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1 Introduction
In RAN1#68bis meeting, two way forwards were discussed targeting PUCCH format 1b with channel selection TxD [R1-121875, R1-121849]. However, no consensus could be reached between supporting a resource efficient TxD scheme and supporting no TxD scheme at all in Rel-11.
It was then proposed:

Possible common solution 1:   SORTD 

Support:  Huawei, Hi-silicon, Samsung, ZTE, Nokia, NSN, LGE, RIM, ALU, ASB, 

And concluded to:
Continue discussion. Supporting companies of the common solution (SORTD) are tasked to bring a complete solution in the next RAN1 meeting.
2 Discussion
With the general introduction of transmit diversity for the uplink control channel formats in Rel-10 being SORTD, there was one major discussion on the resource efficiency of SORTD in case of PUCCH format 1b with channel selection (1bw/CS), resulting in the agreement to not introduce SORTD in Rel-10 for this format and consider resource efficient schemes in Rel-11. 
As it turned out in last meeting, that a resource efficient scheme seems not agreeable in Rel-11 but there are vast number of companies supporting the introduction of transmit diversity in general, for the sake of leveraging the transmit diversity gain for all UL control channels, no matter whether it is targeting coverage, capacity or power savings,  and at the same time minimize standardization effort and complexity, it seems suggested to support SORTD for PUCCH format 1bw/CS in Rel-11.

Proposal 1: Introduce SORTD for PUCCH format 1b with channel selection in Rel-11.
As a supporting company, as concluded in the last meeting, we now approach the task of bringing a complete solution.

In order to minimize implementation complexity and standardization effort, the newly introduced SORTD support should be oriented as much as possible towards the transmissions from the first antenna being mostly as in Rel-10. 

In Rel-10 PUCCH format 1bw/CS, the ARI is used in case of one-to-one scheduling of the carriers (PCell and SCell), i.e. the SCell’s PDSCH is scheduled by its own PDCCH rather than by the PCell’s PDCCH as is the case for cross carrier scheduling.

As for PUCCH format 3 there are two independent RRC configured sets for single antenna and diversity transmission of the ACK/NACK Resource Indicator (ARI) indicated PUCCH resource, we propose to adopt this approach for format 1bw/CS. 

Proposal 2: Introduce a TxD operation specific ARI selected RRC configured PUCCH resource set for format 1bw/CS used in one-to-one carrier scheduling case.
The PUCCH resource allocation used for the diversity antenna shall follow the rules of the first antenna as much as possible. That means for the case of one-to-one carrier scheduling:
· The implicit resource allocation based on lowest PDCCH CCE index is maintained for the PCell 
· As for Rel-10 PUCCH format 1b SORTD, the diversity resources are found by advancing the resource index consecutively from the base resource index, the same is proposed to be true for format 1bw/CS. As this approach is also used for format 1bw/CS in case of dual transport block HARQ-ACK, a priority order needs to be decided. To minimize standardization effort, resource indexing is increased for TB index first and for diversity branch second.
· The ARI based SCell UL control resource selection will provide the explicit resource index for the second antenna
· In case of dual transport block transmission on SCell, the second resource will be implicitly derived from the ARI selected first transport block resource index by advancing the resource index consecutively.
The detailed consequences for PUCCH format 1bw/CS resource allocation from these guidelines are shown in the Annex.

Proposal 3: Adopt the above guidelines for one-to-one carrier scheduling case PUCCH format 1bw/CS SORTD UL control resource mapping.
In the case of cross carrier scheduling, Rel-10 uses implicit UL control resource allocation also for the SCell [36.213, Section 10.1.2.2.1]. The TPC command of the respective DCI format is assumed to be the same in this case. One could consider using it to add further flexibility to the UL control resource allocation in case of SORTD for the second antenna. This might be especially advantageous in cross carrier scheduling case, as the PCell’s PDCCH has to schedule two cells rather than one. Hence it is considered to add another set of ARI selected RCC configured UL control resources for the cross carrier scheduling case. In order to retain the option of implicit resource allocation, this set will have an entry to indicate that. Further details of such a signaling for cross carrier scheduling are given in the Annex.

Proposal 4: Consider introduction of the ARI concept also for cross carrier scheduling to make UL control resource allocation more flexible at least for the diversity antenna resources.
Another topic that needs to be addressed is collision between PUCCH format 1bw/CS SORTD and Scheduling Request (SR). A comprehensive discussion of that is already provided in [1]. One attractive solution with respect to resource efficiency given there is to switch just the first antenna transmission to the SR resource and keep the diversity antenna resource common for both SR states. The first antenna transmission can than simply follow Rel-10 rules, since, as given previously, our consideration is to keep SORTD resource selection largely compliant with the Rel-10 procedures.  However, it is anticipated that such an approach would impact SR performance relative to ACK-NACK performance, as the SR decision is only based on a single half power transmit antenna. Further study would be needed, to assess the significance of this effect.
As baseline, SR resources could be configured to have two Rel-10 SR resources in case of PUCCH SORTD, one for each diversity antenna. 

