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1. Introduction
At RAN#66, the Rel-13 CA enhancement WI was approved [1]. The objective consists of two main aspects, introduction of PUCCH on SCell for Rel-12 CA configurations (as shown below) and the enhancement for CA with more than 6CCs. 
	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 document, we summarize the RAN2 specification impacts due to introduction of PUCCH on SCell. Note that we also address the CA with more than 5CCs (2nd objective) in the separate paper [2]. 
2. RAN2 specification impacts due to PUCCH on SCell
As can be seen in the WI objective, PUCCH on SCell is supposed to be developed based on the UCI mechanism for Dual Connectivity [1].

· 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.
In Rel-12, RAN2 received an LS from RAN1 in which how to support PUCCH on SCell from the physical layer viewpoints was informed as shown below [4].
	Agreements:
· 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


Based on the assumption in the WI objective and the past RAN1 input, in this section, the RAN2 specification impacts re discussed from Stage2, CP and UP point of view. It should be noted that we call the normal SCell carrying PUCCH as “PUCCH SCell”.

2.1. Stage2 impacts

The following specification impacts can be considered on the Stage-2 level:
1) Introduction of PUCCH cell group concept

From the assumption in the WI and the past RAN1 input (especially marked with yellow), the following extension can be envisaged:
· In addition to PUCCH on PCell, one additional PUCCH can be configured and transmitted on one of the SCells configured for a UE.

· Two cell groups are configured for the UE; one cell group comprises PCell, while the other comprises the SCell carrying PUCCH, where all CCs belong to either of the cell groups.

Unless RAN1 revisits the past agreements, RAN2 should develop our specifications based on these concepts. The followings are proposed:
Proposal 1:
In addition to PUCCH on PCell, one additional PUCCH can be configured and transmitted on one of the SCells configured for a UE.
Proposal 1a:
Two cell groups (PUCCH cell group 1/2) are configured for the UE; one cell group (group 1) comprises PCell, while the other (group 2) comprises the SCell carrying PUCCH, where all CCs belong to either of the cell groups.
2) 
Combination of PUCCH cell group and DC
In [3], it was implied that it is complex to support the combination of PUCCH SCell and DC, i.e., MCG contains PUCCH cell groups. However, given that the motivation of introducing PUCCH SCell is to mitigate the increased PUCCH overhead, we wonder if PUCCH SCell is needed for the CA operation together with DC. By configuring DC itself, the PUCCH overhead can be mitigated by its dual-PUCCH mechanism. Additional PUCCH support on SCell is not deemed as essential given the envisaged complexity. Thus, for simplicity, RAN2 should agree that the combination of PUCCH SCell and DC is not supported in Rel-13.
Proposal2: PUCCH cell group and DC are not configured simultaneously.
We also provide the text proposals for stage2 as in Annex.

Proposal3: RAN2 to work on the stage2 running CR based on the TP in Annex
2.2. C-plane impacts

1) Signalling structure to support PUCCH SCell
RRC needs to support at least the signalling of cell group (and mapping between PUCCH cell and serving cell) and PUCCH configuration on SCell. Of course, we should discuss what functionalities should be introduced in addition to them. 
Proposal4: RRC needs to support at least the signalling of cell group and PUCCH configuration on SCell
2) RLM on PUCCH SCell
Up to Rel-12, only PCell support RLM for CA, and additionally PSCell support it for DC. The question is whether PUCCH SCell should support RLM. We think that the UE capable of PUCCH SCell will be developed based on the current CA mechanism which would make the implementation of PUCCH SCell easier. To align with the current mechanism and facilitate the implementation, it is proposed that PUCCH SCell does not support RLM.
Proposal 5: PUCCH SCell does not support RLM

2.3. U-plane impacts

Wrt the UP impacts, as addressed in [4], the MAC specification has the following main impacts.
1) SR transmission on PUCCH SCell

There was no reason for CA to support SR on other than PCell due to the fact that all bearers are served by a single scheduler within one eNB. Thus, SR does not have to be supported on SCell even though PUCCH can be transmitted.
Proposal 6: SR is not supported on PUCCH SCell
2) Activation/Deactivation of PUCCH SCell
In DC, PSCell is always activated so that SeNB can send the activation/deactivation command to the UE dynamically. However, for CA, eNB has PCell as the path to send the commands to UE. To achieve the same battery saving benefit as the existing CA, it is desirable to enable the eNB to deactivate the SCell carrying PUCCH. To support this, the eNB has to keep in mind that while the SCell carrying PUCCH is deactivated, the other SCells belonging to the same CG shall not be activated. Otherwise, the UCI on the activated SCell cannot be available.
Proposal 7: Activation/Deactivation should be supported for PUCCH SCell.

