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1. Introduction
In RAN1#77, the possibility of extending PUCCH on SCell to CA has been discussed, and the following has been agreed:
	Agreements [1]
· 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
· Send an LS to RAN2 asking
· ask RAN2 to analyse the complexity if RAN1 supports PUCCH on Scell in above approaches and provide feedback to RAN1 on whether to support PUCCH on Scell for CA in Rel-12
· whether SR is necessary on Scell if the PUCCH is sent on Scell in carrier aggregation
· RAN1 ask RAN2 whether to consider introduction of one UE capability bit to indicate support for PUCCH on PCell and SCell in CA, separately from the indication of the support of dual connectivity
Working assumption (from email discussion [77-16]):
· If PUCCH on SCell for CA is supported, the pSCell PUCCH power control of dual connectivity is reused for the SCell PUCCH in CA, with the following clarifications: 
· FFS which (if any) feature introduced for dual connectivity may not need to be supported for the transmission of PUCCH on SCell for CA 
· E.g. CSS on the SCell that carries PUCCH, transmission of DCI format 3/3A with PUCCH-TPC-RNTI on the SCell that carries PUCCH, reserved power, PHR report
· FFS for how to transmit UCI on PUSCH if PUCCH on SCell for CA is supported.


In this contribution, we share our views on the related issues that have been identified.

2. Discussions
So far it has not been decided whether to introduce PUCCH on SCell for CA or not. So all the discussions here present our views/preferences if we agree to introduce it. This could eventually affect our decision on whether to introduce it or not depending on the complexity of the agreed approaches.

Common search space on SCell in CA
Common search space on pSCell in dual connectivity needs to be introduced to support certain functions. However, those functions are not necessary for SCell in CA, such as the monitoring of RA-RNTI, temporary C-RNTI, and C-RNTI. The only possible exception is DCI format 3/3A to deliver group TPC commands for PUCCH/PUSCH. However, this can be easily supported on PCell CSS. So there is no need to introduce CSS on SCell in CA. If we do, it would increase the eNB/UE complexity for supporting it on SCell, and also require additional blind decoding at the UE.
However, it is important that DCI format 3/3A is still supported for PUCCH/PUSCH TPC. What is new here compared to Rel-11 CA is the TPC for PUCCH on SCell.
Proposal 1: If PUCCH on SCell in CA is supported, common search space is not supported on SCell. DCI format 3/3A on PCell CSS supports TPC for PUCCH on SCell.

Power control
Although we have made the working assumption to reuse the DC power control mechanism for PUCCH on SCell, the DC power control has not been finalized yet. But if this is agreed, it seems reasonable to adopt the same behaviour as the synchronous case in DC (regardless of whether special handling is introduced or not). We have the following considerations on this issue:
· It is not clear whether the working assumption also covers the power control of other channels. The power control of PUCCH on SCell depends on the prioritization of all the channels, so it is not an isolated issue. If the working assumption implies that we will follow the prioritization of all the channels in DC, we need to wait until the DC mechanism is finalized and check if the prioritization is well aligned with Rel-11 behavior. It would not be reasonable to have a prioritization rule for CA with PUCCH on SCell that is fundamentally different from CA without PUCCH on SCell.
· Whether reserved power should be used for CA or not depends on the power control mechanism agreed for DC. In principle it should not be necessary to define reserved power for CA, because all the cells are controlled by the same eNB in CA. But it may be possible to reuse the DC mechanism assuming the reserved power is zero for both eNBs.
Proposal 2: The working assumption on power control for PUCCH on SCell and whether to apply the reserved power mechanism to CA should be revisited after DC mechanism is finalized.

PHR
In DC, there are two MAC entities, and PHR is maintained per MAC entity. In CA, there is a single MAC entity, so it is no longer possible to reuse DC PHR mechanism. It makes more sense to enhance PHR based on Rel-11 CA to cover two PUCCH transmissions.
Proposal 3: If PUCCH on SCell in CA is supported, it should not reuse the PHR mechanism for DC. Rel-11 CA PHR should be enhanced to cover two PUCCH transmissions.

