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1. Introduction

In RAN1#58 meeting, the following decisions were made for 2Tx PUCCH transmit diversity scheme [1]:
· For PUCCH format 1/1a/1b, Spatial Orthogonal-Resource Transmit Diversity (SORTD) is applied. In SORTD, the same modulated symbol d(0) is transmitted on different orthogonal resources for different antennas

· The resource allocation for SORTD is FFS
Discussions about PUCCH format 1/1a/1b resource allocation for PUCCH transmit diversity can be found in [2]-[5]. For the transmission of SR with SORTD, Rel-8’s resource allocation rules can be directly extended to two antenna ports, i.e. configured by higher layers.  In this contribution, we propose detailed designs to the issue of PUCCH format 1a/1b ACK/NACK resource allocation with SORTD. Solutions considered in this contribution can be easily applied in both FDD and TDD systems.
2. ACK/NACK Resource Allocation for PUCCH SORTD 
With SORTD, for a semi-persistently scheduled PDSCH transmission, the ACK/NACK resources for two antenna ports can be configured by higher layers as Rel-8. And for a dynamically scheduled PDSCH transmission, the ACK/NACK resource for the 1st antenna port can also follow Rel-8’s rules, i.e., linked with the first CCE of the PDCCH scheduling the PDSCH. The problem now is how to allocate dynamic ACK/NACK resource for the 2nd antenna port. Hereby, we propose three options for this issue. 
Option 1: ACK/NACK resource for the 2nd antenna port is also linked with CCE in the PDCCH 
In this case, since the first CCE used for transmission of the corresponding PDCCH is already tied with the resource for the 1st antenna port following Rel-8’s rules, another CCE is needed to indicate the other ACK/NACK resource for the 2nd antenna port. Therefore, the eNB has to set a restriction on the PDCCH CCE aggregation level such that no less than 2, in order to assure there will always be enough CCEs indicating ACK/NACK resources for two antenna ports. 
Option 1 is well compatible with Rel-8 designs. But the most significant disadvantage of it is the restriction on CCE aggregation level, which is naturally supposed to be decided by the channel quality of the UE. 
For FDD without carrier aggregation system, this method can be directly used and the restriction on PDCCH CCE aggregation is still noticeable.

For TDD or carrier aggregation systems, however, it is not necessary to set such a tight restriction on all PDCCHs in the feedback window. In fact, the restriction in option 1 can be somehow loosened in both ACK/NACK multiplexing and bundling modes.
· For ACK/NACK multiplexing mode, the eNB only need to configure at least one of the PDCCHs in the feedback window to have an aggregation level no less than 2. In the channel selection process, the ACK/NACK resource for the 1st antenna will still be selected among all available resource candidates linked with CCEs of all PDCCHs in the feedback window. But the resource, tied with another CCE in a predefined PDCCH having larger than one aggregation level in the feedback window, is assigned to the 2nd antenna port to facilitate the ACK/NACK SORTD. In other words, the ACK/NACK feedback channel of the 2nd antenna port is not selected as that of the 1st antenna port. Instead, it is connected with a fixed CCE in the feedback window so as to relax the restriction on all PDCCHs’ CCE aggregation levels. Fig. 1 illustrates an example for ACK/NACK multiplexing mode, where there are totally 4 PDSCHs to be acknowledged in the feedback window and both PDCCH 2 and PDCCH 3 have a CCE aggregation level equal to 2. With SORTD, the ACK/NACK resource of the 1st antenna port is selected among 
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according to Rel-8 specification, while the resource of the 2nd antenna port is configured to be
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, which is connected with the 2nd CCE in PDCCH 2. In this approach, the resource for the 2nd antenna port is still linked with CCE but does not go through the channel selection procedure so as to improve scheduling flexibility on PDCCHs. Note that some special attention may be needed for the error cases with PDCCH mis-detection.
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Fig. 1 Option 1 for TDD Multiplexing Mode
· For ACK/NACK bundling mode, once there are more than one PDSCH in the feedback windows, the restriction on PDCCH CCE aggregation level could be removed, since there will naturally be more than one available CCEs regardless of the PDCCHs’ aggregation levels. As a result, two ACK/NACK resources linked with two predefined CCEs in the feedback window would be always ready for two antenna ports. In fact, the restriction for ACK/NACK bundling mode in option 1 is further relaxed and becomes only assuring there are at least two CCEs in the feedback window, since channel selection is no longer needed in bundling mode. Note that some special attention may be needed for the error cases with PDCCH mis-detection.
Option 2: ACK/NACK resource for the 2nd antenna port is configured by higher layers

