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1 Introduction

In RAN#66, it is agreed to investigate the support of PUCCH on SCell for CA UEs:
1. For Rel-12 CA configurations, specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation.

· Develop the physical layer specifications for PUCCH on SCell based on the UCI mechanism for Dual Connectivity (i.e., PUCCH is configured simultaneously on PCell and one SCell) and based on the UCI signalling formats on PUCCH defined for Rel-12 CA configurations [RAN1 until RAN#68].

· Identify and specify required L2/L3 functions and procedures to support PUCCH on SCell for the UE [RAN2].

In this contribution, the possible functions/considerations of a PUCCH on a SCell are listed and a way forward is proposed for each one of them. 
2 Discussion
2.1 Characteristics of PUCCH on SCell

In Rel-12, PUCCH on SCell was discussed in RAN 1 and the PUCCH on SCell can carry HARQ-ACK feedback and CSI. Other functions/considerations were also discussed but not concluded. The following lists the possible functions/considerations that may be required for PUCCH on SCell.
1. SR transmission
2. Always activated

3. RLM/RLF

4. RACH

5. PHR
6. Security and system information

2.1.1 SR transmission

SR is used for requesting UL-SCH resources for new transmission. It is normally triggered by a regular BSR while there is no UL grant configured. We see some benefits of having the SR transmissions also in PUCCH on SCell to relieve on the PUCCH resource usage on the PCell. Since RAN 1 has already agreed to include CQI and HARQ-ACK for the PUCCH on SCell, it seems quite a small extension to also include SR transmission to the PUCCH on SCell (i.e. UCI for the PUCCH on SCell).

Proposal#1: PUCCH on SCell should also carry SR transmission.
2.1.2 Always activated
In Rel-10 CA and in Rel-12 DC, the cell that carries the PUCCH (i.e. PCell for CA and pSCell for DC) is always activated. It is clear that this is needed for PCell so that control signalling (e.g. MAC activation/deactivation command, handover command etc.) can still be provided to the UE during DRX on period. As in the case of DC, SeNB is an independent eNB to the MeNB and may carry traffic of its own radio bearer of the UE (in the case of architecture 1A) and it should have its own control of the Scells under its control since it knows best when to allow the UE to perform power saving. In order to do that, the pSCell has to be always activated in order to be able to send the user plane control signalling. On the other hand with PUCCH on SCell, it is within the same eNB and there will be PCell or pSCell to handle the control signalling. Hence in our view, deactivation should still be applied for the SCell carrying the PUCCH for UE power saving reason. 
Furthermore, if the SCell needs to be always activated by the eNB for whatever reason, it can be done in an implementation manner to keep the SCell with PUCCH always activated (by disabling the associated ScellDeactivationTimer and not sending explicit MAC Deactivation command for the SCell with PUCCH).
Proposal#2: It should be possible to deactivate Scell with PUCCH like any SCell today.
Since PUCCH on SCell can be deactivated, UE behaviour has to be specified on the activation/deactivation state of the SCell that depends on the PUCCH of the SCell. The following is some possible behaviour:
a. Activation/deactivation status of the SCells associated with the SCell with PUCCH is autonomously deactivated by the UE or explicitly deactivated by the eNB via MAC Activation Command
b. UE sssumes that aperiodic CSI reporting should be used and the HARQ ACK of Scells are piggybacked on the PUSCH

c. Fallback to the PUCCH on PCell

(a) seems to be the simplest approach. The autonomous deactivation can be used when the implicit deactivation timer expires (i.e. No explicit deactivation is used) resulting in the deactivation of the SCell with PUCCH. On the other hand, if explicit deactivation is used, the eNB can deactivate the SCell with PUCCH and its associated SCells in the same MAC Activation Command. .
(b) allows the UE to operate on its own without PUCCH but if the UE is already configured with periodic CSI reporting, it will require an autonomous release of the configuration. Furthermore, existing piggybacking PUSCH mechanism is for the case where there is simultaneous HARQ ACK with PUSCH for UEs not supporting simultaneous PUCCH and PUSCH.
(c) is only possible if the PUCCH on PCell can handle the extra SCell on it. With the increased number of CCs, the PUCCH on PCell may not have sufficient bits to handle further SCell unless it is decided by RAN 1 that PUCCH can handle up to 32 CCs.
Hence the simplest approach is to go with (a):

Proposal#3: When SCell with PUCCH is deactivated implicitly or explicitly, the UE autonomously deactivates the SCell associated with the SCell with PUCCH.
2.1.3 RLM/RLF

In Rel-10, extensive discussion has been made on whether RLM is needed for SCell and the agreement is that RLM is not needed since the UL transmission on SCell can be stopped quickly by eNB via deactivation of the SCell. Hence autonomous stopping of the UL transmission triggered by UE is not required.

