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1. Introduction
The WI of LTE Carrier Aggregation Enhancement Beyond 5 Carriers approved in RAN #66 plenary meeting has the following three objectives.

· For Rel-12 CA configurations, specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation [RAN1 and RAN2].
· Specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL, including [RAN1 and RAN2].
· Specify the necessary (if any) eNB and UE core requirements [RAN4].
In the February meeting, RAN1 and RAN2 started discussing the above objectives. In this contribution, based on the work plan proposed in RAN # 67 plenary meeting, we discuss the possible impact of PUCCH on SCell on the RRM core requirements based on the current RAN1 and RAN2 status. As a result, we identify at least there is an impact on a Timing and signalling characteristics aspect where especially, we discuss the SCell activation requirements.
2. Potential impact on RRM core requirements
At the RAN1#80 meeting and the RAN2#89 meeting, RAN1 and RAN2 discussed PUCCH carried by SCell, respectively. The agreements of RAN1 and RAN2 are copied for reference in Annex [1, 2]. Main agreement is that there will be at most two PUCCHs for up to 5 CCs. One is always on the PCell and the other can be on the SCell. In addition, there are some agreements which may have the impact on the RRM core requirements. In this section, based on these RAN1 and RAN2 agreements and status, we discuss the potential impact of PUCCH carried by SCell on RRM core requirements.
We summarize the potential impact of PUCCH carried by SCell on RRM core requirements in Table 1.

Table 1: Summary of the potential impact of PUCCH carried by SCell on RRM core requirements

	Requirements
	RAN1/2 state
	RAN4 impact
	Comments

	Section 4: E-UTRAN RRC_IDLE state mobility
	

	
	All requirements
	No discussion
	No
	No relation with SCell carrying PUCCH

	Section 5:E-UTRAN RRC_CONNECTED state mobility
	

	
	All requirements
	No discussion
	No
	 No relation with SCell carrying PUCCH

	Section 6:RRC Connection Mobility Control
	

	
	Random Access
	Discussed
	No
	It was agreed that the contention based random access cannot be carried out on SCell carrying PUCCH as SCell not carrying PUCCH.

	
	Other requirements
	No discussion
	No
	The other requirements in Sec. 6 are no relation with SCell carrying PUCCH.

	Section 7: Timing and signalling characteristics
	

	
	UE transmit timing
	No discussion
	No
	So far, no RAN1/2 agreements related to this.

	
	Radio Link Monitoring
	Discussed
	No
	It was agreed that the SCell carrying PUCCH did not support RLM as SCell not carrying PUCCH did not.

	
	SCell activation and deactivation delay
	Discussed
	YES
	PUCCH carried by SCell may have impact on the activation requirements for SCell in sTAG.

	
	Maximum Transmission Timing Difference in Carrier Aggregation
	No discussion
	No
	So far, no RAN1/2’ agreements related to this.

	
	Interruptions with RSTD Measurements with Carrier Aggregation
	No discussion
	No
	So far, no RAN1/2’ agreements related to this.

	
	Other requirements
	No discussion
	No
	The other requirements in Sec.7 are not related to SCell carrying PUCCH.

	Section 8: UE Measurements Procedures in RRC_CONNECTED State
	

	
	All requirements
	No discussion
	No
	So far, no RAN1/2 agreements related to this.


With regard to SCell activation and deactivation delay, it was agreed that SCell carrying PUCCH should support activation and deactivation. When the UE activates the deactivated SCell, the UE shall complete the activation within the requirements and shall transmit the valid CQI report. Since CQI report is transmitted via PUCCH, the activation procedure for SCell carrying PUCCH may not be the same for SCell not carrying PUCCH as will be discussed in section 3 in this contribution. The detail of activation procedure for SCell carrying PUCCH will be discussed in RAN2 #90 meeting. It, therefore, would depend on the RAN2 final agreements whether PUCCH carried by SCell has impact on the activation requirements or not. Based on the above analysis, our observations are as below. 

Observation 1: PUCCH carried by SCell has no impact on the RRM core requirements expect for the activation requirements if no more agreements in RAN1 and RAN2 are made.