Proposal 7a: While PUCCH SCell is deactivated, the other SCells belonging to the same PUCCH cell group should not be activated. 

Proposal 7b: No additional mechanism is needed to ensure 7a (e.g., UE autonomous deactivation), since the eNB can manage the activation/deactivation status properly.
3) PHR reporting

In DC, since PUCCH is transmitted on PCell and PSCell, the PHR MAC CE can contain 2 type2 PHs and several type1 PHs. In case to support PUCCH SCell, the same MAC CE format can be utilized. However, we should look into the details of MAC spec to adapt it.
Proposal 8: Dual Connectivity PHR MAC CE can be utilized for PUCCH SCell CA.
3. Summary and Conclusion

In this contribution, we addressed the RAN2 impacts due to introduction of PUCCH on SCell, and followings are proposed:
Proposal 1:
In addition to PUCCH on PCell, one additional PUCCH can be configured and transmitted on one of the SCells configured for a UE.
Proposal 1a:Two cell groups (PUCCH cell group 1/2) are configured for the UE; one cell group (group 1) comprises PCell, while the other (group 2) comprises the SCell carrying PUCCH, where all CCs belong to either of the cell groups.
Proposal2: PUCCH cell group and DC are not configured simultaneously.
Proposal3: RAN2 to work on the stage2 running CR based on the TP in Annex

Proposal4: RRC needs to support at least the signalling of cell group and PUCCH configuration on SCell

Proposal5: PUCCH SCell does not support RLM
Proposal6: SR is not supported on PUCCH SCell
Proposal7: Activation/Deactivation should be supported for PUCCH SCell.

Proposal7a: While PUCCH SCell is deactivated, the other SCells belonging to the same PUCCH cell group should not be activated. 

Proposal7b: No additional mechanism is needed to ensure 7a (e.g., UE autonomous deactivation), since the eNB can manage the activation/deactivation status properly.
Proposal8: Dual Connectivity PHR MAC CE can be utilized for PUCCH SCell CA.
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5. Annex: Text proposal for stage2
Alt1
	5.2.3
Physical uplink control channel

The PUCCH shall be mapped to a control channel resource in the uplink.
Depending on presence or absence of uplink timing synchronization, the uplink physical control signalling for scheduling request can differ.
In the case of time synchronization being present for the pTAG, the outband control signalling consists of:

-
CSI;

-
ACK/NAK;

-
Scheduling Request (SR).

The CSI informs the scheduler about the current channel conditions as seen by the UE. If MIMO transmission is used, the CSI includes necessary MIMO-related feedback.

The HARQ feedback in response to downlink data transmission consists of a single ACK/NAK bit per transport block in case of non-bundling configuration.
PUCCH resources for SR and CSI reporting are assigned and can be revoked through RRC signalling. An SR is not necessarily assigned to UEs acquiring synchronization through the RACH (i.e. synchronised UEs may or may not have a dedicated SR channel). PUCCH resources for SR and CSI are lost when the UE is no longer synchronized.

PUCCH is transmitted on PCell and optionally on one of the SCells in carrier aggregation.
PUCCH is transmitted on PCell and PSCell in DC.
The physical layer supports simultaneous transmission of PUCCH and PUSCH.
Next change
7.5
Carrier Aggregation

When CA is configured, the UE only has one RRC connection with the network. At RRC connection establishment/re-establishment/handover, one serving cell provides the NAS mobility information (e.g. TAI), and at RRC connection re-establishment/handover, one serving cell provides the security input. This cell is referred to as the Primary Cell (PCell). In the downlink, the carrier corresponding to the PCell is the Downlink Primary Component Carrier (DL PCC) while in the uplink it is the Uplink Primary Component Carrier (UL PCC).

Depending on UE capabilities, Secondary Cells (SCells) can be configured to form together with the PCell a set of serving cells. In the downlink, the carrier corresponding to an SCell is a Downlink Secondary Component Carrier (DL SCC) while in the uplink it is an Uplink Secondary Component Carrier (UL SCC).

