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1. Introduction

There have been few contributions related to RRM requirememts for 3 DL/1 UL CA in the previous RAN4 meetings [1-2]. But until now there has not been any agreement. With the progress of RF requirements for 3 DL/1 UL CA in RF session, we believe it is time for RAN4 to identify and study major RRM aspects related to 3 DL/1 UL CA. 
Since the first 3CA work items are due for completion in RAN#64 (June 2014) it is important that the core RRM work is planned and completed in a timely manner, and in general that as much as possible, the work already done for 2DL CA RRM requirements is reused and extended for 3DL/1UL CA.
In this paper we provide an overview of the RRM requirements affected by 3 DL/1 UL CA. 
2. 3 DL/1 UL CA Overview 
There exists very large number of work items on 3 DL/1 UL and as of now they can be broadly divided into:
· Inter-band CA i.e. each CC in different band.
· Inter-band with 2 contiguous CCs i.e. 1 CC in one band and remaining 2 contiguous CCs in another band
· Inter-band with 2 non-contiguous CCs i.e. 1 CC in one band and remaining 2 non-contiguous CCs in another band

· Intra-band contiguous CA i.e. all 3 CCs are contiguous
· Intra-band non-contiguous CA i.e. 2 non-contiguous CCs

In terms of bandwidth it is observed that most of the 3 DL/1 UL CA work items support bandwidth combination of 10 MHz in all three component carriers.  

3. Impact on RRM requirements
In this section we provide brief overview of RRM requirements which may be affected or may require some kind of clarification in TS 36.133. 

· Handover
· RRC connection control

· RRC connection Re-establishment
· Random access
· RRC connection release with redirection
· UE transmit timing
· Radio link monitoring

· SCell activation and deactivation Delay
· Interruptions with Carrier Aggregation
· Capabilities for support of event triggering and reporting criteria
· Mobility related measurements:

· Cell identification

· RSRP and RSRQ measurements

· CGI reporting

· Positioning related measurements

· UE Rx-Tx time difference measurement

· RSTD measurement  

3.1 Handover
In 3 DL/1 UL CA there are 2 DL SCells. It is stated in section 5 of TS 36.133:
Note 2: Unless otherwise stated, the requirements in sections 5.1, 5.2.2.2, 5.2.2.3, 5.2.2.4, 5.3 and 5.4 are also applicable when a UE is configured with Scell(s).
This implies the requirements are defined in generic way. Therefore no clarification or change is needed in handover related requirements. 

· Proposal # 1: 3 DL/1 UL CA has NO impact on existing HO requirements in section 5.
3.2 RRC connection control
The following procedures are performed by the PCell. 
· RRC connection Re-establishment

· RRC connection release with redirection

Therefore addition of SCell does NO impact any of these requirements.

In case of random access requirements the following is stated in section 6.2.1:

The random access procedure is used when establishing the layer 1 communication between the UE and E-UTRAN. The random access is specified in clause 6 of TS 36.213[3] and the control of the RACH transmission is specified in clause 5.1 of TS 36.321[17]. Contention based random access procedures can only be carried out on PCell, while non-contention based random access procedures can be carried out on both PCell and an activated SCell.
Since 3 DL/1UL CA contains only PCell in UL therefore there is no impact of 3 DL/1UL on the existing RA related requirements.

· Proposal # 2: 3 DL/1 UL CA has NO impact on existing requirements on RRC connection control in section 6.
3.3 UE transmit timing
The following is stated in section 7.1.1:

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

In in case of 3 DL CA, the UE will have only pTAG and it will contain PCell and also the two configured SCells. Therefore UE shall derive its UL transmit timing based on PCell. This means there is no impact on UE trabsmit timing requirements. 
· Proposal # 3: 3 DL/1 UL CA has NO impact on existing UE transmit timing requirements in section 7.1.1.
3.4 RLM requirements
The RLM is performed by only PCell as stated in section 7.6.1:

The UE shall monitor the downlink link quality based on the cell-specific reference signal in order to detect the downlink radio link quality of the PCell as specified in [3].

The UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the PCell.
Therefore RLM is unaffected by 3 DL/1UL CA. 

· Proposal #4: 3 DL/1 UL CA has NO impact on existing UE transmit timing requirements in section 7.6.
3.5 SCell activation and deactivation Delay
It is stated in section 7.7.1:
This section defines requirements for the delay within which the UE shall be able to activate a deactivated SCell and deactive an activated SCell in E-UTRA carrier aggregation. The requirements are applicable to an E-UTRA carrier aggregation capable UE which has been configured with the downlink SCell. The requirements shall apply for both E-UTRA FDD and TDD.

The current requirements are applicable to a UE configured with one DL SCell. For 3 DL/1 UL CA, RAN4 has to also define SCell activation and deactivation requirements for the second SCell i.e. when the UE is configured with 2 DL SCells. 
We believe the existing requirements can be reused also for the second DL SCell. However some clarfification is needed in section 7.7.
· Proposal #5: 3 DL/1 UL CA has an impact on existing SCell activation and deactivation requirements in section 7.7. The requirements need to be extended to second SCell when the UE is configured with 2 DL SCells.
3.6 Interruptions with Carrier Aggregation

It is stated in section 7.8.1:
This section contains the requirements related to the interruptions on PCell that are allowed for a E-UTRA CA capable UE when its SCell is configured, deconfigured, activated or deactivated.
The current interruption requirements are applicable to only PCell since the UE has only one SCell. They consist of:

· Interruption time on PCell due to configuration, deconfiguration, activation or deactivation of SCell
· Packet loss rate on PCell in terms of missed ACK/NACK due to measurement on cells of SCC with deactivated SCell
For 3 DL/1 UL CA RAN4 has to additionally define the following:

· Interruption requirements also for an activated SCell when another SCell is configured, deconfigured, activated or deactivated. The current interruption requirement can likely be reused for the activated SCell but it still needs further investigation.
· Packet loss rate on an activated SCell due to measurements on cells of the second SCC with deactivated SCell. Most likely the current requirements (i.e. 0.5% probability of missed ACK/NACK when the configured measCycleSCell is 640ms or longer) could apply but it still needs further investigation. 
· Packet loss rate on PCell due to measurements on cells of both SCCs when both have deactivated SCell (i.e. 0.5% probability of missed ACK/NACK when measCycleSCell is 640ms or longer).
· Proposal #6: 3 DL/1 UL CA has considerable impact on existing interruption requirements in section 7.8. Interruption requirements for SCell and additional PCell interruption requirements need to be defined.
3.7 Capabilities for Support of Event Triggering and Reporting Criteria
The following notes are stated in Table 8.2.2-1:

	Note 1:
When the UE is configured with SCell carrier frequency, Ecat for Intra-frequency is applied per serving frequency.
Note 2:
When the UE is configured with SCell carrier frequency, the UE shall be capable of supporting at least 2 reporting criteria for all RSTD measurements configured to be performed on PCell carrier frequency, SCell carrier frequency and inter-frequency carrier. This requirement applies when there is a single on-going LPP OTDOA location session.


The current intra-frequency requirements for support of event triggering and reporting criteria are defined per serving carrier for up to 1 SCC. Most likely the same requirements per serving carrier will apply also when UE is configured with 2 SCCs, though this needs further investigation. This also depends upon the measurement requirements defined for the second SCC. 
In any case these requirements need to be updated.

· Proposal #7: 3 DL/1 UL CA will require some update to the existing requirements for support of event triggering and reporting criteria in section 8.2. 
3.8 Impact on mobility related requirements

The following is stated in section 8.3.1:

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 two downlink CCs and one uplink CC for inter-band carrier aggregation, or

-
up to two downlink CCs and one uplink CC for intra-band non-contiguous carrier aggregation.