3. Discussion on activation requirement for SCell carrying PUCCH
In this section, first we analyze the detail of the activation procedure for SCell carrying PUCCH and the impact on the delay requirement caused by it. Next we discuss the potential solutions and related delay requirements for the activation of SCell carrying PUCCH.
3.1. Activation time line

In the Rel-12 RAN1 spec, it is specified that when UE receives an activation command for an SCell at subframe#n, the UE shall activate the SCell by subframe#n+X where X is specified in RAN4. This means eNB cannot know the exact UE’s activation timing and should detect UE’s SCell activation by reception of valid CQI on PCell. However, in case of SCell carrying PUCCH, UE does not transmit CQI for the SCell on PCell which may cause different scheduling delay of the SCell carrying PUCCH. We analyze the impact of the delay on the associated requirements below:

Case1: SCell carrying PUCCH is in pTAG

In this case, UL on the SCell carrying PUCCH refers to the UL timing and TA timer associated to pTAG.
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Figure 1: Scheduling timing of PUCCH SCell (pTAG)

In case of PUCCH carried by PCell, upon reception of the activation command, UE starts CQI reporting for the SCell at subframe#n+8 and the valid CQI will be reported if the SCell is actually activated. On the other hand, in case of PUCCH carried by SCell, upon reception of the activation command, UE cannot report CQI for the SCell until the UE actually activates the SCell. However, eNB can detect the SCell carrying PUCCH activation by detecting the CQI report for the SCell  from UE and simultaneously start DL/UL scheduling. Thus, there is no additional scheduling delay.

Observation 2: In case of SCell carrying PUCCH in pTAG, there is no additional scheduling delay.
Case2: PUCCH SCell is in sTAG

In this case, UL on the SCell carrying PUCCH refers to the UL timing and TA timer associated to sTAG.
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Figure 2: Scheduling timing of PUCCH SCell (sTAG)

In case of PUCCH carried by PCell, eNB can start DL scheduling after detection of valid CQI for the SCell and start UL scheduling after the completion of RA procedure on the SCell. On the other hand, in case of PUCCH carried by SCell, eNB does not have any means to know the UE’s activation timing for the SCell since UE does not perform PUCCH transmission on SCell carrying PUCCH due to UL un-sync. Thus, eNB has to wait for the maximum delay specified in RAN4 to start DL scheduling on/for SCell carrying PUCCH. In this case, the advantage of the UE implementation with less activation delay cannot be fully utilized in the network.
Observation 3: In case of SCell carrying PUCCH in sTAG, there will be additional scheduling delay and the advantage of good UE implementation cannot be utilized if the requirements are specified based on the current relevant requirements.
3.2. Potential solutions and related activation requirements
In order to resolve the scheduling delay described above, in RAN2#90 meeting, the following potential solutions are discussed [3]: 

· Alt1: UE temporarily reports SCell CQI on PCell until UL sync of the SCell established

· UE reports SCell CQI on PCell until UL sync of SCell is established. Then, UE switches the serving cell to report CQI from PCell to PUCCH SCell immediately upon UL sync establishment.

· Alt2: Trigger RA procedure on SCell carrying PUCCH via other Cell

· Alt2a: Cross Carrier PDCCH order from other serving cell
· eNB transmits PDCCH order via other serving cell and UE triggers RA preamble transmission upon activation of SCell carrying PUCCH.

· Alt2b: New MAC CE to trigger RA procedure

· eNB transmits MAC CE to trigger RA procedure on the SCell carrying PUCCH and UE triggers RA preamble transmission upon activation of SCell carrying PUCCH. 

This means that the detail of the activation procedure of SCell carrying PUCCH in the sTAG may be different from the legacy SCell activation procedure. In other words, RAN4 may need to consider the new activation delay requirement for SCell carrying PUCCH. Although the possible solutions have been still discussed in RAN2, in order to make better progress on this topic, we analyze the activation delay requirements for Alt1 and Alt2 in advance.
With regard to Alt1, since the UE reports SCell CQI on PCell, the activation delay of SCell carrying PUCCH can be the same as that of legacy SCell activation. With regard to Alt 2, the UE has to start transmitting the RA preamble on SCell carrying PUCCH immediately after completing the activation. Since this procedure is similar to that of PSCell addition in Dual Connectivity, we can consider the activation delay requirements of Alt 2 based on that of PSCell addition. Note that since the difference between Alt 2a and Alt 2b is only the way to trigger RA procedure, the delay requirement for Alt 2a or Alt 2b would be same.
Observation 4: If the activation procedure of SCell carrying PUCCH in the sTAG is based on Alt 1, there is no impact on the current activation delay requirement. 

