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1. Introduction

In the last RAN plenary two new WIs to introduce CA with 3 DL and 3 UL CCs were approved [1-2]. The existing RRM requirements for CA are defined for up to 2 UL CCs, which may belong to the same or different bands. Therefore RAN4 needs to investigate the requirements needed to introduce 3 UL CCs. 
In this paper we also provide initial analysis of the RRM requirements which are needed for 3DL/3 UL CA. 
2. List of affected RRM requirements  
The following set of RRM requirements need to be revised and defined or extended for CA are:
· 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)
The existing requirements defined for CA cover up to 4 DL CA with 2 UL CCs. This means with 3 UL CCs the RRM requirements related to UL transmitted signals are expected to be affected. Therefore in the following section we analyse only RA and UE transmit timing requirements for CA with 3DL/3UL CCs.
3. Analysis of affected RRM requirements for 3 UL CA
3.1 Random access

With regard to the CA the existing CA related requirements are defined for random access (RA) on PCell and on one activated SCell. For the RA on PCell both contention and non-contention based requirements are defined. For the RA on the SCell non-contention based requirements are defined. 

In case of 3 UL CCs, there will be 2 UL SCells. Therefore the existing non-contention based RA requirements need to be defined for up to 2 activated SCells. This will allow the UE to perform RA when requested by the network on any of the two activated SCells. 
3.2 UE transmit timing accuracy

In the existing work items the 3 UL CCs are distributed over two different bands. Typically two serving cells in the same band will be configured in the same TAG whereas the third serving cell will be configured in another TAG. On the other hand the network may also configure all serving cells in the pTAG. 
But if both pTAG and sTAG are used then either pTAG or sTAG will contain two serving cells. Let us consider both cases separately:

pTAG with at least two serving cells:

According to the current requirements in section 7.1.1 of TS 36.133:

In pTAG, UE shall use the PCell as the reference cell for deriving the UE transmit timing for cells in the pTAG. 

This means in case of 3 UL CCs the UE shall always use PCell for deriving the UE transmit timing in the pTAG for all serving cells even if one or both activated SCells are in the pTAG.  

sTAG with two SCells:
In this case as well the UE has to use only one of the SCells as reference cell for deriving its UL transmit timing for both SCells in the sTAG.  Firstly the UE has to use only the activated SCell as the reference cell. In case both SCells are activated then it is up to UE implementation to select any of the activated SCells. This is in accordance with the RAN2 agreements in section 10.1.2.7 of TS 36.300:

In a sTAG, the UE may use any of the activated SCells of this TAG as a timing reference cell, but should not change it unless necessary.

RAN4 needs to define requirements to ensure such UE behaviour i.e. UE is required to use any of the activated SCells as the reference cell. 
Impact of change of timing reference cell in sTAG:
The UE may change timing reference cell for example when the current SCell used as timing reference cell is deactivated while the other SCell is activated or is being activated. According to RAN2 agreement as conveyed to RAN4 in RAN4#64 via an LS in [3] that when changing the DL timing reference cell the UE should gradually adjust its UL transmit timing to the DL timing of the new reference cell. 
The UE should consider a change of the DL timing reference as “DL path moving”, i.e. NTA_Ref is not changed, and the UE will gradually adjust its uplink timing to downlink timing of the new timing reference minus
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This gradual adjustment in timing is needed to ensure that the UE does not cause any large jump in the UL transmit timing during the transition from the old DL timing reference cell to the new DL timing reference cell. In order to capture this UE behaviour during the transition phase we suggest reusing the existing requirements defined in section 7.1.2 of TS 36.133. That is all adjustments during the transition are made to the UE uplink timing shall follow these rules:

1)
The maximum amount of the magnitude of the timing change in one adjustment shall be Tq seconds.

2)
The minimum aggregate adjustment rate shall be 7*TS per second.

3)
The maximum aggregate adjustment rate shall be Tq per 200ms.

Where Tq is defined in table 7.1.2-2 of section 7.1.2 of TS 36.133
3 Summary
In this paper we have analyzed the impact of 3 DL/ 3 UL CA on RRM requirements in the affected sections 6 and 7 of TS 36.133. We suggests that in RAN4#76bis meeting RAN4 agrees on the basic principles of the requirements in order to finalize all the core requirements in the next meeting. 
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