Non configured frequencies may be measured with measurement gaps according to the requirements in clause 8.1.2.3 (E-UTRAN inter frequency measurements). Requirements in this clause are applicable to both FDD and TDD carrier aggregation.
The cell identification, RSRP and RSRQ requirements are therefore defined for PCC and one SCC. For SCC these requirements are defined with activated SCell and deactivated SCell.
The network may have to change any of PCell, SCell, PCC or SCC e.g. based on signal quality. Therefore measurements are needed on cells of both PCC and both SCCs. Since 3 DL/1UL CA UE has an additional RF and baseband chain for the second SCC, we therefore suggest that the mobility requirements without measurement gaps are also specified for the second SCC. It can be further studied if the current requirements for the SCC can also be extended to the second SCC.   
· Proposal #8: 3 DL/1 UL CA will impact the existing measurement requirements for CA in sections 8.3 and 9.1.11. It is proposed that requirements for second SCC are specified without measurement gaps. Details are FFS.
3.9 Positioning related measurements
3.9.1 Impact on UE Rx-Tx time difference requirements

The UE Rx-Tx time difference measurement involves measurement on both DL and UL. Since 3 DL/1UL CA involves only PCell in UL, therefore additional DL SCC does not impact UE Rx-Tx time difference measurement requirements.

· Proposal #9: 3 DL/1 UL CA has NO impact on existing UE Rx-Tx time difference requirements in sections 8.1.2.7 and 9.1.9.
3.9.2 Impact on RSTD requirements

The current RSTD requirements in CA are applicable to CA with 1 SCC as stated in section 8.4.1: 

This clause contains RSTD measurement 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 one downlink SCell. Non-configured frequencies may be measured with measurement gaps according to the requirements in clause 8.1.2.6, i.e., E-UTRAN inter-frequency RSTD measurement period applies. Requirements in this clause are applicable for both FDD and TDD.
As briefly discussed in an earlier contribution in [3] that any extension of RSTD requirements to 3 DL/1UL CA should be followed by the progress of mobility related requirements. Therefore we suggest that the RSTD requirements for the second SCC should be addressed after the work on mobility requirements has progressed. The RSTD requirements are preferably analyzed under the SI on positioning enhancement [4].

· Proposal #10: 3 DL/1 UL CA has impact on existing RSTD requirements for CA in section 8.4 and 9.1.12. The RSTD requirements for 3 DL/1 UL CA are addressed after progress on corresponding measurement requirements.  
4. Summary
In this paper we have briefly discussed the impact of 3 DL/1 UL CA on RRM requirements. The following has been identified and way forward is proposed for further studies:
·  Proposal # 1: 3 DL/1 UL CA has NO impact on existing HO requirements in section 5.
· Proposal # 2: 3 DL/1 UL CA has NO impact on existing requirements on RRC connection control in section 6.
· Proposal # 3: 3 DL/1 UL CA has NO impact on existing UE transmit timing requirements in section 7.1.1.
· Proposal #4: 3 DL/1 UL CA has NO impact on existing UE transmit timing requirements in section 7.6.
· Proposal #5: 3 DL/1 UL CA has an impact on existing SCell activation and deactivation requirements in section 7.7. The requirements need to be extended to second SCell when the UE is configured with 2 DL SCells.
· Proposal #6: 3 DL/1 UL CA has considerable impact on existing interruption requirements in section 7.8. Interruption requirements for SCell and additional PCell interruption requirements need to be defined.
· Proposal #7: 3 DL/1 UL CA will require some update to the existing requirements for support of event triggering and reporting criteria in section 8.2. 
· Proposal #8: 3 DL/1 UL CA will impact the existing measurement requirements for CA in sections 8.3 and 9.1.11. It is proposed that requirements for second SCC are specified without measurement gaps. Details are FFS.

· Proposal #9: 3 DL/1 UL CA has NO impact on existing UE Rx-Tx time difference requirements in sections 8.1.2.7 and 9.1.9.
· Proposal #10: 3 DL/1 UL CA has impact on existing RSTD requirements for CA in section 8.4 and 9.1.12. The RSTD requirements for 3 DL/1 UL CA are addressed after progress on corresponding measurement requirements.  
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