In Rel-12 DC, it is agreed that the pSCell requires RLM. The agreement is based on the fact that there is a non-ideal backhaul between the MeNB and SeNB and hence the SeNB cannot deactivate its SCell fast enough to stop the UL transmissions from the SCell of the eNB.
Since PUCCH on SCell is on the same eNB, the Rel-10 agreement should apply (i.e. there is no need of RLM). Without RLM on SCell with PUCCH, there is no need for RLF detection and recovery mechanism.

Hence it is proposed that:

Proposal#4: PUCCH on SCell should not have RLM/RLF, which aligns with the current CA SCell.

2.1.4 RACH
RACH is performed on the SCell in the case of multiple time alignment and is initiated upon receiving the PDCCH order from the eNB for the SCell in sTAG. The same can be applied to the SCell with PUCCH if time alignment needs to be performed from the SCell with PUCCH. Another function of RACH is to act as a synchronisation point or activation time. Such activation point may be needed for configuring the PUCCH on the SCell and change of the SCell with PUCCH. Alternatively, an intra-cell handover (on the PCell) can be used again as the synchronisation point for changing of the SCell with PUCCH or to change the cell association from the PCell PUCCH to the SCell PUCCH and vice versa. 
Observation#1: There is no need to perform RACH on the SCell with PUCCH other than for time alignment.

Proposal#5: No additional requirement for RACH on SCell with PUCCH is identified; currently with Rel-11 CA, it is required to perform time alignment in sTAG.
2.1.5  PHR
With PUCCH on SCell, there is also a need to include Type 2 power headroom for the SCell if simultaneousPUCCH-PUSCH is configured for the band combination. There is a need to include this in the PHR procedure text as well as a possible impact to the PHR MAC format (the format change may also depend on the format change due to the increase in the number of CCs).
Proposal#6: PHR procedure needs to be extended to take into consideration of PUCCH on SCell. Any PHR MAC format change should be discussed together with the increase in number of CCs.
2.1.6 Security and system information

No change is foreseen on the security handling and the system information broadcast of the SCell. Security handling should be based on the PCell while the system information broadcast of the SCell is handled via dedicated RRC signalling as in Rel-10 CA.

Observation#2: No change is foreseen on the security handling and the system information broadcast of the SCell with PUCCH on SCell.

2.2 Linkage of the SCell to PUCCH on PCell or SCell

In Rel-10, the UCI of the SCell is always linked with the PUCCH on PCell by default. With PUCCH on SCell, a SCell may be linked to a SCell rather than PCell. A new linkage between a SCell to its PUCCH can be configured in the ASN.1 for each of the SCell configuration.
The question next is its relationship to cross-carrier scheduling, time-alignment group and DC group. From the current specification, cross-carrier scheduling can only be possible within a time-alignment group and the time-alignment group cannot cross the DC group (i.e. SCG or DCG). Currently, it is possible for SCell to perform cross-carrier scheduling other Scells and the PUCCH on PCell can still be used for carrying CQI/HARQ ACK for those Scells. Hence we should continue to align with this. For the relationship with time-alignment group and DC group, it seems logical to keep the new linkage within a time-alignment group and DC group since the same UL timing is needed for the PUCCH.
Proposal#7: A new linkage between a SCell to its PUCCH (on Pcell or Scell) can be configured by dedicated RRC signalling.
Proposal#8: Cross carrier scheduling can be performed for SCell linked to different PUCCH.
Proposal#9: SCells linked to a PUCCH on SCell has to be in the same time-alignment group and DC group of the SCell with the PUCCH. 

Proposal#10: PUCCH on SCell should be supported in both SCG and MCG in dual connectivity and both pTAG and sTAG in multiple timing advance.  
3 Conclusion

It is recommended that RAN 2 discusses the following observation and proposal:
Proposal#1: PUCCH on SCell should also carry SR transmission.
Proposal#2: It should be possible to deactivate Scell with PUCCH like any SCell today.

Proposal#3: When SCell with PUCCH is deactivated, the UE autonomously deactivates the SCell associated with the SCell with PUCCH.

Proposal#4: PUCCH on SCell should not have RLM/RLF, which aligns with the current CA SCell.

Proposal#5: No additional requirement for RACH on SCell with PUCCH is identified; currently with Rel-11 CA, it is required to perform time alignment in sTAG.
Proposal#6: PHR procedure needs to be extended to take into consideration of PUCCH on SCell. Any PHR MAC format change should be discussed together with the increase in number of CCs.
Observation#2: No change is foreseen on the security handling and the system information broadcast of the SCell with PUCCH on SCell.

Proposal#7: A new linkage between a SCell to its PUCCH (on Pcell or Scell) can be configured by dedicated RRC signalling.

Proposal#8: Cross carrier scheduling can be performed for SCell linked to different PUCCH.

Proposal#9: SCells linked to a PUCCH on SCell has to be in the same time-alignment group and DC group of the SCell with the PUCCH.

Proposal#10: PUCCH on SCell should be supported in both SCG and MCG in dual connectivity and both pTAG and sTAG in multiple timing advance.  
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