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1. Introduction
This contribution deals with details related to PUCCH resource indication in the case of transmit diversity scheme with channel selection for carrier aggregation. During RAN1 #62 meeting [1] and e-mail discussion after RAN1 #63 meeting, it is agreed that :

· At least for the case of non-channel selection
· Adopt Alt 1 (i.e. SORTD is always on if configured by (i.e. by RRC)) with second resource being determined from n_CCE+1.
· SORTD is agreed for Format 3 in Rel-10.
· TxD schemes that minimise the impact on multiplexing capacity will be studied for Rel-11.
As in the agreement, when PUCCH format 1/1a/1b with SORTD (Spatial Orthogonal Resource Transmit Diversity) is configured in non-carrier aggregation circumstances, the PUCCH resource for second antenna is derived from n_CCE+1 at least for the case of non-channel selection. For PUCCH format 3, SORTD was agreed for format 3 in Rel-10 during e-mail discussion after RAN1#63 meeting. However, we don't have any agreement on resource assignment when we use transmit diversity scheme (e.g. SORTD) with channel selection and format 3 in carrier aggregation yet. In this contribution, we discuss resource indication methods for channel selection and format 3 with SORTD. 
2. Discussion
2.1. SORTD as TxD for channel selection
In RAN1 #62bis meeting, there was discussion on whether the SORTD with channel selection should be applied. Most of the companies showed that the SORTD as TxD scheme provided best performance by simulations among the several alternatives such as FSTD, STBC and so on [4]-[8], and also, it could provide substantial benefit in terms of requirement of low transmit power and coverage extension as well as A/N performance and implementation complexity. However, some companies had a concern about the reduction of multiplexing capacity due to PUCCH resource consumption twice as much as single antenna transmission. Especially, in case of using more than 4 resources, some companies stated that it could bring a serious impact. It can be also considered that certain limitation of resource allocation may be needed in this case. However, this could be addressed by explicit signaling for resource allocation for additional antenna for SORTD [3] and the benefit is perceivably substantial. Thus, we propose the following.
Proposal 1. The SORTD for channel selection in case of CA should be supported.
2.2. Resource indication for SORTD with channel selection 
In RAN1 #62 meeting, it is decided that, at least in case of non-channel selection, the alternative 1 in [1] is used as resource indication method for second antenna when SORTD is configured. As mentioned in previous section, when the SORTD as TxD is adopted in channel selection, we prefer applying an explicit resource indication in order to reduce the required PUCCH resources to address the resource consumption for SORTD. To describe proposed methods, we would show the two cases -   cross carrier scheduling and non-cross carrier scheduling. An example of cross carrier scheduling case is firstly shown in figure 1.
< Cross carrier scheduling case >
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Figure 1 Explicit resource indication for second antenna of SORTD with channel selection for cross carrier scheduling
In figure 1, assuming that A/N resources for 2-CW scheduled on both PCell and SCell are implicitly derived from CCE indices of corresponding PDCCH for cross carrier scheduling according to working assumption [9], the selected one resource among 4 resources needed for channel selection operation is used for first antenna, and the A/N resource indicator (ARI) reusing TPC field in PDCCH on SCell can be used for explicit resource allocation for second antenna for SORTD with channel selection since the TPC field in PDCCH on PCell is already used for power control for PUCCH and TPC field in PDCCH on SCell remains as the redundant field. By this way, we can perform the explicit resource indication for second antenna for SORTD by using redundant TPC field in PDCCH on SCell in cross carrier scheduling case.

< Non-cross carrier scheduling case >
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Figure 2 Explicit resource indication for second antenna of SORTD with channel selection for non-cross carrier scheduling
When considering non-cross carrier scheduling in figure 2, we can also indicate together the explicit A/N resource for PDSCH on SCell and second antenna for SORTD by ARI. In this case, it would need to configure one additional resource for A/N bit of corresponding PDSCH on SCell by ARI besides the explicit resource for the second antenna. For example, in figure 2, there is a DL SCell with 2CW transmission. In this case, we should indicate 3 explicit resources for SORTD with channel selection and hence, a set which is composed of 3 explicit resources should be derived from ARI as shown annex. The number of A/N resource elements for an explicit resource set can be changed by transmission mode of DL SCell and SORTD configuration. By using new explicit resources for second antenna derived from ARI on SCell, SORTD with channel selection could reduce the PUCCH resource consumption compared to straightforward resource usage for SORTD with channel selection. 
Although the cost for SORTD with channel selection is an additional orthogonal resource by the new explicit indication for second antenna, it would not bring any serious overhead in terms of the total PUCCH resources compared to twice as much as the number of required resources in typical case for SORTD because, firstly, SORTD is not mandatory for PUCCH in Rel-10, and secondly, PUCCH can be independently configured to be single antenna port mode, that is, the use of SORTD can be controlled by eNB depending on the system load, channel condition of UEs, etc. Given that the cell deployment is decided by the Rel-8 cell coverage, only a few UEs would be required to be configured for the SORTD transmission mode. Hence, the possible wastage of A/N resources due to explicit indication would not be an issue for SORTD case.
Therefore, we prefer the explicit indication for the resource for the second antenna when configuring SORTD with channel selection. 
Proposal 2. To address any possible reduction of multiplexing capacity for channel selection with SORTD, we should consider the resource limitation and explicit resource indication for second antenna by ARI.
2.3. Resource allocation for format 3 with SORTD
After RAN1#63 meeting, we have approved the usage of SORTD as TxD scheme of PUCCH format 3 during e-mail discussion and therefore, we also need to make a decision about resource allocation on PUCCH format 3 with SORTD. We had already agreed the resource allocation scheme for PUCCH format 3 with non-Tx diversity, reusing TPC field as ARI in PDCCH corresponding to Scells. If we consider the consistence as between with SORTD and without SORTD, we can easily extend the resource allocation method for non-TxD into case of PUCCH format 3 with TxD by using ARI table with 4 sets of resource pairs. So, we suggest 2 bits ARI indicates one of four PUCCH format 3 resource pairs assigned by RRC signaling.
Proposal 3. If the PUCCH format 3 with SORTD is configured, it should be supported by 2 bits ARI with 4 resource pairs of PUCCH format 3 in PDCCH corresponding to Scells.