In option 2, the ACK/NACK resource for the 2nd antenna port is no longer connected with CCE even for dynamic scheduling PDSCH. Instead, higher layer will semi-statically allocate an available ACK/NACK resource for the 2nd antenna port to facilitate the PUCCH SORTD. It is possible that multiple UEs share the same ACK/NACK resource configured by higher layer, and the eNB is responsible to scheduling UEs using the same resources not transmit PUCCH simultaneously.  
Option 2 does not have any restriction on PDCCH, but will result in a higher overhead of semi-persistent resource reservation even if the resource can be multiplexed by multiple UEs. There is no noticeable difference for FDD and TDD in applying option 2 if the resource allocation for the 1st antenna port completely reuses the rule in Rel-8 for both FDD and TDD systems.   
Option 3:  The eNB decides the ACK/NACK resource for the 2nd antenna port
In this option, higher layer semi-statically allocates a UE an ACK/NACK resource, which can be shared by multiple UEs so as to improve the efficiency of resources usage. 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 less than two, which implies that there is not enough CCE in the DCI assignment for two antenna ports. Under this circumstance, the ACK/NACK resource configured by high layer is needed, and the eNB may inform the UE, in either explicit or implicit way, that the semi-static configured resource is active for the 2nd antenna port.  Fig. 3A shows an example of this situation, where there is only one CCE in the PDCCH resulting only 
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is used by antenna port 1 and the semi-statically configured ACK/NACK resource 
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 is utilized by antenna port 2.

· Situation 2: The aggregation level of PDCCH scheduling the PDSCH is equal to or more than two, which means that there are enough CCEs in the DCI assignment for two antenna ports. So in this case, the resource configured by higher layer is not utilized any more, but it is still available for other UEs. As illustrated in Fig. 3-B, 
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 connected with CCE 1 and CCE 2 respectively are enough for sending ACK/NACK in two antenna SORTD case. Then these two ACK/NACK resources would be allocated to their corresponding antenna ports. Also, the eNB will inform the UE that the configured resource 
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 is not active, in either explicit or implicit way.
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Fig 3-A Situation 1 in Option 3                                    Fig 3-B Situation 2 in Option 3

Also, there is no noticeable difference for FDD and TDD in applying option 3 if the resource allocation for the 1st antenna port completely reuses the rule in Rel-8 for both FDD and TDD systems.
By combining both dynamic and semi-static ACK/NACK resource allocation, option 3 can provide a good tradeoff in the efficiency of semi-persistent resource reservation and restriction on PDCCH scheduling. 
Admittedly, similar to Option 2, it is also the eNB’s responsibility to schedule UEs using the same resources not transmit PUCCH simultaneously, which seems to be a restriction on scheduling of resources multiplexing UEs. But it should be noticed that there are still big differences between Option 2 and Option 3 in terms of resources multiplexing UEs. In fact, UEs multiplexing the same resource in Option 2 are those UEs applying SORTD. Nevertheless, UEs sharing the same resource in Option 3 are those applying SORTD and at the same time having CCE aggregation level equal to 1. The latter obviously is a subset of the former, which leads to a higher efficiency of semi-persistent resource usage. 
Furthermore, transmit diversity schemes as SORTD are usually applied by UEs with poor channel conditions, which equally means those UEs are highly possible to have CCE aggregation levels larger than one. Thus, it is indeed a rare scenario to configure a large number of UEs to apply SORTD and to have less than 2 CCE aggregation levels in their PDCCHs exactly at the same time. So the restriction on resource multiplexing UEs of Option 3 is not that severe as that of Option 2, which plus its merit on PDCCH restriction makes it a feasible and very desirable solution for the issue of resource allocation in ACK/NACK transmit diversity.   
3. Conclusions

In this contribution, we study the issue of PUCCH format 1/1a/1b resource allocation. Based on our analysis, we would like to make the following conclusions: 

· For SR transmission with SORTD, resources for two antenna ports can reuse Rel-8’s rules i.e. configured by higher layers.  ,

· For semi-persistently scheduled PDSCH transmission, the ACK/NACK resources for two antenna ports can also reuse Rel-8’s rules i.e. configured by higher layers.
· For a dynamically scheduled PDSCH transmission, 
· The ACK/NACK resource for the 1st antenna port may also follow Rel-8’s rules, i.e., linked with the first CCE of the PDCCH scheduling the PDSCH.

· In terms of the ACK/NACK resource for the 2nd antenna port, we believe that all three options mentioned in this contribution deserve further investigations. 
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