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1. Introduction

In RAN1#66bis the following working assumption on transmit diversity for PUCCH format 1b with channel selection was agreed:

· Transmit diversity scheme should be specified for PUCCH Format 1b with channel selection

·  For format 1b transmit diversity with channel selection 

· in FDD, at most 4 PUCCH resources are used for 2,3 and 4 A/N bits 

· FFS the number of PUCCH resources used in TDD 

· If possible, strive for a common solution between FDD and TDD

In this document the latest proposals on transmit diversity for PUCCH format 1b with channel selection are discussed.

In [1] RSTD (Resource Selection Transmit Diversity) is proposed and a similar approach is proposed in [2] named E-SORTD2. The contributions show noticeable gains for the basic idea of assigning RS and control information symbols to different control channel resources. These gains are explained by the increased code distance compared to e.g. M-SORTD2 proposed in [3] which maps RS and control information to the same resource. Based on the results from different companies [1]-[8], the relative performance is mostly consistent: SORTD performs the best. RSTD performs better than E-SORTD, which is better than M-SORTD. SCBC and M-SORTD2 performs the worst. E-SORTD2 is likely to be between E-SORTD and M-SORTD based on the results in [2].
2. Discussion
Resource assignment is a very important consideration for PUCCH format 1b with channel selection. In Rel-10, the PUCCH resources are either implicitly indicated via n_CCE (and n_CCE+1 if needed), or explicitly indicated via ARI in PDSCH grant. It is natural that Rel-11 should aim to reuse Rel-10 PUCCH resource assignment mechanism as much as possible. The working assumption was already agreed that up to 4 resources are used for FDD. This can be readily supported by the existing Rel-10 resource assignment mechanism.

For TDD, we strongly prefer that the design is consistent with FDD design as much as possible. We understand that the unavoidable differences already exist in Rel-10 for FDD and TDD, and those differences in fact result in a much more complicated design for TDD compared to FDD. From resource assignment point of view, we propose that up to 4 resources are used for TDD as well, so that the existing TDD resource assignment mechanism can be simply reused. Some discussion and analysis were provided in [2], evaluating how many additional explicit resources are needed. However, the proposal there results in different design for different TDD cases, which further complicates the system. Moreover, it is not appropriate to completely ignore the overhead caused by implicit resource assignment. The additional resource n_CCE+1 comes for free only when the PDCCH aggregation level is larger than one. By having this additional resource reserved, it prevents the eNB from using aggregation level of one even for the UEs with very good RF condition. This will reduce the PDCCH capacity. Although the mechanism was adopted in Rel-10, the extent of impact becomes larger if it is further extended to support e.g. 8 PUCCH resources per UE. Overall we do not think the additional complexity and overhead is justifiable given that the performance difference between SORTD and some good TxDIv schemes is only a few tenths of a dB.
Proposal 1: The Rel-10 resource assignment mechanism should be used as the baseline for Rel-11.

Proposal 2: At most 4 PUCCH resources are used for 2, 3 and 4 A/N bits in TDD.
In terms of the mapping table, since the Rel-10 mapping table was carefully designed to take into account all different aspects, it should be used as the starting point for Rel-11. Another important consideration for the mapping table design is that the PUCCH resources should still be available whenever one of the grants is not successfully decoded by the UE.
· Case 1: the PCell grant is not correctly decoded by the UE

· In this case, the A/N bits corresponding to the PCell have DTX state. In order to ensure the resource availability, all the states having DTX in PCell should be carried in the PUCCH resources associated with SCell grant.
· Case 2: the SCell grant is not correctly decoded by the UE

· Similar to case 1, all the states having DTX on SCell should be carried in the PUCCH resources associated with PCell grant.
A few of the proposals (e.g. RSTD in [1] and E-SORTD2 in [2]) satisfy this property and should be considered further.
Proposal 3: the transmit diversity scheme should assure that the PUCCH resources are still available whenever one of the grants is not successfully decoded by the UE.
If we consider the few proposals (e.g. RSTD and E-SORTD2) that are resource efficient with good resource allocation properties and good performance, one issue that has already been identified is that due to the PUCCH resource mapping procedure, a UL control codeword may be mapped over resource block borders resulting in the possibility of RS and data information not being mapped to the same PRB, which in turn may result in serious channel estimation errors because the two PRBs would belong to the two ends of the carrier frequency. In [1] it is pointed out, that this undesired characteristic could be addressed by proper PDCCH assignment that avoids this situation. 

Some details of this aspect should be pointed out. The Rel’10 PUCCH resource mapping to physical resources is given by [36.211, 5.4.3]. The key value with respect to resource block crossing is 
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 , data and RS would not be mapped to the same PRB in a slot, and the two PRBs are widely separated in the frequency domain. However, due to the frequency hopping across the slot boundary, the RS in the first slot and the data in the second slot would be in the same PRB or two adjacent PRBs, and vice versa. Taking advantage of this property, the RS in the first slot can be used for channel estimation for the data in the 2nd slot. Based on [36.211, Figure 5.4.3-1]
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One can observe that this can result in the following two cases:

Data and RS are separated by

· a slot difference in time direction, E.g. when 
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· a slot difference in time direction and a PRB difference in frequency direction, E.g. when 
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The channel estimation performance will certainly degrade due to channel Doppler and frequency selectivity. The extent of degradation varies depending on the channel characteristics.
Further study is needed to trade-off the performance degradation aspects originating from this vs. implementation complexity and the possible inefficiency in the PDCCH assignment procedure originating from avoiding resource block border crossing.

The mapping table design for TDD should be the same as that for FDD whenever possible. For the cases where this is not possible, the complexity of the new schemes should be carefully examined.

3. Conclusion
In this contribution, we discussed the resource assignment and mapping table design for the transmit diversity scheme for format 1b with channel selection. The following was proposed:
· Proposal 1: The Rel-10 resource assignment mechanism should be used as the baseline for Rel-11.

· Proposal 2: At most 4 PUCCH resources are used for 2, 3 and 4 A/N bits in TDD.
· Proposal 3: the transmit diversity scheme should assure that the PUCCH resources are still available whenever one of the grants is not successfully decoded by the UE.

Based on these considerations, RSTD/E-SORTD2 is observed to be good candidates for TxD scheme for PUCCH format 1b with channel selection. Further study is needed to assess the detailed impacts of the control codeword resource block border crossing aspects involved in the separation of RS and data.
Complexity should be carefully considered for TDD design, and it should aim to achieve the most commonality with FDD whenever possible.
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