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1 Introduction

In RAN#66 meeting, a work item [1] on Carrier Aggregation (CA) Enhancements beyond 5 Carriers was approved. One objective of this WI is as follows:

For Rel-12 CA configurations, specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation:

Develop 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.
During the Dual Connectivity (DC) WI [2] in Rel-12, RAN1 has discussed the physical layer functionalities required for the operation of DC, and following UCI feedback mechanisms were agreed for Rel-12 DC.
· In dual connectivity, UEs feedback UCI (SR, HARQ-ACK, CSI) related to MCG to MeNB only
· In dual connectivity, UEs feedback UCI (SR, HARQ-ACK, CSI) related to SCG to SeNB only
· For each UCI feedback, non-dual connectivity based UCI feedback mechanisms using PUCCH/PUSCH are applied within each cell group
· In dual connectivity, in MCG, PUCCH for MCG is supported in Pcell only, while PUCCH for SCG is supported in pSCell only
· In SCG, the UCI transmission rules as in Rel-11 are supported, with the Pcell replaced by the pSCell:

· Physical channel (PUCCH or PUSCH) in which UCI is transmitted

· Selection of the cell in which UCI is transmitted in case of UCI on PUSCH

· Selection of PUCCH resources for HARQ-ACK

· Periodic CSI dropping rules

· Handling of UCI combinations

· HARQ-ACK timing and multiplexing
Furthermore, under the same WI, RAN1 has made some progress on supporting SCell PUCCH for CA as depicted by the following agreements. 
Agreements in RAN1#77 [3]:
· If PUCCH on Scell for CA is supported,

· PUCCH transmission on two serving cells in CA is realized by following methods:
· On the PCell for SCells in PUCCH cell group 1
· On one SCell configured 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

· PUCCH on Scell only for CA is not supported in Rel-12

· PUCCH on two serving cells in CA is not supported within MeNB or SeNB
· PUCCH on SCell with CA is realized by following methods:
· No cross-carrier scheduling between cells in different PUCCH groups
· FFS: How PUCCH power control will be supported
· PUCCH on SCell can carry HARQ-ACK feedback and CSI
· Ask RAN2 whether SR is necessary on SCell
· Whether new terminologies PUCCH cell group 1 and 2 are introduced or not is up to RAN2

· FFS: Meaning of simultaneous PUCCH/PUSCH transmission capability bit introduced in Rel-10 will be not changed

However, due to the limited time schedule in Rel-12, PUCCH on SCell was dropped from the DC WI. Nevertheless, these agreements on SCell PUCCH for CA could still be optimised under current WI considering DC related agreements as well as CA enhancements beyond five carriers. 
In this contribution, we discuss the mechanisms required to support PUCCH on SCell for CA while considering mechanisms agreed during Rel-12 DC WI as the baseline.  
2 Discussion
 As mentioned above, one of the objectives of the WI is to specify the support of PUCCH on SCell for UEs supporting UL CA, for Rel-12 CA configurations. Table 1 summarises the Rel-12 supported CA configurations.

Table 1: Rel-12 supported CA Configurations
	Configuration
	Description

	Aggregation of up to 5CCs of same timing advance
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- Same frame structure or different frame structure (TDD-FDD CA) are supported

-  PUCCH only on PCell

- CCs can be intra-band or inter-band

- In TDD, inter-band CA with different UL-DL configurations are supported

- Cross carrier scheduling is supported.

	Aggregation of up to 5CCs of multiple timing advance
	[image: image2.emf]Pcell SCell 1

SCell 2

PUCCH

TAG 1

SCell 3 SCell 4

TAG 2


- Cells with same timing advance are grouped together to form a timing advance group (TAG). 

- RA procedure on SCell is possible for TA update

- PUCCH only on PCell

- Same frame structure or different frame structure are possible.

- Cross carrier scheduling is supported

	Aggregation of up to 5CCs in combination with DC
	[image: image3.emf]Pcell SCell 1

TAG 1

SCell 2

TAG 2

PScell

TAG 3

SCell 4

MCG

SCG

PUCCH

PUCCH


- First two scenarios within each cell group are supported with maximum 5 CCs in total.
- Separate PUCCH for PCell (in MCG) and pSCell (in SCG)
- Within a cell group, TDD-FDD CA is possible.

- Cross carrier scheduling is supported within each cell group and there is no cross carrier scheduling across cell groups.


Accordingly, Rel-12 DC WI already supports PUCCH transmission on a special SCell, which is called pSCell. Thus, the concepts in DC may be re-used in SCell PUCCH for CA by cell grouping and configuring one SCell per group to support PUCCH transmission (PUCCH-SCell). For instance, cells can be grouped according to following rules, and these groups can be called ‘PUCCH Cell Group’.

