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1 Introduction
In RAN plenary #60, a new work item was approved for LTE TDD-FDD joint operation [1]. In RAN1 #74 meeting, deployment scenarios of joint operation on FDD and TDD spectra were discussed, and some conclusions were achieved:
· FDD+TDD co-located (CA scenarios 1-3), and FDD+TDD non-co-located with ideal backhaul (CA scenario 4)

· FDD+TDD non-co-located (small cell scenarios 2a, 2b, and macro-macro scenario), with non-ideal backhaul, subject to the outcome of the non-ideal backhaul related study items where relevant. 

Similar to the Rel-11 topic ‘inter-band TDD CA with different UL-DL configurations’, the HARQ operation will be the main issue for TDD-FDD CA since FDD cell and TDD cell have different DL HARQ timings. In the last meeting, one observation was that PUCCH transmission on Scell can simplify DL HARQ problems in a TDD-FDD CA system, especially for the use case of TDD as Pcell and FDD as Scell. In this contribution, we discuss issues related to PUCCH transmission on Scell, e.g., motivation of Scell PUCCH, UE capability on simultaneous or non-simultaneous PUCCH transmission and UCI carried by Scell PUCCH.
2 Discussion
2.1 Motivation of Scell PUCCH 

In an existing CA system, PUCCH transmission is allowed only on Pcell, and the Pcell PUCCH can carry DL HARQ-ACK, periodic CSI of all serving cells, and SR. The restriction of PUCCH on Pcell only makes Scell’s DL HARQ timing very complex. In TDD inter-band CA with different UL-DL configurations, DL-reference configuration is used for Scell’s DL HARQ timing. Under the current CA framework of PUCCH on Pcell only, HARQ issues for TDD-FDD CA have been discussed in the contribution [2], and one observation therein is that new DL HARQ timing needs to be specified for FDD Scell in the use case of TDD as Pcell and FDD as Scell. If PUCCH is allowed to be transmitted on Scell, specification efforts on new DL HARQ timing of FDD Scell can be avoided, and the DL HARQ problem of Scell can be simply resolved, i.e., each serving cell follows its own DL HARQ timing, and corresponding DL HARQ-ACK can be separately reported via the PUCCH on its own cell. If FDD Scell follows the DL HARQ timing of its own, the advantages of FDD HARQ timing can be reused, e.g., short HARQ latency and evenly distributed HARQ-ACK reports. Although PUCCH transmission on Scell may impact UE’s power consumption and the cubic metric for simultaneous PUCCH transmission, we think it is worthwhile to relax the current restriction of Pcell only PUCCH from the perspective of DL HARQ optimization. In addition, separation of DL-HARQ reports for TDD-FDD Dual Connectivity (DC) is necessary due to the non-ideal backhaul. Therefore, separate PUCCH transmission on Pcell and Scell is applicable to both TDD-FDD CA and DC.       
Observation 1: Scell PUCCH is a straightforward solution to resolve the problem of Scell’s DL HARQ-ACK feedback.
Since existing PUCCH transmission in non-CA system can be directly reused for Scell PUCCH, e.g. PUCCH format 1a/1b, specification effort of Scell PUCCH is not significant. One specification impact is power control related issues. For example, power control related parameters shall be configured for Scell PUCCH, e.g. P0_UE_PUCCH, P0_NOMINAL_PUCCH, and so on. Regarding PHR, the PHR mechanism on Pcell can be directly reused for Scell. Regarding power scaling, simultaneous PUCCH shall be considered, and related power scaling method shall be modified, however, the corresponding solution is straightforward and the current rules can be reused.

Observation 2: Specification impact of Scell PUCCH is not significant.

Based on above discussion, Scell PUCCH can resolve the problem of Scell’s DL HARQ-ACK feedback with acceptable specification impact. Therefore, it is proposed to allow PUCCH transmission on Scell. 
Proposal 1: PUCCH shall be allowed to be transmitted on Scell. 
2.2 UE capability on Scell PUCCH transmission 
In RAN1#74bis, one agreement was achieved as follows:
· A TDD-FDD CA-capable UE supports TDD-FDD DL CA

· A TDD-FDD CA-capable UE is allowed not to support TDD-FDD UL CA

· Note that not supporting UL TDD-FDD CA means that UE can only be configured with one serving cell in UL

