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1 Introduction 

As a result of discussions in RAN1#68bis, two alternatives remain for channel selection transmit diversity in Rel-11: a common solution based on SORTD, or to not specify TxD for channel selection.  In this contribution, we consider these two alternatives in light of the requirements and design objectives agreed so far in RAN1.   
2 Merits of Channel Selection TxD for Rel-11

PUCCH transmit diversity is an optional feature in Rel-10 UEs, including UL MIMO capable UEs.  Therefore, the feature needs to be attractive to both UE vendors and operators to deploy.  From a UE perspective, it should provide better battery life and/or better coverage of multi-bit Ack/Nack.  From an operator perspective, it should provide better coverage of multi-bit Ack/Nack without degrading capacity.  While the UE benefits are feasible when PUCCH TxD configurations are managed appropriately by the network [1], PUCCH capacity (especially for explicitly allocated PUCCH resources) can be more of a concern.  Therefore, the lack of support in Rel-11 for resource efficient TxD schemes has the potential to dampen operator enthusiasm for PUCCH TxD, which in turn makes UE vendors less likely to implement it.
PUCCH TxD is a nearly-complete feature in Rel-10.  It is supported for PUCCH formats 1, 1a, 1b, 2, 2a, 2b, and 3, but not for channel selection.  Given that the link level benefits of channel selection TxD are quite similar to the other formats, there is some argument for completing the PUCCH TxD feature in Rel-11.  The only candidate that could be acceptable in Rel-11 seems to be SORTD.  Given that there has been more than 1 year of discussion, it is unlikely that this will change, at least for channel selection TxD supporting Rel-10 physical channels.
Unfortunately, there is still some danger that PUCCH TxD will be incomplete in Rel-11.  PUCCH resource allocation mechanisms for E-PDCCH have yet to be identified, so PUCCH TxD specifications supporting E-PDCCH can’t be developed yet.  It is also possible that PUCCH TxD for E-PDCCH could have improvements over that possible for PDCCH.  

The primary merit of SORTD is the simplicity with which the transmissions on the diversity antenna are generated.  However, this simplicity can be overshadowed or lost by the need for complex PUCCH resource allocation or signaling.   Therefore, it seems imperative to minimize the complexity and specification impact of SORTD on PUCCH resource allocation and related higher layer signaling.

Observations and Recommendations:
· There is some motivation from a feature-completeness viewpoint to support SORTD for channel selection in Rel-11, although it is complicated by the status of E-PDCCH.
· The decision on whether to specify Rel-11 channel selection TxD for when E-PDCCH is configured should be deferred until E-PDCCH designs stabilize.

· If specified, the complexity and specification impact of SORTD should be as small as possible.

3 Requirements for an SORTD based Rel-11 TxD scheme

The working assumption from RAN1#66bis states:

· 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
While not all elements of the working assumption seem to be agreeable at present, there seems to be consensus for the general principle that any TxD scheme specified in Rel-11 should have a common solution between FDD and TDD.  Resource allocation is the area with the largest specification impact, and presently varies according to if resources are allocated explicitly (using SPS or ARI) or implicitly, by PCell or SCell, if TDD is used, and if an Ack/Nack transmission corresponds to multiple downlink subframes (the TDD M>1 case).   

Recommendation: 

· Channel selection TxD minimizes changes to Rel-10 resource allocation signaling, using a common technique for FDD and TDD.
There is quite a variety of distinct Ack/Nack mapping tables for channel selection in Rel-10, and significant effort was spent on developing them.  They support anywhere from 2 to 4 Ack/Nack bits and were designed jointly with the resource allocation signaling.  The behaviour of the Rel-10 mapping tables stem from the distance properties of the combination of modulation symbol and PUCCH resources, as well as the availability of the resources given DTX.  Consequently, a second requirement is to use existing HARQ states and the Rel-10 Ack/Nack mapping.