Observation 5: If it is based on Alt 2, the new activation delay requirement can be considered based on that of PSCell addition in DC. 
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Figure 3: Possible activation delay requirement of SCell carrying PUCCH in the sTAG

Figure 3 shows a delay requirement in case of Alt 2. Based on the requirement of PSCell addition in DC, the possible activation delay requirement of SCell carrying PUCCH in the sTAG is as below. 

· Time from (1) to (2): SCell activation delay, 24ms in known SCell case and 34ms in un-known SCell case.

· Time from (2) to (3): SFN acquisition delay, up to 50ms.

· Time from (3) to (4): Delay uncertainty in acquiring the first available PRACH occasion in the SCell, up to 30ms.
Note that, unlike the DC, if PCell PRACH occurs at the same timing of SCell PRACH in CA, the UE behavior is up to UE implementation. This means that we do not need to consider the delay uncertainty due to PCell PRACH preamble transmission. Based on the above analysis, our proposals are as below.
Proposal 1: If RAN2 agree Alt 2 as the activation procedure of SCell carrying PUCCH in the sTAG, the activation delay requirement should be specified based on Figure 3.

4. Conclusion

In this contribution, based on the work plan proposed in RAN # 67 plenary meeting, we discussed the possible impact of PUCCH on SCell on the RRM core requirements based on the current RAN1 and RAN2 status. As a result, we identified at least there was an impact on a Timing and signalling characteristics aspect where especially, we discussed the SCell activation requirements. 
We summarized the potential impact of PUCCH carried by SCell on RRM core requirements in Table 1. Our proposals and observations are as below;
Table 1: Summary of the potential impact of PUCCH carried by SCell on RRM core requirements

	Requirements
	RAN1/2 state
	RAN4 impact
	Comments

	Section 4: E-UTRAN RRC_IDLE state mobility
	

	
	All requirements
	No discussion
	No
	Requirements in Sec.4 are not related to SCell.

	Section 5:E-UTRAN RRC_CONNECTED state mobility
	

	
	All requirements
	No discussion
	No
	Requirements in Sec.5 are not related to SCell.

	Section 6:RRC Connection Mobility Control
	

	
	Random Access
	Discussed
	No
	It was agreed that the contention based random access cannot be carried out on SCell carrying PUCCH as SCell not carrying PUCCH.

	
	Other requirements
	No discussion
	No
	The other requirements in Sec.6 are not related to SCell.

	Section 7: Timing and signalling characteristics
	

	
	UE transmit timing
	No discussion
	No
	At this moment, there are no RAN1/2 agreements related to this.

	
	Radio Link Monitoring
	Discussed
	No
	It was agreed that the SCell carrying PUCCH did not support RLM same as SCell not carrying PUCCH.

	
	SCell activation and deactivation delay
	Discussed
	YES
	PUCCH carried by SCell may have impact on the activation requirements for SCell in sTAG.

	
	Maximum Transmission Timing Difference in Carrier Aggregation
	No discussion
	No
	At this moment, there are no RAN1/2’ agreements related to this.

	
	Interruptions with RSTD Measurements with Carrier Aggregation
	No discussion
	No
	At this moment, there are no RAN1/2’ agreements related to this.

	
	Other requirements
	No discussion
	No
	The other requirements in Sec.7 are not related to SCell.

	Section 8: UE Measurements Procedures in RRC_CONNECTED State
	

	
	All requirements
	No discussion
	No
	At this moment, there are no RAN1/2’ agreements related to this.


Observation 1: PUCCH carried by SCell has no impact on the RRM core requirements expect for the activation requirements if no more agreements in RAN1 and RAN2 are made.

Observation 2: In case of SCell carrying PUCCH in pTAG, there is no additional scheduling delay.

Observation 3: In case of SCell carrying PUCCH in sTAG, there will be additional scheduling delay and the advantage of good UE implementation cannot be utilized if the requirements are specified based on the current relevant requirements.

Observation 4: If the activation procedure of SCell carrying PUCCH in the sTAG is based on Alt 1, there is no impact on the current activation delay requirement. 

Observation 5: If it is based on Alt 2, the new activation delay requirement can be considered based on that of PSCell addition in DC. 

