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1. Introduction

In RAN1#59b meeting, the following decisions were made for PUCCH format 1/1a/1b resource allocation with SORTD [1]:
· SR: higher layer configuration of the second resource in case SORTD configured

· For PDSCH with SPS: higher layer configuration of the second resource in case SORTD configured

· For PDSCH with dynamic scheduling: 

· First resource for the first antenna port is linked to the first CCE, including single CCE case (same as in Rel-8)

· Continue discussion on alternatives including the followings for the second resource 

· Alt1: SORTD is always ON if configured

· Alt2: SORTD when two or more CCEs, fallback to single antenna port (or transparent TXD) when one CCE
Note that Alt. 2 leads to dynamic switching between multiple antenna-ports mode and single antenna-port mode, which in turn complicates PUCCH power control designs and detection algorithm. In essence, the gain brought by PUCCH TxD shall be translated into less UE ACK/NAK transmit power and hence less inter-cell interference. Alternatively, the gain of PUCCH TxD can be used to support a larger percentage of UEs with ACK/NAK multiplexing. Thus, Alt 1 shall be supported in Rel-10. In this contribution, we discuss the resource allocation for the 2nd antenna port.
2. Discussions
In Rel-8, there are basically two ways to indicate PUCCH format 1a/1b resources:

· The ACK/NACK resource is linked to the CCE index of the PDCCH scheduling the PDSCH; or
· The ACK/NACK resource is semi-statically configured by higher layers. 
According to Rel-8 ACK/NAK resource indication principal, it is possible to link the ACK/NAK resource for the second antenna with another CCE index. On the other hand, supporting Alt 1 with such a resource allocation for the second antenna requires the PDCCH comprises at least two CCEs. In order to reduce the impact of scheduler restriction, the ACK/NACK resource of the second antenna port can be configured by higher layers. Two options are discussed in the following.
Semi-statically configured by high layer
Higher layers can semi-statically allocate an ACK/NACK resource for the second antenna port to support PUCCH SORTD. A UE shall always use the semi-statically configured ACK/NAK resource for the second antenna. It is possible that multiple UEs share the same ACK/NACK resource configured by higher layers, and the eNB is responsible to avoid multiple UEs using the same configured ACK/NAK resource in a subframe. 
This scheme does not have any PDCCH scheduling restrictions. On the other hand, it may lead to a high ACK/NAK resource overhead, if there are many UEs supporting PUCCD SORTD. Although this scheme is quite simple in practice, it is not necessary in case the PDCCH comprises multiple CCEs. Therefore, we provide a more flexible method as follows.
Flexible allocation based on PDCCH aggregation level
For the second antenna port, higher layers semi-statically allocate an ACK/NACK resource, which can be shared by multiple UEs in order to improve the efficiency of resource usage. The UE shall decide whether to use the resource linked with CCE or the one assigned by higher layers, according to the PDCCH aggregation level. There are two situations need to be distinguished leading to two different processes respectively: 

· Situation 1: The aggregation level of PDCCH scheduling the PDSCH is one, which implies that there is not enough ACK/NAK resources derived from PDCCH CCE for two antenna ports. Hence, the ACK/NACK resource configured by high layers is used by the UE for SORTD. Both the eNB and the UE shall know whether or not the semi-statically configured resource is active for the second antenna port, given the knowledge on the PDCCH aggregation level. Figure 1 shows an example, where there is only one CCE in the PDCCH, from which ACK/NAK resource 
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is used by antenna port 1 and the semi-statically configured ACK/NACK resource 
[image: image3.wmf]PUCCH

X

n

 is utilized by antenna port 2.

· Situation 2: The aggregation level of PDCCH scheduling the PDSCH is larger than one, which means that there are enough ACK/NAK resources derived from PDCCH CCEs for two antenna ports. In this case, the resource configured by higher layer is not utilized anymore. On the other hand, the higher layer configured resource is available for other UEs. As illustrated in Figure 2, 
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derived from CCE 1 and CCE 2 are used for SORTD ACK/NACK transmission with two antenna ports. 
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Figure 1: Situation 1                                                                 Figure 2: Situation 2 

By combining both dynamic and semi-static ACK/NACK resource allocation, this scheme can provide a good tradeoff in terms of ACK/NAK resource utilization efficiency and PDCCH scheduling restriction. Admittedly, eNB still needs to avoid multiple UEs using the same semi-static ACK/NAK resource in the same subframe. However, this restriction only applies to UEs with PDCCH comprising only one CCE.
3. Conclusions

In this contribution, we discuss ACK/NAK resource allocation in support of SORTD. In order to fully utilize the gains brought by SORTD, it is critical that SORTD is always ON if configured by higher layers. A semi-statically assigned ACK/NAK resource can be used for the second antenna port. A UE may always use the semi-statically assigned ACK/NAK resource. Alternatively, a UE may use the multiple ACK/NAK resources derived from multiple CCEs, if available, for SORTD. The latter approach provides better ACK/NAK resource utilization efficiency. It is further noted that resource allocation in support of ACK/NAK SORTD shall consider the different ACK/NAK transmission schemes in Rel-10.
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