Simultaneous PUCCH and PUSCH transmission
For dual connectivity, we have the following agreement on simultaneous PUCCH/PUSCH transmission in email discussion [77-11], as summarized in [2].
	· Simultaneous PUSCH/PUCCH transmission can be independently configured per CG. 
· RAN4 should confirm whether independent PUSCH/PUCCH simultaneous transmission per CG can be supported.



If PUCCH on SCell for CA supported, it automatically means that the UE needs to support the simultaneous transmission of PUCCH in one CG and PUCCH in the other CG. There are mainly two options for handling simultaneous PUCCH and PUSCH transmission based on the email discussion. 
· Option 1: Follow the CA approach
· The meaning of the capability bit simultaneousPUCCH-PUSCH-r10 remains unchanged, and it is still defined per CA combination.
· The meaning of the configuration parameter simultaneousPUCCH-PUSCH-r10 remains (mostly) unchanged.
· If configured, the behavior is the same as in Rel-11, except that two PUCCHs carry UCI for two CGs separately.
· If not configured, UCI for all the cells (in both CGs) needs to be multiplexed into one PUSCH, which is the same as in Rel-11.
· Option 2: Follow the DC approach
· For DC, we have agreed that simultaneous PUSCH/PUCCH transmission can be independently configured per CG. However, whether the capability bits are also independently signaled per CG is still not decided yet. This would depend on the RAN2 signaling design.
· Regardless of what decision will be made for DC, the CA can directly reuse the DC mechanism.
· This means that the UCI for the two CGs are always separately transmitted.
Option 2 may have less specification impact assuming that DC approach can be directly reused. However it results in higher implementation complexity at both the UE and the eNB, because it introduces extra changes that are not really necessary for supporting PUCCH on SCell for CA, including:
· Option 2 mandates at least some combinations of PUCCH + PUSCH transmission (i.e. PUCCH in one CG + PUSCH in another CG), even if the UE does not support simultaneous PUSCH/PUCCH transmission in the same CG. There may not be fundamental issues to support it from feasibility point of view, given that the UE already needs to support PUCCH in one CG + PUCCH in another CG. But it adds additional implementation complexity at the UE. 
· When UCI occurs in a subframe that has PUSCH transmission, option 2 changes the way UCI is multiplexed in PUSCH in CA. There would be new situations such as UCI multiplexed on two PUSCHs, and UCI multiplexed in one PUSCH + UCI on PUCCH. We should not assume that all the UEs that support PUCCH on SCell for CA also support dual connectivity. Further, from the eNB side, it is even more unlikely for it to support both CA and DC. So any deviation from existing CA behavior would require additional work at both the UE and the eNB.
· It was also pointed out in the email discussion that separating UCI transmission into two channels may result in loss of one UCI due to power scaling.
With these considerations, our preference is option 1.
Proposal 4: If PUCCH on SCell for CA is supported, option 1 is adopted, i.e., the handling of simultaneous PUCCH/PUSCH follows the CA mechanism, including the multiplexing of UCI on PUSCH.

From the discussions above, we have found that it may not always make sense to directly follow the DC design, because it introduces some unnecessary changes which would increase both UE and eNB complexity. So when making the decision, it is important not just to consider the specification impact. It is more important to consider the actual implementation complexity.

3. Conclusions
In this contribution, we have discussed the issues for supporting PUCCH on SCell for CA and proposed the following:
Proposal 1: If PUCCH on SCell in CA is supported, common search space is not supported on SCell. DCI format 3/3A on PCell CSS supports TPC for PUCCH on SCell.
Proposal 2: The working assumption on power control for PUCCH on SCell and whether to apply the reserved power mechanism to CA should be revisited after DC mechanism is finalized.
Proposal 3: If PUCCH on SCell in CA is supported, it should not reuse the PHR mechanism for DC. Rel-11 CA PHR should be enhanced to cover two PUCCH transmission.
Proposal 4: If PUCCH on SCell for CA is supported, option 1 is adopted, i.e., the handling of simultaneous PUCCH/PUSCH follows the CA mechanism, including the multiplexing of UCI on PUSCH.
In general, it is important to consider the implementation complexity at the UE and the eNB in addition to specification impact.
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