed  PCell interruption probability of missed ACK/NACK of 0.5% provided at least one of the two SCell measurement cycles is 640 ms or larger. 
3.4 Impact on mobility related requirements

The mobility requirements for measurements on up to two SCCs in section 8.3 need to be defined. WE suggest that the current requirements for one SCC are also made applicable for the second SCC. This would require inclusion of all possible CA configurations up to 3 DL CA in section 8.3.1 as shown below: 
8.3.1
Introduction

This clause contains requirements on UE capabilities for support of E-UTRA carrier aggregation. Requirements in this clause are applicable to all carrier aggregation capable UE which have been configured with at least one downlink SCell, but:

-
up to two downlink CCs and up to two uplink CCs for intra-band contiguous carrier aggregation, or

-
up to three downlink CCs and one uplink CC for inter-band carrier aggregation, or

-
up to three downlink CCs and one uplink CC for intra-band non-contiguous carrier aggregation, or

· up to three downlink CCs and one uplink CC for intra-band contiguous carrier aggregation, or

· three downlink CCs and one uplink CC where any pair of the two downlink CCs may belong to any of inter-band, intra-band non-contiguous or intra-band contiguous carrier aggregations. 

In the remaining of section 8.3 only minor modification is needed since same requirements will apply to each of the two SCCs.
A similar modification is needed in section 9.1.11 which defines the RSRP and RSRQ measurement accuracy. That section 9.1.11 it needs to be captured that the measurement accuracies apply up to 2 DL SCells.

3.3 Impact on RSTD requirements

In our view the RSTD requirements for 3 DL CA are also defined in Release 12. But as stated in our previous paper we prefer to first progress the basic mobility requirements before addressing the RSTD with 3 DL CA.    

4 Summary
In this paper we have further analyzed the impact of 3 DL/1 UL CA on RRM requirements in sections 7, 8 and 9 of TS 36.133 with main focus on mobility related requirements. The corresponding CRs for these sections are provided in [2-4]. 
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