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1 Introduction 

A variety of approaches to channel selection transmit diversity were discussed in RAN1#67.  It was difficult at that time to identify a unified solution for FDD and TDD with sufficiently low specification impact that could provide the right balance of performance and resource efficiency.   Therefore, it was concluded to aim for a unified TxD scheme that is common for FDD/TDD. 

This contribution identifies an approach for a unified TxD scheme for FDD and TDD.  Its primary goals are to minimize specification impact while providing both resource efficiency and link performance.  Specification impact is minimized by avoiding changes to Rel-10 A/N mapping table and resource allocation signaling.  Resource efficiency and link performance are provided by enabling techniques such as E-SORTD2 or RSTD to be used.  
2 Requirements for Unified TxD
Most open loop channel selection transmit diversity schemes discussed to date are relatively straightforward to describe: they transmit on two antennas using different PUCCH resources.  In our observation, the main sources of complexity in channel selection transmit diversity schemes for a MIMO capable UE are not from how symbols are transmitted on the antennas, but from how the resources are allocated.  This is natural, since even Rel-10 single antenna resource allocation is complex.  In Rel-10, PUCCH resources can be implicitly or explicitly allocated, allocated by PCell as well as SCell, and the resource allocation methods vary between TDD and FDD.  Each of these cases could potentially require modification to support resource allocation needed for TxD.  Consequently, we feel a first requirement would be to minimize changes to Rel-10 resource allocation signaling.
Recommendation: 

· Channel selection TxD minimizes changes to Rel-10 resource allocation signaling.
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.    Transmission on a second antenna port by its nature requires some design of at least what is carried on the second antenna.  However, 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 data symbol mapping for the first antenna port.
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 the data symbol on antenna port 0 for TxD
In our understanding, resource efficiency was the primary reason for not supporting channel selection TxD in Rel-10, and for studying it in Rel-11.  Studies in Rel-11 have shown that resource efficient TxD is feasible and can provide good link performance.  Furthermore, the benefits from resource efficient TxD could be even greater as PUCCH resource allocation evolves.  Therefore, we feel it is a key element of a unified TxD scheme.

Recommendation: 

· Channel selection TxD supports resource efficient transmission.
The E-PDCCH will require resource allocation mechanisms for PUCCH.  These mechanisms could be more compatible with resource efficient PUCCH TxD than with Rel-10 resource allocation.  Furthermore, in order to maximize the benefit of E-PDCCH, it may be possible in Rel-11 cells that most or all of the downlink control channel transmissions could be carried on E-PDCCH.  Consequently, it makes sense to consider designs for PUCCH TxD in the context of E-PDCCH and to strive for designs that can function well when either PDCCH or E-PDCCH is configured.

Recommendation: 

