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1 Introduction

In RAN1#68b and RAN1#69, Pcell versus Scell configuration based timings were actively discussed for Scell PDSCH HARQ timing when cross-carrier scheduled by Pcell in Case B where Pcell is a DL subset of Scell, but no conclusion has been reached yet. In RAN1#69, a working assumption has been made that cross-subframe scheduling is not supported in Rel-11. The decision implies that the claimed benefit of peak data rate achievement with the Scell configuration based timing is not valid. This contribution presents our view on the Pcell and Scell based approaches with taking into account implications of the working assumption.
2 Pcell vs. Scell configuration timing
Scell configuration timing has standardization impacts for Scell PDSCH in case of cross-carrier scheduling because resource allocation method in Rel-10 cannot be reused. On the other hand, Pcell configuration timing is a simple solution and does not need additional standardization efforts on that aspect. Furthermore, Scell configuration timing does not provide benefit compared with Pcell configuration timing because cross-subframe scheduling is not supported in Rel-11. It should be noted that without the support of cross-subframe scheduling, Scell configuration timing cannot provide PDSCH HARQ timing for PDSCH sent on the Scell when a corresponding Pcell subframe is a UL subframe. Details are discussed in subsequent sections.
2.1 No support of cross-subframe scheduling
In RAN1#69, the working assumption was agreed that cross-subframe scheduling is not supported in Rel-11. This working assumption means that an Scell PDSCH cannot be scheduled by a PDCCH from a previous DL subframe in Pcell and can be scheduled only in Scell DL subframes of which the corresponding Pcell subframe is a DL subframe. In case with cross-subframe scheduling, Scell configuration timing can provide UL HARQ-ACK transmission timing for the Scell PDSCH even in cases that Pcell has a UL subframe in the timing of the Scell PDSCH transmission. But, in cases without cross-subframe scheduling in which Scell PDSCHs are scheduled only in the timing where Pcell has a DL subframe, Scell configuration timing does not provide the benefit but rather leads to additional spec impacts and standardization efforts. Therefore, Pcell configuration timing can be used without causing any additional spec impact and also, with re-using the Rel-10 spec for UL HARQ-ACK resource assignment and transmission, as addressed in the next section in more detail. 
2.2 Standardization impact 
In LTE Rel-10, the use of format 1b with channel selection was agreed in case where UEs are configured with two cells. If UEs are configured to use format 1b with channel selection and Scell PDSCH is cross-carrier scheduled by Pcell, PUCCH resource for HARQ-ACK transmission in Rel-10 is implicitly mapped to CCE index of Pcell PDCCH which schedules Scell PDSCH. If Scell configuration timing is applied for Scell PDSCH cross-carrier scheduled by Pcell, the UL subframe to carry UL HARQ-ACK for Scell PDSCH can become different from the UL subframe to carry UL HARQ-ACK for Pcell PDSCH. In this regard, Scell configuration timing makes impacts on allocating PUCCH resources when an implicit method to determine PUCCH resource in Rel-10 is reused. It is illustrated in Figure 1 with an example configuration.
Figure 1 illustrates an example of PUCCH resource problems in case that Scell configuration timing is applied. In Figure 1, the arrows indicate linkage from PDCCH sent from the Pcell to the scheduled PDSCHs sent on the Pcell or the Scell. In Figure 1, PDCCH 1 and PDCCH 2 self-schedule PDSCHs sent on the Pcell, while PDCCH 3 and PDCCH 4 cross-carrier schedule PDSCHs sent on the Scell. The Pcell and the Scell configured UL-DL configurations #1 and #4, respectively. In the example, the set of Pcell DL subframes is a subset of those of the Scell (Case B). If Scell PDSCH HARQ timing follows Pcell configuration in case of the cross-carrier scheduling, PUCCH resources in UL subframe #7 can be determined by CCE indices of PDCCH 1 and PDCCH 3 sent in subframe #1, while PUCCH resources in UL subframe #2 are induced by CCE indices of PDCCH 2 and PDCCH 4 sent subframe #6 as done in Rel-10.
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Figure 1: An example of PUCCH resource problems in case that Scell configuration timing is applied.
If the Scell PDSCH cross-carrier scheduled by the Pcell follows the Pcell configuration along with the Pcell PDSCH sent in the same subframe timing, HARQ-ACKs for the both Scell and Pcell PDSCHs scheduled in the same Pcell DL subframe are transmitted on a same Pcell UL subframe. Thus, even in cases that the CCE indexes of PDCCHs 2 and 3, which are sent in different DL subframes are identical, there would not be any resource collision problem because the respective PUCCH resources determined from PDCCH 3 and PDCCH 2 exist in different UL subframes. This way, the Pcell based PDSCH HARQ timing enables fully reusing the Rel-10 specifications for UL HARQ-ACK resource assignment and transmission. On the other hand, if HARQ timing of the Scell PDSCH follows Scell configuration in case of cross-carrier scheduling, PUCCH resource collision occurs in cases that CCE index of PDCCH 3 is identical to that of PDCCH 2 because the PUCCH resources determined, respectively, from PDCCH 3 and PDCCH 2 exist in the same UL subframe #2. Thus, additional standardization efforts are unavoidable with the introduction of Scell configuration timing in case of cross-carrier scheduling or additional scheduling burden in the eNB to prevent PUCCH resource collision is incurred. All these problems can be avoided by following the Pcell configuration timing for the cross-carrier scheduled PDSCH sent on the Scell. 
2.3 Resource waste 
In LTE Rel-10, explicit mapping by TPC field in PDCCH in combination with RRC configuration of four candidate resources is used for UL HARQ-ACK resource allocation in case of self-scheduling of PDSCH sent on the Scell. In case of the explicit mapping for UL HARQ-ACK resource allocation, some additional resources for UL HARQ-ACK have to be reserved in addition to the HARQ-ACK resources for the implicit mapping to CCE indexes. The selection among the reserved resources is determined by TPC field in PDCCH. Then, the eNB can signal to UEs via TPC field in PDCCH which PUCCH resource has to be used for HARQ-ACK transmission. Those additional reserved resources by the explicit mapping are difficult to be used for other purposes. On the other hand, with the Pcell configuration timing, implicit resource mapping can be used and does not need to preserve any additional resources besides the dynamic HARQ-ACK resources because a resource for UL HARQ-ACK transmission is selected among the dynamic HARQ-ACK resources by the implicit mapping to the CCE index of PDCCH. 
3 Conclusions
This contribution addressed our view about Pcell vs. Scell configuration timing in case that Pcell is a DL subset of Scell and Scell PDSCH is cross-carrier scheduled by Pcell. Based on the discussions on the issues of Scell configuration timing without providing meaningful benefits, the following is proposed: 
Proposal: Pcell configuration timing is applied in case of cross-carrier scheduling of Scell PDSCH in TDD CA.
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