· All CCs need to be grouped in to one of the ‘PUCCH Cell Groups’

· Each PUCCH Cell Group has only one Cell supporting PUCCH transmission. i.e., PUCCH Cell group containing the PCell has no other SCell configured with PUCCH transmission, and other PUCCH Cell group has only one SCell configured with PUCCH.

Possible cell grouping alternatives are illustrated in Figure 1. It could be up to RAN2 to decide the mechanism for PUCCH cell grouping (based on TAG or traffic volume etc.) as discussed in a companion contribution [4]. 
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Figure 1: Cell grouping based on SCell PUCCH
Observation 1: Introducing cell grouping based on PUCCH (PUCCH-Cell groups), according to following rules, and configuring one SCell per group to support PUCCH may help to re-use UCI feedback mechanisms agreed for Rel-12 DC in SCell PUCCH for CA.
· All CCs need to be grouped in to one of the ‘PUCCH-Cell Groups’

· Each PUCCH Cell Group has only one Cell supporting PUCCH transmission. i.e., PUCCH Cell group containing the PCell has no other SCell configured with PUCCH transmission, and other PUCCH Cell group has only one SCell configured with PUCCH.
It could be up to RAN2 to decide the mechanism for PUCCH cell grouping.
In the following sections, we look at the layer 2 structure for SCell PUCCH compared with that of DC and the applicability of UCI feedback mechanism in DC for SCell PUCCH assuming PUCCH Cell Groups are configured as described above.

2.1 Brief glance at layer 2 architecture

Here we would like to take a glance at layer 2 architecture though it is a RAN2 topic.
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Figure 2: Layer 2 architecture of dual connectivity [5]
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Figure 3: Layer 2 architecture of carrier aggregation [5] with example application of PUCCH cell group
Note: PSCell is just used to indicate SCell configured with PUCCH for convenience

In Figure 3, an example of PUCCH cell groups are indicated for initial consideration.

Looking at Figure 2 and 3, there could be difference in layer 2 between DC and PUCCH on SCell for CA as follows:

· One MAC entity has one cell group in DC while one MAC entity might have two cell groups in PUCCH on SCell for CA

· One MAC entity has one cell configured with PUCCH in DC while one MAC entity might have two cells configured with PUCCH in PUCCH on SCell for CA

Therefore there might be more specification impact in RAN2 than in RAN1 to reuse concepts of DC for PUCCH on SCell. Therefore, we recommend sending LS to RAN2 as early as possible so that RAN2 may have more time to consider PUCCH on SCell for CA.
Proposal 1: RAN2 specification impact for PUCCH on SCell might be higher than RAN1; therefore, sending LS to RAN2 as early as possible is recommended so that RAN2 may have more time to consider PUCCH on SCell for CA.
2.2 Applicability of UCI mechanism in DC
Applicability of UCI feedback mechanism in DC for SCell PUCCH for CA can be discussed based on following aspects.

2.2.1 UCI that can be transmitted on SCell PUCCH
In LTE, PUCCH is used to transmit UCI that includes scheduling requests (SR), HARQ acknowledgements (HARQ-ACK) and CSI reports. In Rel-12 CA, PUCCH is transmitted only on the PCell. Thus, SR, HARQ-ACK of all CCs and CSI reports of multiple CCs are transmitted in PCell PUCCH. In Rel-12 DC, according to the agreements listed in Section 1, PCell PUCCH carries the UCI (SR, HARQ-ACK, CSI) of the cells in MCG while pSCell PUCCH carries the UCI (SR, HARQ-ACK, CSI)  of the cells in SCG. 
Similarly, for SCell PUCCH, PCell PUCCH may carry UCI of PUCCH Cell Group 1, while SCell PUCCH may carry UCI of PUCCH Cell Group 2. 
Proposal 2: In SCell PUCCH for CA, PCell PUCCH carries UCI of PUCCH Cell Group 1, while SCell PUCCH carries UCI of PUCCH Cell Group 2. 
Support of SR transmission on pSCell in DC is to facilitate transmission of bearers intended for the SCG. Up to Rel-12 CA, there was no requirement to support SR on other than PCell as all bearers are served by a single scheduler within one eNB.  In that perspective, it is not necessary to support SR transmission on SCell PUCCH. 
On the other hand, PUCCH resource for SR is semi-statically assigned to each UE and cannot be shared among UEs. Thus, PUCCH resource for SR could be a burden for the Macro Cell when a lot of small cells are aggregated to the Macro cell and the number of UEs attaching to the macro cell as a PCell of CA becomes large. In this situation, offloading SR resources of certain UEs to the SCell may be beneficial to reduce the burden on the PCell. At the same time, configuring two SR resources for a single UE on both PCell PUCCH and SCell PUCCH would be a waste of UL resources. 
Therefore, we think more discussions are needed on whether SR can be supported on only one PUCCH when more than one PUCCH cell groups are configured for a single UE.
Observation 2: Supporting SR on a single or multiple PUCCH(s) when SCell PUCCH is configured is FFS.
Rel-12 DC supports all UCI formats 1/1a/1b, 2/2a/2b and 3 in pSCell PUCCH. In order to achieve commonality and less specification change, it is desired to support all formats in SCell PUCCH too. In particular, the support of format 1b with resource selection and format 3 will be needed for future extension of CA up to 32 carriers.
Proposal 3: SCell PUCCH may support all Rel-12 UCI formats 1/1a/1b, 2/2a/2b and 3.

