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1. Introduction

In last RAN1 58 meeting, the followings were agreed;
· UL Single Antenna Port Mode is defined for the UEs with multiple transmit antennas.

· In this mode, the UE behavior is same as the UE behavior with single antenna from eNB’s perspective
· Exact UE implementation is left to UE vendors (e.g., PA architecture)

· PUCCH, and/or PUSCH, and/or SRS transmission can be independently configured for single uplink antenna port transmission

· Detail scenarios and operation FFS 
· UL Single Antenna Port Mode is the default operation mode before eNodeB is aware of the UE transmit antenna configuration

· Multiple-resource PUCCH for 2Tx
· Rel-8 PUCCH format
· PUCCH format 1/1a/1b
· Spatial Orthogonal-Resource Transmit Diversity (SORTD) is applied
· The same modulated symbol d(0) is transmitted on different orthogonal resources for different antennas
· Resource allocation is FFS
· PUCCH format 2/2a/2b: FFS
· Multiple-resource PUCCH for 4Tx
· 2Tx TxD is applied
· 2Tx TxD transmission is UE implementation issue
There were some discussions on the details of resource allocation for multi-antenna transmission [1][2]. This contribution focuses on the details of resource allocation for multi-antenna transmissions with two transmit antennas.
2. Discussion
(1) Format 1 and persistent ACK/NACK
The resource for format 1 and persistent ACK/NACK with single transmit antenna in Rel-8 is provided by RRC signalling. It seems to be natural that the two resources are provided by explicit RRC signalling.
(2) Dynamic ACK/NACK
The assigned resource for Rel-8 PUCCH has something to do with the lowest CCE index of PDCCH corresponding to PDSCH. It is natural that the first resource is determined by the corresponding the lowest CCE index of PDCCH. We categorize several candidates to allocate second resource as seen in Table 1 according to the CCE aggregation level in PDCCH as well as implicit/explicit signalling assuming that the first resource is decided by the lowest CCE index as Rel-8. The explicit signalling can be done by PDCCH, BCH or RRC signalling.
Table 1 Categorization to allocate the second resource for multi-antenna transmission in dynamic ACK/NACK transmission
	
	Implicit Allocation (1)
	Explicit Allocation (2)

	Common allocation policy regardless of  CCE aggregation level (A)
	Alt. 1-A
	Alt. 2-A

	Different allocation policy according to CCE aggregation level (B)
	Alt. 1-B
	Alt. 2-B


· Alt. 1-A (Common CCE policy+Implicit)
· Explanations

· The 2nd PUCCH resource is determined by the index corresponding to 2nd CCE in the PDCCH (i.e. 
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· Pros.

· The simplest way and no signalling overhead.

· Common policy for resource allocation regardless of the CCE aggregation level
·  Same UE behaviour on PDCCH decoding as Rel-8 may be expected.
· Cons.

· Scheduling restriction in case of one CCE aggregation level
· Alt. 1-B (Different CCE policy+Implicit)
· Explanations

· Alt. 1-B-a

· In case of >= 2CCE aggregation, the 2nd PUCCH resource is determined by the index corresponding to 2nd CCE in the PDCCH (i.e. 
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· In case of 1 CCE aggregation level, the second resource is determined by 
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· Alt. 1-B-b
· In case of  >= 2CCE aggregation, the 2nd PUCCH resource is determined by the index corresponding to 2nd CCE in the PDCCH (i.e. 
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· In case of 1CCE aggregation level, single antenna port mode is used.
· Pros.

· No signalling overhead
· In case of Alt. 1-B-a, less collision events than Alt. 1-A may be expected because the CCE preceding the first CCE used for a UE’s PDCCH can be the last CCE used by another UE’s PDCCH with aggregation level 4/8 or aggregation level 2 without TxD. In case of Alt. 1-B-b, no collision may be expected.
· Cons.

· Scheduling restriction in case of one CCE aggregation level for Alt. 1-B-a. 
· The different UE behaviour from Rel-8 with hypothesis tests to discriminate the CCE aggregation level between one and others on PDCCH decoding may be necessary.
· Alt. 1-B-b cannot exploit spatial diversity in 1 CCE aggregation. 
· Alt. 2-A (Common CCE policy+Explicit)
· Explanations

· The second resource is given by explicit signalling via PDCCH, BCH, or RRC
· Alt. 2-A-a

· Semi-static allocation for the 2nd PUCCH resource is done via BCH or RRC

· The second resource is determined by the offset value to the 1st PUCCH index or direct index indication.
· The indication for 2nd PUCCH resource can be shared with the signalling for single antenna port mode transmission when the signalled 2nd resource is predefined.
· Scheduling flexibility can be restricted with Alt.2-A-a although there is available 2nd PUCCH resource with >=2CCE aggregation if the other 2nd PUCCH index is configured.

· Alt. 2-A-b

· Dynamic allocation for the 2nd PUCCH resource is done via PDCCH

· The 2nd resource is determined by 
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· The indication for 2nd PUCCH resource can be shared with the signalling for single antenna port mode transmission (eg. 
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· Pros.

· Common policy for resource allocation regardless of the CCE aggregation level
·  Same UE behaviour on PDCCH decoding as Rel-8 may be expected.
· Scheduling restriction is alleviated in proportion to the number of 
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 values or RRC/BCH configurable values.
· No scheduling restriction in case it is used together with single antenna port mode signalling
· Cons.

· Additional PDCCH signalling overhead with Alt.2-A-b
· Alt. 2-B (Different CCE policy+Explicit)
· Explanations

· Alt. 2-B-a

· In case of >= 2CCE aggregation, the 2nd PUCCH resource is determined by the index corresponding to 2nd CCE in the PDCCH (i.e. 
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· In case of 1CCE aggregation,

· semi-static allocation for the 2nd PUCCH resource is done via BCH or RRC
· The second resource is determined by the offset value to the 1st PUCCH index or direct index indication.

· The indication for 2nd PUCCH resource can be shared with the signalling for single antenna port mode transmission when the signalled 2nd resource is predefined.

· Scheduling flexibility can be restricted with Alt.2-B-a although there is available 2nd PUCCH resource with >=2CCE aggregation if the other 2nd PUCCH index is configured.

· Alt. 2-B-b
· In case of >= 2CCE aggregation, the 2nd PUCCH resource is determined by the index corresponding to 2nd CCE in the PDCCH (i.e. 
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· In case of 1CCE aggregation,

· Dynamic allocation for the 2nd PUCCH resource is done via PDCCH

· The 2nd resource is determined by 
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· The indication for 2nd PUCCH resource can be shared with the signalling for single antenna port mode transmission (eg. 
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· Pros.
· Scheduling restriction is alleviated in proportion to the number of 
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 values or RRC/BCH configurable values.

· No scheduling restriction in case it is used together with single antenna port mode signalling
· Cons.

· The different UE behaviour from Rel-8 with hypothesis tests to discriminate the CCE aggregation level between one and others on PDCCH decoding may be necessary.
· Additional PDCCH signalling overhead with Alt.2-B-b
3. Summary
In this contribution, we discussed the details on resource allocation for SORTD. We categorized the principle for 2nd PUCCH resources according to the same/different principles between 1CCE and others as well as to implicit/explicit manner. The further discussion will be desirable with more careful consideration on pros and cons for them.
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