Proposal 5: In case of SR and PUCCH format 1bw/CS collision, consider to switch the first antenna PUCCH resources according to Rel-10 SR collision rules, while keeping the diversity resources common for both SR states. If this is not acceptable due to (to be assessed) SR performance loss, consider configuring one Rel-10 SR resource per transmit antenna.
3 Conclusion

We have discussed the potential framework to introduce SORTD support for PUCCH format 1bw/CS. We propose
Proposal 1: Introduce SORTD for PUCCH format 1b with channel selection in Rel-11.
Proposal 2: Introduce a TxD operation specific ARI selected RRC configured PUCCH resource set for format 1bw/CS used in one-to-one carrier scheduling case.
Proposal 3: Adopt the following rules for one-to-one carrier scheduling case PUCCH format 1bw/CS SORTD UL control resource mapping:

· The implicit resource allocation based on lowest PDCCH CCE index is maintained for the PCell 
· The diversity resources are found by advancing the resource index consecutively from the base resource index, for TB index first and for diversity branch second.

· ARI based SCell UL control resource selection provides the explicit resource index for the second antenna

· In case of dual transport block transmission on SCell, the second resource is implicitly derived from the ARI selected first transport block resource index by advancing the resource index consecutively.
Proposal 4: Consider introduction of the ARI concept also for cross carrier scheduling to make UL control resource allocation more flexible at least for the diversity antenna resources.
Proposal 5: In case of SR and PUCCH format 1bw/CS collision, consider to switch the first antenna PUCCH resources according to Rel-10 SR collision rules, while keeping the diversity resources common for both SRs states. If this is not acceptable due to (to be assessed) SR performance loss, consider configuring one Rel-10 SR resource per transmit antenna.
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Appendix
Nomenclature is partly based on [2].
P_nCCE: index of the first CCE (nCCE) of PDCCH corresponding to PDSCH on Pcell

S_nCCE: index of the first CCE (nCCE) of PDCCH corresponding to PDSCH on Scell

ARI    : TPC of the PDCCH corresponding to PDSCH on Scell is used to indicate explicit resources as per Rel-10 [36.213, Table 10.1.2.2.1-2] in single transmit antenna mode
ARI2_{0,1}  : TPC of the PDCCH corresponding to PDSCH on Scell is used to indicate explicit resources in transmit diversity mode, as in Rel-10 for PUCCH format 3, ARI and ARI2_{0,1} are independently RRC configured sets

ARI_cs : TPC of the PDCCH corresponding to PDSCH on Scell is reused to indicate a second set of partly explicit resources used in cross carrier scheduling (cs) case with the following interpretation

	Value of ‘TPC command for PUCCH’
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	’00’
	The 1st PUCCH resource value configured by the higher layers

	‘01’
	The 2nd PUCCH resource value configured by the higher layers

	‘10’
	The 3rd PUCCH resource value configured by the higher layers

	‘11’
	S_nCCE


Table 1: Resource allocation for 2 ACK/NACK bits

	Antenna port
	0 (Rel-10 compliant)
	1

	Channel
	0
	1
	2
	3

	1-to-1 Carrier scheduling
	P_nCCE
	ARI or ARI2_0 
	P_nCCE+1
	ARI2_1

	Cross Carrier scheduling
	P_nCCE
	S_nCCE
	P_nCCE+1
	ARI_cs+1


Table 2: Resource allocation for 3 ACK/NACK bits

	Antenna port
	0 (Rel-10 compliant)
	1

	Channel
	0
	1
	2
	3
	4
	5

	1-to-1 Carrier scheduling
	P_nCCE
	P_nCCE+1
	ARI or ARI2_0
	P_nCCE+2
	P_nCCE+3
	ARI2_1

	Cross Carrier scheduling
	P_nCCE
	P_nCCE+1
	S_nCCE

	P_nCCE+2
	P_nCCE+3
	ARI_cs+1


Table 3: Resource allocation for 4 ACK/NACK bits

	Antenna port
	0 (Rel-10 compliant)
	1

	Channel
	0
	1
	2
	3
	4
	5
	6
	7

	1-to-1 Carrier scheduling
	P_nCCE
	P_nCCE+1
	ARI or ARI1_0
	(ARI or ARI1_0)+1
	P_nCCE+2
	P_nCCE+3
	ARI1_1
	ARI1_1+1

	Cross Carrier scheduling
	P_nCCE
	P_nCCE+1
	S_nCCE
	S_nCCE+1
	P_nCCE+2
	P_nCCE+3
	ARI_cs+2
	ARI_cs+3
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