2.2.2 Cross Carrier Scheduling (CCS)
In Rel-12 DC, cross carrier scheduling across cell groups is not supported, and pSCell cannot be cross carrier scheduled. Since it is desired to have independent PUCCH cell groups, the same concepts of DC can be applied to SCell PUCCH as well. Then, cross carrier scheduling across PUCCH Cell Groups is not supported, while cross carrier scheduling within PUCCH Cell Group is supported according to Rel-12 cross carrier scheduling rules. This includes the case that the SCell carrying PUCCH in Cell group 2 cannot be cross carrier scheduled by other SCells in the same group. 

Proposal 4: Cross carrier scheduling across PUCCH Cell Groups is not supported, while cross carrier scheduling within PUCCH Cell Group is supported according to Rel-12 cross carrier scheduling rules. The SCell carrying PUCCH in Cell group 2 cannot be cross carrier scheduled by other SCells in the same group.

2.2.3 Transmit Power Control (TPC)

For power control in DC, two new parameters, minimum guaranteed power allocation for MeNB PMeNB and minimum guaranteed power allocation for SeNB PSeNB are defined as ratios of PCMAX, which is the total configured maximum output power of the UE. Since in SCell PUCCH scenario all cells are scheduled by same eNB (only one eNB scheduler), there is no need to have such guaranteed power parameters. 
Observation 3: Minimum guaranteed power allocation used in DC is not needed in SCell PUCCH for CA.

Furthermore, the pSCell power control mechanisms used in DC can be re-used as much as possible for SCell PUCCH. RRC parameters used for SCell PUCCH can be independent from the RRC parameters used for PCell PUCCH and can be configured independently. Furthermore, Path loss estimate is based on the RSRP in the SCell carrying PUCCH. In DC, TPC command for pSCell PUCCH is transmitted in DL assignment(s) and/or DCI 3/3A on the PSCell. Whether this is directly extended to SCell PUCCH or not has to be discussed in RAN1.
Proposal 5:

· SCell PUCCH can re-use the PCell PUCCH power control used in Rel-11 CA. 
· RRC parameters used for SCell PUCCH can be independently configured from PCell PUCCH.

· Path loss estimate is based on the RSRP in the SCell carrying PUCCH

· TPC command transmission for SCell PUCCH should be FFS.
In DC, the UE is allowed to set its configured maximum out power PCMAX,c,k on each serving cell c of CG k, where k is in the set {1,2}, and its total configured maximum output power PCMAX . In SCell PUCCH for CA, we think it is not necessary to have an index k to denote PUCCH Cell group k, and same PCMAX,c used in Rel-11 CA can be applied due to the fact that all PUCCH Cell groups are controlled by the same eNB.
Accordingly, the UE transmit power PPUCCH,c(i) for the PUCCH on cell c in subframe i can be calculated using the same equation as in Rel-11. In this case cell index c belongs to the index of the PCell or the index of the SCell carrying PUCCH.

Observation 4: UE transmit power PPUCCH,c(i) for the PUCCH on cell c in subframe i can be calculated using the same equation as in Rel-11. In this case cell index c belongs to the index of the PCell or the index of the SCell carrying PUCCH. It is not necessary to have a separate index k to denote PUCCH cell group k.
Furthermore, when two PUCCH cell groups are configured with a SCell carrying PUCCH for cell group 2, simultaneous PUCCH transmission on PCell and SCell, and PUSCH transmission may be possible. In these situations, if the total transmit-power of the UE exceeds
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 (in power limited case), it is necessary to have priority rules to allocate power for different channels. These situations can be analysed in different cases as follows.
Case 1: Simultaneous PCell PUCCH and SCell PUCCH on subframe i (no PUSCH transmission on any of the cells)
In Rel-11 CA, there is only one PUCCH transmission (in PCell) and that PUCCH transmission is always prioritised over simultaneous PUSCH transmission. In contrast, SCell PUCCH for CA scenario can have simultaneous PCell PUCCH and SCell PUCCH. In this situation, whether to apply power scaling on both PUCCH or to prioritise one PUCCH over other or to apply DC TPC mechanism should be discussed and decided in RAN1. 
Case 2: Simultaneous PCell PUCCH, SCell PUCCH and PUSCH on one or more cells on subframe i