Recommendations: 

· All Rel-10 HARQ-Ack states are supported for 2, 3, and 4 Ack/Nack bits

· Rel-10 Ack/Nack mapping is used for TxD

4 Resource allocation approaches for Rel-11 TxD
SORTD transmits the same symbol on both antennas using two different resources.  This requires that twice as many PUCCH resources be allocated to the UE.  As observed above, resource allocation varies according to a wide variety of conditions, and so there is the potential for SORTD to have a significant impact on the specifications.     We therefore consider PUCCH resource allocation behavior in the main scenarios where SORTD is likely to impact it.
Two basic resource allocation approaches are considered.  In the first alternative, resources for antenna port 1 are derived from Rel-10 resources allocated for antenna port 0.  In a second alternative (related to those in [2] and [3]), additional explicit resources are used to complement those available from implicit resources derived from ncce and ncce +1.  We consider these using 2, 3, and 4 Ack/Nack bits and for when FDD or TDD with M=1 for 2 aggregated cells is used or when TDD with M>1 is used for one or multiple aggregated cells.
4.1 4 Ack/Nack bits for FDD and TDD with M=1 with 2 CCs.
We first consider these two approaches for FDD and TDD with M=1 and 4 Ack/Nack bits and two configured cells.  In Table 1, we illustrate how the PUCCH resources for antenna ports 0 and 1 are determined for the cross carrier (CC) scheduling and self-scheduled (SS) cases.  The table lists the PDCCH CCE indices used for implicit resource allocation as ncce,1 and ncce,2. These PDCCHs schedule PCell and SCell, respectively.  Resources allocated by ARI are indicated by ARI(n).  As in Rel-10, we presume that ARI uses two power control bits in a PDCCH to select resources from an RRC signaled set of resources.
Table 1: Resource allocation alternatives for FDD and TDD with M=1
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	Antenna port 0
	Antenna port 1

	
	j=0
	j=1
	j=2
	j=3
	j=0
	j=1
	j=2
	j=3

	Alt. 1; CC
	ncce,1
	ncce,1+1
	ncce,2
	ncce,2+1
	ncce,1+2
	ncce,1+3
	ncce,2+2
	ncce,2+3

	Alt. 2; CC
	ncce,1
	ARI(0)
	ARI(1)
	ncce,2
	ncce,1+1
	ARI(3)
	ARI(4)
	ncce,2+1

	Alt. 1; SS
	ncce,1
	ncce,1+1
	ARI(0)
	ARI(1)
	ncce,1+2
	ncce,1+3
	ARI(0)+1
	ARI(1)+1

	Alt. 2; SS
	ncce,1
	ARI(0)
	ARI(1)
	ARI(2)
	ncce,1+1
	ARI(3)
	ARI(4)
	ARI(5)


Alternative 1 uses the same resources on antenna port 0 as those used in Rel-10 (for both cross carrier and self scheduling), using the same resource allocation mechanisms.  PDCCH CCE indices are used to determine implicit PUCCH resources allocated by PCell, and ARI is used for PDCCHs on SCell.  An equal number (4) of PUCCH resources is determined by the PDCCHs scheduling PCell and SCell.  
Because alternative 1 uses 4 implicit PUCCH resources (derived from e.g. ncce,1, ncce,1+1, ncce,1+2, and ncce,1+3), it can cause PDCCH blocking for aggregation level 2.  That is, if an aggregation level 2 PDCCH is used, then CCEs ncce,1+2 and  ncce,1+3 must be left unoccupied.  Therefore, there is some loss of PDCCH efficiency for aggregation level 2 PDCCHs.
Two methods are used in the Rel-10 specifications to allocate additional explicit PUCCH resources beyond those needed for one transport block on one UE Tx antenna.  A first method RRC signals all the PUCCH resources used on both antennas, while the second method determines the additional PUCCH resource by adding one to the resource index explicitly signaled to the UE.  Alternative 1 uses the latter method.  While it is a bit less flexible, it avoids the overhead of signaling extra PUCCH resources and avoids the need for new RRC signaling.  The specification impact of using an offset to determine the PUCCH resources on antenna port 1 would seem to be rather lower than having to change the resource allocation tables and methods for FDD and TDD, as well as for SPS and ARI.