Based on the above agreement, if Scell PUCCH is supported, UE capability on PUCCH transmission can be divided into two types, i.e. simultaneous and non-simultaneous PUCCH transmission. For a TDD-FDD UL CA capable UE, simultaneous PUCCH transmission on FDD serving cell and TDD serving cell can be supported. For a TDD-FDD UL non-CA capable UE, simultaneous PUCCH transmission on FDD and TDD cannot be supported. Instead, PUCCH transmissions with time division multiplexing (TDM) on FDD serving cell and TDD serving cell can be supported. The two types of UE capability on PUCCH transmission are separately discussed in the following sub-sections.
Simultaneous PUCCH transmission
In the scenario of simultaneous PUCCH transmission, there is no need to adopt the DL-reference configuration mechanism no matter Scell is TDD cell or FDD cell. Each serving cell follows its own DL HARQ timing, and the DL HARQ problem can be perfectly resolved, especially for the use case of TDD cell as Pcell and FDD cell as Scell. Additionally, existing DL HARQ-ACK feedback mechanism for non-CA system can be directly reused for Pcell and Scell PUCCHs, e.g. ACK/NACK bundling/multiplexing, PUCCH format, PUCCH resource, and so on. 
In RAN1#74bis, one agreement was the maximum number of aggregated CCs is up to 5 for Rel-12 TDD-FDD CA. If the number of activated serving cells is larger than 2 and each serving cell has its own PUCCH transmission, power consumption may become a problem, especially when simultaneous PUCCH and PUSCH transmission is configured for all serving cells. In one extreme case, the number of physical UL channels transmitted by one UE in one subframe is up to 10, i.e. 5 PUCCH and 5 PUSCH. Since the total transmission power is confined to be less than the maximum transmission power, each physical channel will be allocated very limited power. Therefore, the number of simultaneous PUCCH shall be restricted. Because the motivation of Scell PUCCH is to resolve the problem of DL HARQ-ACK feedback of Scell, two PUCCH separately on one FDD serving cell and one TDD serving cell may be enough regardless of the number of activated serving cells. One FDD serving cell can be configured to transmit PUCCH that carries DL HARQ-ACK of all FDD serving cells, and the DL HARQ-ACK feedback mechanism in existing FDD-CA system can be reused. One TDD serving cell can be configured to transmit PUCCH that carries DL HARQ-ACK of all TDD serving cells, and the DL HARQ-ACK feedback mechanism in existing TDD-CA system can be reused. Of course, Pcell PUCCH is default to carry DL HARQ-ACK of other serving cells having the same duplex mode as the Pcell. For Scells having different duplex mode from Pcell, the activated Scell with the minimum SCellIndex can be the default cell to transmit PUCCH.
Proposal 2: The number of simultaneous PUCCHs shall not be larger than 2; one on FDD, and the other on TDD. The PUCCH on the FDD serving cell carries DL HARQ-ACKs of all FDD serving cells. The PUCCH on the TDD serving cell carries DL HARQ-ACKs of all TDD serving cells.
Non-simultaneous PUCCH transmission
As agreed in RAN1#74bis, a TDD-FDD CA-capable UE is allowed not to support TDD-FDD UL CA. A UL non-CA capable UE does not have the capability of simultaneously transmission on FDD and TDD serving cells. This kind of UE can only support non-simultaneous PUCCH transmission, and, to fulfill Scell PUCCH transmission, PUCCH can be transmitted with TDM pattern on FDD serving cell and TDD serving cell.
For non-simultaneous PUCCH transmission with TDM pattern, one problem is whether Pcell PUCCH can carry Scell’s DL HARQ-ACK in certain subframes or not. If not, DL scheduling needs to be restricted to avoid Pcell’s DL HARQ-ACK coinciding with Scell’s DL HARQ-ACK in the same subframe. If this happens, DL throughput will be significantly impacted by the restricted DL scheduling. Therefore, it is reasonable to reuse current DL HARQ-ACK feedback mechanism in a certain subframes to optimize the non-simultaneous PUCCH transmission, i.e., Pcell PUCCH can carry Scell’s DL HARQ-ACK. Two optimized methods including semi-static and dynamic TDM patterns are discussed in the following.   
One method is to use semi-static TDM pattern, and the TDM pattern may be predefined or configured by high layer signaling, i.e., the information about which cell is allowed to transmit PUCCH in a certain subframe is signaled to UE. For one example of predefined TDM pattern, in the use case of TDD cell as Pcell and FDD cell as Scell, Pcell PUCCH is transmitted in TDD-UL subframe, and Scell PUCCH is transmitted in other subframes. In TDD-UL subframes, the Pcell PUCCH can carry FDD Scell’s DL HARQ-ACK, and the FDD Scell follows its own DL HARQ timing. In other subframes, which correspond to TDD-DL or TDD-S subframes, the Scell PUCCH can carry only FDD Scell’s DL HARQ-ACK. In this solution, additional PUCCH resource corresponding to DL HARQ-ACK of FDD Scell needs to be reserved on TDD Pcell in a TDD-UL subframe. 
Another method is to use dynamic TDM pattern, i.e. PUCCH can be transmitted on either Pcell or Scell in one subframe. If Pcell’s DL HARQ-ACK doesn’t coincide with Scell’s DL HARQ-ACK in the same subframe and there is no PUSCH transmission, the PUCCH carrying the DL HARQ-ACK shall be transmitted on the corresponding serving cell. If Pcell’s DL HARQ-ACK coincides with Scell’s DL HARQ-ACK in the same subframe and there is no PUSCH transmission, Pcell PUCCH shall be used to carry DL HARQ-ACK of all serving cells. In this solution, if PDSCH of one serving cell is missed and UE thinks there is no DL HARQ-ACK on the serving cell, eNB and UE may have different understanding on the serving cell used for PUCCH transmission. For example, if PDSCH of Pcell is missed, the PUCCH which should be transmitted on Pcell is actually transmitted on Scell. However, similar misunderstanding on PUCCH formats exists in current CA system, e.g., PUCCH format 3 may fall back to PUCCH format 1a/1b/1b with CS if there is no DL HARQ-ACK on Scell. Since the misunderstanding occurs with a small probability, the robustness of DL HARQ-ACK transmission may be not impacted. Similarly to semi-static TDM pattern, additional PUCCH resource corresponding to Scell’s DL HARQ-ACK needs to be reserved on Pcell.     
Proposal 3: For UL non-CA capable UE, Pcell PUCCH carrying Scell’s DL HARQ-ACK shall be reused in some subframes. 
Proposal 4: Semi-static and dynamic TDM patterns shall be further studied for PUCCH transmission of UL non-CA capable UE. 
2.3 UCI carried by Scell PUCCH 