In this situation, priority should be given to both PUCCHs over PUSCH (which carries data only in this case), and PUSCHs can be power scaled according to remaining power.
Case 3: Simultaneous PCell PUCCH + PUSCH on one or more cell OR Simultaneous SCell PUCCH+PUSCH on one or more cells

In these two cases it is necessary to consider whether the PUSCH of other PUCCH-Cell group contains UCI or not.
If any PUSCH does not contain UCI of the CCs in other PUCCH Cell Group power allocation can be done as:
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If k-th PUSCH contains UCI of the CCs in other PUCCH Cell Group power allocation can be done as:
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Observation 5: When simultaneous PUCCH transmission on PCell and SCell, and PUSCH transmission occurs, power allocation for different channels can be discussed in three scenarios as follows:
· Simultaneous PUCCH on PCell and SCell:
Whether to apply power scaling on both PUCCH or to prioritise one PUCCH over other or to apply DC TPC mechanism should be discussed and decided in RAN1.
· Simultanesous PUCCH on PCell and SCell, and PUSCH on one or more other cells:

 Priority should be given to both PUCCHs over PUSCH (which carries data only in this case), and the PUSCHs can be power scaled according to remaining power.
· Simultaneous PUCCH on PCell/SCell and PUSCH on one or more cells:

· If any PUSCH does not contain UCI of the CCs in other Cell Group:
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· If k-th PUSCH contains UCI of the CCs in other PUCCH Cell Group:
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3 Conclusion

 We discussed the mechanisms required to support PUCCH on SCell for CA while considering mechanisms agreed during Rel-12 DC WI. Based on the discussion, following observations and proposals are made.
Observation 1: Introducing cell grouping based on PUCCH (PUCCH-Cell groups), according to following rules, and configuring one SCell per group to support PUCCH may help to re-use UCI feedback mechanisms agreed for Rel-12 DC in SCell PUCCH for CA.

· All CCs need to be grouped in to one of the ‘PUCCH-Cell Groups’

· Each PUCCH Cell Group has only one Cell supporting PUCCH transmission. i.e., PUCCH Cell group containing the PCell has no other SCell configured with PUCCH transmission, and other PUCCH Cell group has only one SCell configured with PUCCH.

It could be up to RAN2 to decide the mechanism for PUCCH cell grouping.

Observation 2: Supporting SR on SCell PUCCH is FFS.
Observation 3: Minimum guaranteed power allocation used in DC is not needed in SCell PUCCH for CA.

Observation 4: UE transmit power PPUCCH,c(i) for the PUCCH on cell c in subframe i can be calculated using the same equation as in Rel-11. In this case cell index c belongs to index of the PCell or the index of the SCell carrying PUCCH. It is not necessary to have a separate index k to denote PUCCH cell group k.
Observation5: When simultaneous PUCCH transmission on PCell and SCell, and PUSCH transmission occurs, power allocation for different channels can be discussed in three scenarios as follows:

· Simultaneous PUCCH on PCell and SCell:

Whether to apply power scaling on both PUCCH or to prioritise one PUCCH over other or to apply DC TPC mechanism should be discussed and decided in RAN1.
· Simultanesous PUCCH on PCell and SCell, and PUSCH on one or more other cells:

 Priority should be given to both PUCCHs over PUSCH (which carries data only in this case), and the PUSCHs can be power scaled according to remaining power.
· Simultaneous PUCCH on PCell/SCell and PUSCH on one or more cells:

· If any PUSCH does not contain UCI of the CCs in other Cell Group:
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· If k-th PUSCH contains UCI of the CCs in other PUCCH Cell Group:
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Proposal 1: RAN2 specification impact for PUCCH on SCell might be higher than RAN1; therefore, sending LS to RAN2 as early as possible is recommended so that RAN2 may have more time to consider PUCCH on SCell for CA.
Proposal 2: In SCell PUCCH for CA, PCell PUCCH carries UCI of PUCCH Cell Group 1, while SCell PUCCH carries UCI of PUCCH Cell Group 2.
Proposal 3: SCell PUCCH may support all Rel-12 UCI formats 1/1a/1b, 2/2a/2b and 3.

Proposal 4: Cross carrier scheduling across PUCCH Cell Groups is not supported, while cross carrier scheduling within PUCCH Cell Group is supported according to Rel-12 cross carrier scheduling rules. The SCell carrying PUCCH in Cell group 2 cannot be cross carrier scheduled by other SCells in the same group.
Proposal 5:

· SCell PUCCH can re-use the PCell PUCCH power control used in Rel-11 CA. 

· RRC parameters used for SCell PUCCH can be independently configured from PCell PUCCH.

· Path loss estimate is based on the RSRP in the SCell carrying PUCCH

· TPC command transmission for SCell PUCCH should be FFS.
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