· Investigate Rel-11 PUCCH TxD for when E-PDCCH is configured.
3  Unified Transmit Diversity for Channel Selection in FDD and TDD
Among a variety of resource efficient TxD schemes that have been proposed to and discussed in RAN1 meetings, RSTD [4] and E-SORTD2 [1] have shown the best performance. Both schemes are originally designed using FDD parameters, i.e. considering the FDD resource allocation framework and the Rel.-10 FDD HARQ-Ack mapping table. The techniques (such as allocating different PUCCH resources for data and RS) used in RSTD and E-SORTD2 can be used as resource efficient TxD for TDD as well. However, the DTX behaviours of FDD and TDD are different. For example, in FDD, if a serving cell is DTX, only a single resource is used for transmission; whereas, in TDD with M=1 and A=3 or A=4, if SCell is DTX, any of the two resources signalled on PCell may be used for transmission. Due to this difference, the parameters for a resource efficient TxD scheme for TDD may be different from those of FDD.
In the light of working assumptions from previous meetings, in this contribution we propose an approach to simplify the specification of a TxD scheme for both FDD and TDD using a unified set of parameters.  This approach is explained with an example shown in Table 1 which represents E-SORTD2 for transmission of 4 HARQ-Ack bits.
For each combination of HARQ-Ack bits in Table 1, one PUCCH resource index is specified for transmission of data on each antenna port and one PUCCH resource index is specified for transmission of RS on each antenna port. For example, for transmission of (A,A,A,N/D), 
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are used for data transmission on antenna port 0 and 1, respectively. For the RS transmission, 
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 are used on the two antenna ports. The resources used for RS can be expressed relative to the data resource on the corresponding antenna and using a shift value denoted by 
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, meaning that the RS PUCCH resources are shifted one PUCCH resource to the left from the data resources. In the example of  Table 1, 
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 is the same for both antennas, but in general, we need two values for the PUCCH RS shift index, one for each antenna.
Table 1: 4-bit E-SORTD2
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Using the example above, we can now more generally define parameters needed for a unified TxD scheme for FDD and TDD. Let us denote the PUCCH resource indices used for data symbols transmission on antenna port 0 and antenna port 1 by
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, respectively. Also, parameters 
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 indicate the shift in RS PUCCH resources index with respect to data PUCCH resource index on antenna port 0 and antenna port 1, respectively. For any combination of HARQ-Ack bits, parameter 
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 is looked up in Rel.-10 channel selection mapping tables. Subsequently, this parameter is used to determine 
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from a TxD resource mapping table as is illustrated in the sequel.
Table 2 shows the PUCCH resource to antenna port mapping parameters in FDD for A=2, A=3, and A=4. For a given 
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 looked up from Rel.-10 channel selection mapping table, antenna port 0 uses the Rel-10 resource for transmission of data symbols in all cases of A=2, A=3, and A=4. However, the mapping on antenna port 1 is different. For example, in case of A=4, if 
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 is used for transmission of data symbols on antenna port 1.
It is seen in Table 2 that 4 resources are used for all three cases of A. As a result, the case of A=4 uses the same number of resources as in single antenna transmission; whereas, for the cases of A=3 and A=2, respectively 1 or 2 additional resources are required. These additional resources are denoted as 
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.  Note that changes to Rel-10 resource allocation signalling are not needed to determine these resources, as they are directly calculated from those available in Rel-10.
The PUCCH resources used for RS transmission are determined using the RS shift index 
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 and the data resources. In FDD, the RS shift index is the same for both antenna ports. As an example, consider the case of A=3 with 
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will be used for RS transmission on antenna ports 0 and 1, respectively.
Table 2: PUCCH Resource to Antenna Port Mapping Parameters in FDD
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Table 3 shows the PUCCH resource to antenna port mapping parameters in TDD with M=1 for A=2, A=3, and A=4. The table is used to derive the PUCCH resources for data and RS transmission on two antenna ports the same way as described for FDD. There are two differences between the FDD and TDD mapping tables worth mentioning. In TDD, the RS shift indices for the two antenna ports are different with 
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 obtained from the table. The number of resources used for A=2, A=3, and A=4 are 4, 5, and 6, respectively, which is slightly larger than in FDD. 
Table 3: PUCCH Resource to Antenna Port Mapping Parameters in TDD with M=1
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As observed in [2], Rel-10 TDD resource allocation for M>1 is not compatible with resource efficient TxD.  Therefore, for M>1, a unified channel selection TxD will need to allocate additional resources on antenna port 1, as is done for Rel-10 SORTD.  One straightforward way to assign the PUCCH resources for the antenna ports while still using Rel-10 allocated PUCCH resource is then:
Eq. 1)  Antenna port 0 resource: 
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 , and  Antenna port 1 resource: 
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In summary, the unified TxD scheme uses the parameters in Table 2 for FDD, those in Table 3 for TDD with M=1, and Eq. 1) above for TDD with M>1.  Because different orthogonal resources are simultaneously transmitted on the antenna ports (a behaviour common to SORTD, E-SORTD, and RSTD), and resource efficiency is also enabled, we label this scheme ‘Unified-SORTD (U-SORTD1
)’.   
3.1 Antenna-Specific and Slot-Specific Modulation Symbols Mapping