The configured set of serving cells for a UE therefore always consists of one PCell and one or more SCells:

-
For each SCell the usage of uplink resources by the UE in addition to the downlink ones is configurable (the number of DL SCCs configured is therefore always larger than or equal to the number of UL SCCs and no SCell can be configured for usage of uplink resources only); 

-
From a UE viewpoint, each uplink resource only belongs to one serving cell;

-
The number of serving cells that can be configured depends on the aggregation capability of the UE (see subclause 5.5);

-
PCell can only be changed with handover procedure (i.e. with security key change and RACH procedure);

-
PCell and optionally one of the SCells are used for transmission of PUCCH;

-
Unlike SCells, PCell cannot be de-activated (see subclause 11.2);

-
Re-establishment is triggered when PCell experiences RLF, not when SCells experience RLF; 

-
NAS information is taken from PCell.

The reconfiguration, addition and removal of SCells can be performed by RRC. At intra-LTE handover, RRC can also add, remove, or reconfigure SCells for usage with the target PCell. When adding a new SCell, dedicated RRC signalling is used for sending all required system information of the SCell i.e. while in connected mode, UEs need not acquire broadcasted system information directly from the SCells.
When UE is configured to transmit PUCCH on SCell, the configured set of serving cells for a UE consists of two subsets: PUCCH cell group#1 containing PCell and the PUCCH cell group#2 containing SCell carrying PUCCH. UE is not configured to transmit PUCCH on SCell when DC is configured.
Next change

7.6
Dual Connectivity

In DC, the configured set of serving cells for a UE consists of two subsets: the Master Cell Group (MCG) containing the serving cells of the MeNB, and the Secondary Cell Group (SCG) containing the serving cells of the SeNB.

When a UE is configured with CA in the MCG, the same principles as described in subclause 7.5 apply to MCG unless explicitly stated otherwise.
For SCG, the following principles are applied:

-
At least one cell in SCG has a configured UL CC and one of them, named PSCell, is configured with PUCCH resources;
-
When SCG is configured, there is always at least one SCG bearer or one Split bearer;

-
Upon detection of a physical layer problem or a random access problem on PSCell, or the maximum number of RLC retransmissions has been reached associated with the SCG, or upon detection of an access problem on PSCell (T307 expiry) during SCG addition or SCG change:

-
RRC connection Re-establishment procedure is not triggered;

-
All UL transmissions towards all cells of the SCG are stopped;
-
MeNB is informed by the UE of SCG failure type.

-
For split bearer, the DL data transfer over the MeNB is maintained.

-
Only the RLC AM bearer can be configured for the split bearer;
-
Like PCell, PSCell cannot be de-activated (see subclause 11.2);
-
PSCell can only be changed with SCG change (i.e. with security key change and RACH procedure);

-
Neither direct bearer type change between Split bearer and SCG bearer nor simultaneous configuration of SCG and Split bearer are supported.
With respect to the interaction between MeNB and SeNB, the following principles are applied:

-
The MeNB maintains the RRM measurement configuration of the UE and may, e.g, based on received measurement reports or traffic conditions or bearer types, decide to ask a SeNB to provide additional resources (serving cells) for a UE. 

-
Upon receiving the request from the MeNB, a SeNB may create the container that will result in the configuration of additional serving cells for the UE (or decide that it has no resource available to do so).

-
For UE capability coordination, the MeNB provides (part of) the AS configuration and the UE capabilities to the SeNB.

-
The MeNB and the SeNB exchange information about UE configuration by means of RRC containers (inter-node messages) carried in X2 messages.

-
The SeNB may initiate a reconfiguration of its existing serving cells (e.g., PUCCH towards the SeNB).

-
The SeNB decides which cell is the PSCell within the SCG.

-
The MeNB does not change the content of the RRC configuration provided by the SeNB.
-
In the case of the SCG addition and SCG SCell addition, the MeNB may provide the latest measurement results for the SCG cell(s).
-
Both MeNB and SeNB know the SFN and subframe offset of each other by OAM, e.g., for the purpose of DRX alignment and identification of measurement gap.
When adding a new SCG SCell, dedicated RRC signalling is used for sending all required system information of the cell as for CA described in sub-clause 7.5, except for the SFN acquired from MIB of the PSCell of SCG.
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