The benefits and drawbacks of alternative 1 we can observe so far are then:

Benefits:

· Resources used on antenna port 0 are the same as Rel-10 single antenna port transmission.  This may be helpful, e.g. when the UE is reconfigured to/from two port PUCCH transmission.

· Resource allocation is consistent with Rel-10: only implicit allocation is used with PDCCHs transmitted on PCell.

· Rel-10 RRC signaling can be used, reducing signaling overhead and specification impact.

Drawbacks:

· Extra PDCCHs can be blocked.

Alternative 2 uses implicit allocation for the first PDCCH and ARI on the second PDCCH.  Two resources are allocated implicitly and 4 or 6 are allocated using ARI.  One concern with this alternative is that if the second PDCCH is missed, only the two implicit resources will be available.  Therefore, if the PUCCH resource mapping requires more than two resources when the second PDCCH is DTX, there will be an insufficient number of resources to allow the UE to transmit.  In FDD, if a serving cell is DTX, only a single resource is used for transmission.  Therefore, alternative 2 should have sufficient resources if either PDCCH is DTX.   However, in TDD, any of the two resources signalled on PCell may be used for transmission when the SCell is DTX.  Therefore, alternative 2 may not have sufficient resources if the PDCCH bearing ARI is DTX.   
The use of ncce,1+1 for the second antenna port in alternative 2 is inconsistent with Rel-10 single antenna port transmission, where ncce,1+1 is used for Ack/Nack for a MIMO codeword.  Therefore, there may be a period of time when Ack/Nack can’t be decoded while a UE is reconfigured to/from Rel-10 single antenna port transmission.   
Because alternative 2 allocates 4 or 6 resources with ARI and 2 with implicit resource allocation, it may be less efficient than when 4 resources are allocated implicitly.  Resources indicated by ARI can only be multiplexed over 4 UEs (using 2 PC bits).  Also, if PCell is DTX, some resources allocated by ARI may go unused.
If the second PDCCH is on PCell, alternative 2 deviates from Rel-10 by using ARI on the PCell.  This will likely have significant specification impact.
The benefits and drawbacks of alternative 2 we can observe so far are then:

Benefits

· PDCCH blocking can be avoided for aggregation level two (only for FDD).

Drawbacks

· TDD is not supported.

· Resources used on antenna port 0 are not the same as Rel-10 single antenna port transmission.  It may not be possible to decode A/N transmissions while the UE is reconfigured to/from two port PUCCH transmission.

· Resources may be less efficiently used when the PDCCH bearing ARI is transmitted.

· Resource allocation is not consistent with Rel-10: ARI is used on PCell.

4.2 3  Ack/Nack bits for FDD and TDD with M=1 with 2 CCs.
Table 2 shows the resource allocation alternatives for the 3 Ack/Nack bit case.  Here, ncce,1 refers to the PDCCH scheduling a MIMO transmission and ncce,2 refers to the PDCCH scheduling single layer transmission.  Because the resources allocated by a serving cell vary depending on if MIMO is used on it, it is necessary to break the self scheduled cases up into ‘a’ and ‘b’ sub-alternatives.
When 3 Ack/Nack bits are used, SORTD using alternative 1 allocates 4 implicit resources from the cell configured for MIMO, and 2 from the cell configured for single layer transmission.  Implicit resource on antenna port 1 is offset by two from that of antenna port 0 when MIMO is configured, and by one when single layer PDSCH is transmitted.  Using the two different offsets avoids wasting PUCCH resource in the single layer case.  Explicit resources are allocated according to if MIMO is used, and antenna port 1 is offset from antenna port 0 by 1 (for both 1 and 2 MIMO codewords), as in the 4 bit case. 