Proposal 1: If RAN2 agree Alt 2 as the activation procedure of SCell carrying PUCCH in the sTAG, the activation delay requirement should be specified based on Figure 3.
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Annex

RAN1 agreements at the RAN1#80 meeting of PUCCH on SCell are copied below [1].
	Agreements:
· For Rel.12 CA configurations, set the agreements for PUCCH on SCell achieved during the Rel.12 DC WI as the baseline

· PUCCH transmission on 2 serving cells is realized by the following methods:

· On the PCell for SCells in PUCCH cell group 1

· On one SCell configured by higher-layer signaling to carry PUCCH for SCells in PUCCH cell group 2 
· One SCell can only belong to one PUCCH cell group

· One of the two serving cells is PCell

· FFS: No cross-carrier scheduling between cells in different PUCCH cell groups

· PUCCH on SCell can carry HARQ-ACK and CSI
· PUCCH on SCell-only (i.e., no PUCCH on PCell) is not supported in Rel.13
· In addition, following details are agreed.

· For PUCCH on SCell, 

· RRC parameters for SCell PUCCH PC are independent from those of PCell PUCCH.

· TPC command for PUCCH on SCell is transmitted in DCI(s) on the SCell carrying the PUCCH.

· UE procedure on PUCCH transmission is independent between cell groups.

· Determination of DL HARQ-ACK timing

· PUCCH resource determination for HARQ-ACK and/or CSI

· Higher-layer configuration of simultaneous HARQ-ACK + CSI on PUCCH

· Higher-layer configuration of simultaneous HARQ-ACK + SRS in one subframe
· Continue discussion in RAN1 to resolve following FFS aspects.

· The need for UEs to monitor common search in the SCell carrying PUCCH
· Pathloss estimate for PUCCH carried by an SCell in the case when the UE is configured with a single TAG or PUCCH Scell is within pTAG in case of multiple TAGs configuration is:

· Alt.1: always based on the RSRP in the SCell carrying the PUCCH

· Alt.2: configurable either based on PCell or based on RSRP in the SCell carrying the PUCCH

· Alt.3: determined by RAN2 – ask RAN2 about the need/feasibility of this configurability

· PHR configuration

· Alt.1: Type 2 PHR for an SCell carrying PUCCH is included in the PHR

· Alt.2: Type 2 PHR for an SCell carrying PUCCH is not included in the PHR

· Application of DCI format 3/3A to the PUCCH on SCell
· SR on SCell


	Agreements:
· On the UL power control for Rel-13 CA with PUCCH on one Scell, the followings are adopted
· In the power-limited case, power scaling is applied based on UCI type priority as in Rel-12 Dual connectivity, i.e., PRACH > HARQ-ACK = SR > CSI > PUSCH without UCI > SRS, with following exception and FFS
· Exception: minimum guaranteed power for each CG is not supported
· FFS: whether the CG with Pcell is prioritized over the CG with Scell only, in case when same UCI type is collided between CGs
· FFS: whether aperiodic CSI and periodic CSI have same priority


RAN2 agreements at the RAN2#89 meeting of PUCCH on SCell are copied below [2].
	Agreements
1
In accordance with RAN1 agreements there will be at most two PUCCHs (of which one is always on the PCell) for up to 5 CCs. 
FFS how many PUCCHs will be supported for more than 5 CCs. 
2
PUCCH SCells and the mapping of other SCells to those are configured by RRC
3
We aim to support all the scenarios listed in R2-150372 unless severe issues are identified. 
4
PUCCH groups shall not simultaneously comprise cells of MCG and SCG
(We don’t optimize for the combination of DC and PUCCH on SCell)
5
PUCCH SCell does not support RLM. The eNB is assumed to detect bad UL or DL channel conditions and to reconfigure the UE as needed. 
7
Activation/Deactivation should be supported for PUCCH SCell.
7a
While PUCCH SCell is deactivated, the other SCells belonging to that PUCCH SCell should not be activated. The eNB can manage the activation/deactivation status properly, i.e., no additional UE based mechanism is needed.
8
RAN2 assumes that the UE reports a type 2 PHR for all serving cells configured with PUCCH. The MAC CE format is FFS. 
8a
For PHR no new triggers are needed. 
9
PUCCH on SCell has no impact on Random Access (no CB RA on PUCCH SCell)

FFS whether SR is supported on PUCCH SCell
FFS whether the UE does not apply the SCell deactivation timer to a PUCCH SCell.
FFS: When PUCCH on an SCell is configured, the PUCCH SCell shall be initially deactivated and then explicitly activated by the eNB.
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