3. Conclusion
In this contribution, PUCCH transmission with multiple antennas in Rel-10 has been discussed and the open issue from previous meeting [1] has been addressed.
For the support of TxD with channel selection, the following scheme is preferred,
· For TxD with channel selection in case of carrier aggregation
· SORTD shall be supported
· For the resource for the second antenna for SORTD with channel selection in case of carrier aggregation
· Explicit indication of the resource allocation by ARI is preferred.
For the support of TxD with PUCCH format 3, the following scheme is preferred,
· For SORTD with PUCCH format 3 in case of carrier aggregation
· It should be supported by 2 bits ARI with four PUCCH format 3 resource pairs in PDCCH corresponding to Scells.
References

[1] Chairman’s note for 3GPP RAN WG1 meeting #62, Madrid, Spain, Aug. 23- Aug. 27, 2010
[2] Chairman’s note for 3GPP RAN WG1 meeting #62bis, Xian, China, Oct. 11- Oct. 15, 2010
[3] R1-105301, “PUCCH resource allocation with TxD for channel selection”, Pantech
[4] R1-105172, “Transmit Diversity Schemes of PUCCH Format 1b with Channel Selection in Rel-10”, CATT
[5] R1-105251, “Transmit diversity for PUCCH with channel selection”, Huawei
[6] R1-105539, “Performance evaluation for transmit diversity of PUCCH Format 1b with channel selection”, NSN, Nokia

[7] R1-105579, “TxD scheme for PUCCH format 1 with channel selection”, Qualcomm Incorporated
[8] R1-105665, “Transmit Diversity for PUCCH Channel Selection”, LG Electronics
[9] R1-105040, “Way Forward on PUCCH Resource Allocation”, Samsung, CATT, ETRI, …
Annex
Table 1.  ARI mapping table for one explicit resource
	ACK/NACK Resource Indicator
	Selected ACK/NACK resource

	00
	The first resource set, {n1}

	01
	The second resource set, {n2}

	10
	The third resource set, {n3}

	11
	The fourth resource set, {n4}


In figure 1, it needs to indicate only one explicit resource by ARI for SORTD. For example, table 1 as an ARI mapping rule can be adopted in case of indicating only one explicit resource that is composed of the explicit resource for either A/N transmission of PDSCH corresponding to PDCCH on SCell or second antenna for SORTD. It is the same mapping table indicating the explicit resource by using ARI for PUCCH format 3 in Rel-10. 
Table 2-1.  ARI mapping table for three explicit resources
	ACK/NACK Resource Indicator
	Selected ACK/NACK resource

	00
	The first resource set, {n1, n2, n3}

	01
	The second resource set, {n4, n5, n6}

	10
	The third resource set, {n7, n8, n9}

	11
	The fourth resource set, {n10, n11, n12}


Table 2-2.  ARI mapping table for three explicit resources
	ACK/NACK Resource Indicator
	Selected ACK/NACK resource

	00
	The first resource set, {n1, n5, n9}

	01
	The second resource set, {n2, n6, n10}

	10
	The third resource set, {n3, n7, n11}

	11
	The fourth resource set, {n4, n8, n12}


In case three explicit resources are required for both A/N transmission of PDSCH corresponding to PDCCH on SCell and second antenna for SORTD, both Table 2-1 and 2-2 can also be used for explicit resource indication. As seen in the table 2-1 and 2-2, each set that is composed of three A/N resource elements is selected by ARI among four sets. Also, the method constructing each set in table 2-1 and 2-2 has been performed through a different RRC signaling. For example, each codepoint in the table 2-1 can be made by selecting the one set among these sets (i.e. {n1, n2, n3}, {n4, n5, n6}, {n7, n8, n9}, {n10, n11, n12}) and also can be made by choosing one resource from each of three sets that have four A/N resource elements (i.e. {n1, n2, n3, n4}, {n5, n6, n7, n8}, {n9, n10, n11, n12}) in the table 2-2. Further, above construction method for ARI mapping table can be easily extended to the case of having more than three A/N explicit resources for PDSCH corresponding to PDCCH on SCell and second antenna for SORTD. Therefore, we can indicate the explicit resource by above ARI mapping table for SORTD with CA as well as CA without SORTD. Also, above ARI mapping table can be adopted to allocate two explicit resources for PUCCH format 3 with SORTD.
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