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1. Introduction
In RAN1#77, the following agreements [1] were made regarding PUCCH on SCell for carrier aggregation:

Agreement:

· 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

It was then during the email discussion “[77-16] PUCCH on SCell” the following working assumption and conclusion was made:
Working assumption:
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
Conclusion: FFS for how to transmit UCI on PUSCH if PUCCH on SCell for CA is supported.
In this contribution, we provide discussions and our views on the meaning of simultaneous PUCCH/PUSCH transmission and analysis of UCI multiplexing schemes for PUCCH on SCell in CA.
2. Discussion
The original intention and the scope to support the feature of PUCCH on SCell for uplink CA capable UEs was based on the condition [2] that “if minimal additional work is required” from applying PUCCH enhancements for dual connectivity to carrier aggregation. However, it is not exactly clear the meaning of “minimal additional work” in this context. If strictly apply the dual-PUCCH transmission mechanism (one PUCCH for MeNB/MCG and one for SeNB/SCG) in dual connectivity for CA, this implies that CSS on the SCell that carries PUCCH, DCI format 3/3A with PUCH-TPC-RNTI on the SCell that carries PUCCH, the power split / reserved power concept and PHR report mechanisms in dual-connectivity should also be adopted for PUCCH on SCell in Carrier Aggregation.
Extending this principle, this also means the existing simultaneous PUCCH/PUSCH transmission capability signalling from Rel-10 would need to be separately configured for PUCCH cell group 1 and group 2 in CA. This will incur additional behavior and specification work compared to adopting the existing meaning of simultaneous PUCCH/PUSCH transmission, where no additional specification change would be required. If the existing meaning is kept, when a UE reports that it is capable of simultaneous PUCCH/PUSCH transmission using the capability bit, it means the UE is capable of transmitting PUCCH on one cell and PUSCH on a same/different cell of the same or different cell group. And hence there is no need to have separate configuration of simultaneous PUCCH/PUSCH transmission per cell group. Thus, the capability signalling and configuration of simultaneous PUCCH/PUSCH transmission in this case does not follow directly from the case of DC and UE capability for this feature remains as optional for CA.
With these, certain features related to pSCell PUCCH from dual connectivity would better not be extended to PUCCH on SCell for Carrier Aggregation.
Proposal 1: It is preferable that the meaning of “simultaneous PUCCH/PUSCH transmission (capability bit)” is not changed. That is same as in Rel-10, the configuration is common to both cell groups (CGs).
Proposal 2: UE capability for the feature of simultaneous PUCCH/PUSCH transmission in Rel-12 CA due to the introduction of PUCCH on SCell is kept optional.
From this, we envisioned the following UCI multiplexing schemes are possible for the scenarios of whether UE supports simultaneous PUCCH/PUSCH transmission.

As shown in Figure 1, when UE does not support PUCCH/PUSCH simultaneous transmission, UCI of CG1 and UCI of CG2 are always fed back on PCell PUCCH and SCell PUCCH respectively when there is no uplink grant given / no PUSCH transmission on any of UL cells (Case 1). When there is an uplink grant given for transmission of only one PUSCH among the CGs (Case 2), it is almost guaranteed that no UCI will be dropped as there is no PUCCH transmission and this follows Rel-12 CA principle. However, when there are more than one uplink grants are given (at least one per CG), there are two options can be taken. Option1 is to use the same UCI multiplexing mechanism as in Case 2. In which case, there is no UCI dropping concern. On the other hand, if adopting Option2 where UCI are split into multiple PUSCHs, depending on the outcome of channel prioritisation rule discussion for DC there is a risk that some UCI may be dropped or power scaled. Therefore, in order to ensure a certainty that UCI is not dropped or power scaled, it would be better to always multiplex UCI of all DL cells on only one PUSCH when UE does not support simultaneous PUCCH/PUSCH transmission.
Proposal 3: When UE does not support simultaneous PUCCH/PUSCH transmission, UCI of all DL cells is always multiplex on only one PUSCH. No splitting of UCI on multiple PUSCH to avoid dropping or power scaling of some UCI.
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Case 1 (green arrow): UCI of CG1 DL cells is fed back on PCell PUCCH and 

UCI of CG2 on SCell PUCCH when there is no uplink grant (no PUSCH) in 

either CGs.