The relative behavior between the alternatives seems similar to the 4 Ack/Nack bit case with respect to the cross carrier scheduling case, and all the benefits and drawbacks listed in section 4.1 apply.  However, the self scheduled case has more similar behavior to alternative 1, with the difference being that the RRC signaling for ARI indicates 4 PUCCH resources, whereas at most two are indicated for alternative 1.
Table 2: Resource allocation alternatives for FDD and TDD with M=1: 3 resources
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	Antenna port 0
	Antenna port 1

	
	j=0
	j=1
	j=2
	j=0
	j=1
	j=2

	Alt. 1; CC
	ncce,1
	ncce,1+1
	ncce,2
	ncce,1+2
	ncce,1+3
	ncce,2+1

	Alt. 2; CC
	ncce,1
	ARI(0)
	ncce,2
	ncce,1+1
	ARI(1)
	ncce,2+1

	Alt. 1a; SS
	ncce,1
	ncce,1+1
	ARI(0)
	ncce,1+2
	ncce,1+3
	ARI(0)+1

	Alt. 1b; SS
	ARI(0)
	ARI(1)
	ncce,2
	ARI(0)+1
	ARI(1)+1
	ncce,2+1

	Alt. 2a; SS
	ncce,1
	ARI(0)
	ARI(1)
	ncce,1+1
	ARI(2)
	ARI(3)

	Alt. 2b; SS
	ARI(0)
	ARI(1)
	ncce,2
	ARI(2)
	ARI(3)
	ncce,2+1


Observations:

· Relative behavior between alternatives 1 and 2 is close to the the 4 Ack/Nack bit case with respect to the cross carrier scheduling case, all the benefits and drawbacks listed in section 4.1 apply.

· In order to avoid resource waste in both alternatives, the PUCCH resource used should be determined according to if MIMO is configured on a cell for FDD and TDD with M=1 if implicit scheduling is used.
4.3 2  Ack/Nack bits for FDD and TDD with M=1 with 2 CCs.
Table 3 shows the resource allocation alternatives for the 2 Ack/Nack bit case.  Here, ncce,1 and ncce,2 refer to the PDCCHs for PCell and SCell, respectively.  

When 2 Ack/Nack bits are used, the alternatives have similar behavior.  Both only use two implicit PUCCH resources per PDCCH, and so do not require additional resources when the PDCCH aggregation level 2 or more is used in the cross carrier scheduled case.  The self scheduled cases only differ in that new RRC signaling is needed for alternative 2.  Also, TDD can be supported in alternative 2 for both cross carrier and self scheduled cases.

Table 3: Resource allocation alternatives for FDD and TDD with M=1: 2 resources
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	Antenna port 0
	Antenna port 1

	
	j=0
	j=1
	j=0
	j=1

	Alt. 1; CC
	ncce,1
	ncce,2
	ncce,1+1
	ncce,2+1

	Alt. 2; CC
	ncce,1
	ncce,2
	ncce,1+1
	ncce,2+1

	Alt. 1; SS
	ncce,1
	ARI(0)
	ncce,1+1
	ARI(0)+1

	Alt. 2; SS
	ncce,1
	ARI(0)
	ncce,1+1
	ARI(1)


Observation:

· Alternatives 1 and 2 have close behavior in the 2 bit case.  The main difference is the need for additional RRC signaling in alternative 2 with self scheduling.
4.4 TDD with M>1 and 1 or multiple CCs.