In the current CA system, UCI carried by Pcell PUCCH consists of SR, DL HARQ-ACK of all serving cells, and/or periodic CSI of one serving cell. If Scell PUCCH is supported, which UCI can be carried by the Scell PUCCH? Since the motivation of Scell PUCCH is to resolve DL HARQ problem of Scell, Scell PUCCH shall carry at least the Scell’s DL HARQ-ACK, and existing PUCCH formats 1a, 1b and 1b CS can be directly reused for the Scell PUCCH. 
Proposal 5: Scell PUCCH shall carry at least the Scell’s DL HARQ-ACK.

Besides the Scell’s own DL HARQ-ACK, whether Scell PUCCH can carry other serving cells’s DL HARQ-ACK? Since Pcell’s DL HARQ-ACK can be transmitted on Pcell PUCCH which always exists, it is not proposed to have Scell PUCCH carry Pcell’s DL HARQ-ACK. However, it is possible Scell PUCCH can carry other Scell’s DL HARQ-ACK. As proposed above, the number of PUCCH on different serving cells shall not be larger than 2, although the number of activated serving cells may be larger than 2. PUCCH on one FDD serving cell can carry DL HARQ-ACK of all FDD serving cells. PUCCH on one TDD serving cell can carry DL HARQ-ACK of all TDD serving cells. Therefore, PUCCH on one Scell can carry DL HARQ-ACK of other Scells with the same duplex mode. In this case, existing PUCCH format 1b with CS and format 3 in a current CA system can be directly reused for the Scell PUCCH.     
Proposal 6: Scell PUCCH does not carry Pcell’s DL HARQ-ACK.

Proposal 7: Scell PUCCH can carry DL HARQ-ACK of other Scells with the same duplex mode.

Since there is only one MAC entity in a TDD-FDD CA system, SR triggered by the MAC entity can reuse the existing SR report mechanism, i.e., SR is carried by Pcell PUCCH. Therefore, it is proposed not to have Scell PUCCH carry SR. This is different from TDD-FDD DC wherein separate SR may be necessary.
Proposal 8: Scell PUCCH does not carry SR.

In a current CA system, periodic CSI is frequently dropped especially for TM 10 configured multiple CSI processes. If Scell PUCCH can carry periodic CSI, the probability of CSI dropping can be significantly reduced. Of course, Scell PUCCH shall also support multiplexing of the Scell’s DL HARQ-ACK and periodic CSI, and existing PUCCH format 2/2a/2b can be directly reused for the Scell PUCCH.  

Proposal 9: Scell PUCCH can carry periodic CSI to reduce the probability of CSI dropping. 

3 Conclusion

In this contribution, we discussed the motivation of PUCCH transmission on Scell for TDD-FDD CA. From the perspective of UE capability, simultaneous and non-simultaneous PUCCH transmissions were separately discussed. We also discussed possible UCI carried by Scell PUCCH. Based on the above discussion, we have the following observations and proposals:
Observation 1: Scell PUCCH is a straightforward solution to resolve the problem of Scell’s DL HARQ-ACK feedback.

Observation 2: Specification impact of Scell PUCCH is not significant.

Proposal 1: PUCCH shall be allowed to be transmitted on Scell. 

Proposal 2: The number of simultaneous PUCCHs shall not be larger than 2; one on FDD, and the other on TDD. The PUCCH on the FDD serving cell carries DL HARQ-ACKs of all FDD serving cells. The PUCCH on the TDD serving cell carries DL HARQ-ACKs of all TDD serving cells.

Proposal 3: For UL non-CA capable UE, Pcell PUCCH carrying Scell’s DL HARQ-ACK shall be reused in some subframes. 

Proposal 4: Semi-static and dynamic TDM patterns shall be further studied for PUCCH transmission of UL non-CA capable UE. 

Proposal 5: Scell PUCCH shall carry at least the Scell’s DL HARQ-ACK.

Proposal 6: Scell PUCCH does not carry Pcell’s DL HARQ-ACK.

Proposal 7: Scell PUCCH can carry DL HARQ-ACK of other Scells with the same duplex mode.

Proposal 8: Scell PUCCH does not carry SR.

Proposal 9: Scell PUCCH can carry periodic CSI to reduce the probability of CSI dropping. 
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