Case 2 (purple dashed arrow): UCI of all DL cells (across both CGs) is 

piggyback on one PUSCH when there is only oneuplink grant between the 

CGs. This follows Rel-10 CA principle.

Case 3: When there are two separate uplink grants, one for each CG,

Option1: Use Case 2 multiplexing mechanism –Rel-10 CA principle.

Option2 (brown dashed arrow): UCI of CG1 DL cells is piggyback on 

one PUSCH in CG1 and UCI of CG2 is piggyback on one PUSCH in CG2. This 

follows DC principle.
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Figure 1: UCI multiplexing when UE does not support simultaneous PUCCH/PUSCH transmission.
For the scenario of UE supporting simultaneous PUCCH/PUSCH transmission, different cases of UCI multiplexing is shown in Figure 2. As can be seen, there would be no UCI dropping concern in Case 1 and Case 2-1 as UCI is always fed back on PCell PUCCH and SCell PUCCH (assuming a certain guaranteed / reserved power is always allocated to PCell and SCell PUCCH transmission). For Case 2-2 on the other hand, there is no guarantee (depending on channel prioritisation rule discussion) that following the DC principle of UCI of CG1 is multiplexed on PCell PUSCH and UCI of CG2 is multiplexed on pSCell PUSCH will not lead to no dropping or power scaling of some UCI. Therefore, in order to ensure a good certainty that there is enough power to transmit any PUSCH that carries UCI, firstly the reserved power feature from DC should be extended to CA with PUCCH on SCell and secondly channel prioritisation rule should be based on the contents that are being multiplexed on PUSCH as proposed in [3] for DC. For example:

PUSCH (HARQ-ACK, SR) > PUSCH (CSI) > PUSCH (no UCI)
Observation 1: The reserved power feature from dual-connectivity should be extended to CA with PUCCH on SCell.
Observation 2: Channel prioritisation rule should be based on the contents that are being multiplexed on PUSCH for dual-connectivity. For example: PUSCH (HARQ-ACK, SR) > PUSCH (CSI) > PUSCH (no UCI).
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Case 1 (green arrow): UCI of CG1 DL cells is fed back on PCell PUCCH and 

UCI of CG2 on SCell PUCCH when there is no uplink grant (no PUSCH) in 

either CGs.

Case 2: When there is an uplink grant in either CG1 or CG2,

Case 2-1 (green arrow): Same as Case 1, if UE also supports UL non-

contiguous RA or if the uplink grant is for neither PCell nor pSCell.

Case 2-2 (purple arrow): if the uplink grant is for either PCell or 

pSCell and the UE does not support UL non-contiguous RA, UCI of CG1 DL 

cells is piggyback on PCell PUSCH and UCI of CG2 DL cells is piggyback on 

pSCell PUSCH. This follows DC principle.
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Figure 2: UCI multiplexing when UE supports simultaneous PUCCH/PUSCH transmission.
3. Conclusions

In this contribution, we provided discussion on the meaning of simultaneous PUCCH/PUSCH transmission and analysis of UCI multiplexing schemes for PUCCH on SCell in CA. In summary, we have the following proposals and observations.
Proposal 1: It is preferable that the meaning of “simultaneous PUCCH/PUSCH transmission (capability bit)” is not changed. That is same as in Rel-10, the configuration is common to both cell groups (CGs).
Proposal 2: UE capability for the feature of simultaneous PUCCH/PUSCH transmission in Rel-12 CA due to the introduction of PUCCH on SCell is kept optional.
Proposal 3: When UE does not support simultaneous PUCCH/PUSCH transmission, UCI of all DL cells is always multiplex on only one PUSCH. No splitting of UCI on multiple PUSCH to avoid dropping or power scaling of some UCI.
Observation 1: The reserved power feature from dual-connectivity should be extended to CA with PUCCH on SCell.
Observation 2: Channel prioritisation rule should be based on the contents that are being multiplexed on PUSCH for dual-connectivity. For example: PUSCH (HARQ-ACK, SR) > PUSCH (CSI) > PUSCH (no UCI).
References

[1]
RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #77, Seoul, Korea, 19 – 23 May 2014.
[2]
R1-132069, “WID: Dual Connectivity for LTE”, NTT DOCOMO, NEC
[3]
R1-142170, “Channel prioritisation and power scaling for dual connectivity”, NEC
1
Page 2