In alternative 1, since Rel-10 TDD with M>1 derives one implicit PUCCH resource per PDCCH, the resource for antenna port 1 can be straightforwardly selected using ncce+1.  As in the single layer cases above, this does not require additional resources when the PDCCH aggregation level 2 or more is used.  Alternative 2 has essentially the same behavior as the earlier 4 bit case, and so is even less efficient here, since additional resources are required and they are allocated explicitly.
Table 4: Resource allocation for TDD with M>1 (1 or multiple aggregated cells): 4 resources
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	Antenna port 0
	Antenna port 1

	
	j=0
	j=1
	j=2
	j=3
	j=0
	j=1
	j=2
	j=3

	Alt. 1; CC
	ncce,1
	ncce,2
	ncce,3
	ncce,4
	ncce,1+1
	ncce,2+1
	ncce,3+1
	ncce,4+1

	Alt. 2; CC
	ncce,1
	ARI(0)
	ARI(1)
	ncce,3
	ncce,1+1
	ARI(2)
	ARI(3)
	ncce,3+1

	Alt. 1; SS
	ncce,1
	ncce,2
	ARI(0)
	ARI(1)
	ncce,1+1
	ncce,2+1
	ARI(0)+1
	ARI(1)+1

	Alt. 2; SS
	ncce,1
	ARI(0)
	ARI(1)
	ARI(2)
	ncce,1+1
	ARI(3)
	ARI(4)
	ARI(5)


Observations:

· Alternative 1 has no PDCCH blocking for aggregation level 2 or more.
· Alternative 2 has the same drawbacks as in the 4 bit FDD case.
4.5 Discussion

Alternative 1 seems to have clear advantages over alternative 2.  It: 

· allows a common solution for TDD and FDD 

· has commonality with Rel-10 resource allocation methods

· uses the Rel-10 transmissions on antenna port 0 

· has better PDCCH blocking and PUCCH resource efficiency
A simple way to express alternative 1 is:
· Rel-10 RRC signaling and resource allocation is used to determine 
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· The resource used on antenna port 0 is: 
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· The resources used on antenna port 1 are:

· 
[image: image7.wmf]2

)

1

(

j

PUCCH,

)

~

,

1

(

j

PUCCH,

1

+

=

n

n

p


for implicit resources when MIMO is configured for FDD and TDD M=1

· 
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otherwise
· TxD is supported for channel selection for

· FDD 

· TDD: all values of M; both single and multiple CCs.

Given this use of Rel-10 resource allocation and its compact expression, alternative 1 would seem to have a minimal specification impact in both RAN1 and RAN2.  
5 Conclusions
Considering the optional nature of Rel-10 PUCCH transmit diversity, its completeness as a feature, the need to limit PUCCH resource efficiency loss, the requirement to maintain UE battery life, and the status of E-PDCCH in Rel-11, we have the following observation and recommendation:
· There is some motivation from a feature-completeness viewpoint to support SORTD for channel selection in Rel-11, although it is complicated by the status of E-PDCCH.

· The decision on whether to specify Rel-11 channel selection TxD for when E-PDCCH is configured should be deferred until E-PDCCH designs stabilize.

Because it figured prominently in the channel selection TxD working agreement and discussions, there seems to be consensus that any TxD scheme specified in Rel-11 should have a common solution between FDD and TDD.  In our understanding, this principle is driven by the need to minimize specification impact.  Given that channel selection TxD specification impact is driven by resource allocation, such a scheme should have the following characteristics:

· Channel selection TxD minimizes changes to Rel-10 resource allocation signaling, using a common technique for FDD and TDD.
· All Rel-10 HARQ-Ack states are supported for 2, 3, and 4 Ack/Nack bits.
· Rel-10 Ack/Nack mapping is used.
· Rel-10 transmissions are used on antenna port 0 for TxD.
This contribution describes a low specification impact approach to a unified TxD scheme meeting these requirements that: 

· Does not require changes to Rel-10 resource allocation or RRC signaling

· Does not change Rel-10 Ack/Nack mapping tables

· Applies to both FDD and TDD and to both explicit and implicit resource allocation

· Has Rel-10 behavior on antenna port 0, simplifying TxD reconfiguration

Overall, we somewhat prefer standardizing an SORTD scheme for channel selection in Rel-11 that has all of the above characteristics and that fulfills all the above requirements.  However, we would prefer to have no Rel-11 channel selection transmit diversity if a minimal specification impact scheme meeting the requirements can’t be agreed.
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