In U-SORTD1, the modulation symbol can be obtained from Rel.-10 channel selection mapping tables and can be replicated on both antennas and both slots. However, the performance of the TxD schemes can be enhanced by utilizing antenna-specific and slot-specific modulation symbols. This is shown in Table 4 for both FDD and TDD.
A new parameter
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, which represents the modulation symbol on antenna port p and slot 
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 are looked up from a Rel.-10 channel selection mapping table. Using these values, the modulation symbols on each antenna port and each slot are determined from Table 4. As is observed in the table, the modulation symbol mapping on port 0 is the same as Rel.-10 mapping. For port 1, however, the modulation symbol may be different from port 0 and it may also vary between the slots. For example, in TDD with A=3, if 
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, the modulation symbols for the two slots on port 1 is given in the last two columns of the table. In the same case, if 
[image: image81.wmf])

1

(

0

,

PUCCH

)

1

(

PUCCH,

n

n

i

=

 or 
[image: image82.wmf])

1

(

1

,

PUCCH

)

1

(

PUCCH,

n

n

i

=

the modulation symbol is the same for both slots and is the same as port 0.  Note that antenna-specific modulation can be used without slot-specific modulation by setting 
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.  This can reduce complexity at a small cost in performance, as is discussed in [4].
Table 4: Modulation symbols for FDD and TDD with M=1 and 
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Therefore, two enhanced performance versions of U-SORTD are possible.  We refer to using U-SORTD1 resource allocation with the same modulation symbols over a subframe, but different modulation symbols on the antennas as ‘U-SORTD2’.  ‘U-SORTD3’ refers to U-SORTD1 resource allocation with both slot- and antenna- specific modulation (using Table 4).
3.2 Enhanced Resource Efficiency for TDD

The resource efficiency for TDD can be improved for the TDD A=4, M=1 case by using 5 instead of 6 resources.  The parameters for this are given below in Table 5.  Note that, while not shown in the table, 
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for A=2.  Also, note that the resource efficiency is improved only for A=4:  4 and 5 PUCCH resources are used for A=2 and A=3, respectively (with the same parameters as in Table 3).  
Table 5: Reduced PUCCH Resource Parameters in TDD with M=1 and 
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It can be seen from Table 5 that the use of 5 instead of 6 resources for A=4 is slightly more complex.  Here, the Rel-10 modulation symbol 
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determines the PUCCH resource on antenna port 1.  When 
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 (i.e., the Rel-10 modulation symbol is real), the port 1 resource is selected from one set of PUCCH resources, and when 
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 (i.e., the Rel-10 modulation symbol is imaginary), port 1 resource is selected from a different set of PUCCH resources.
A resource efficiency enhancement of U-SORTD can be constructed from U-SORTD1 by replacing Table 3 with Table 5.  We label this version ‘U-SORTD4’.
4 Simulation Results

We study the performance of transmit diversity for channel selection in FDD and TDD for the cases of 2, 3, and 4 HARQ-Ack bits transmission. For all scenarios, the performance of the TxD scheme is compared against the performance of perfect antenna power combining (PC).  The simulation assumptions are provided in the Appendix.

In the Ack/Nack multiplexing simulation assumptions of Rel.-10 [3], three performance requirements are agreed on for Ack/Nack transmission:

1) Probability (PUCCH ACK ( NACK / DTX) = 1%

2) Probability (PUCCH NACK ( ACK) = 0.1%

3) Probability (PUCCH DTX ( ACK) ≤ 1%

Table 6 and Table 7 summarize the required SNRs of TxD and PC for A=2, 3, 4 HARQ-Ack bits in FDD and TDD, respectively. The minimum required SNR is defined based on the above mentioned performance requirements. For each scheme, a DTX to Ack error rate of less than or equal to 1% is determined such that the SNR that satisfies the first two requirements is minimized. This optimum value of DTX to Ack error rate ensures the best performance of each scheme.  The DTX to Ack error rate varies for the different schemes and is shown in the last row of the tables.
Table 6: Minimum required SNR for TxD and PC in FDD

	No. of A/N Bits
	A=2
	A=3
	A=4

	Scheme
	TxD
	PC
	U-SORTD3
	PC
	U-SORTD3
	PC

	Required SNR
	-8.96dB
	-7.81dB
	-7.76dB
	-6.83dB
	-7.37dB
	-6.44dB

	Gain over PC
	1.15dB
	0dB
	0.93dB
	0dB
	0.93dB
	0dB

	DTX to Ack Error Rate
	1%
	1%
	0.12%
	0.13%
	0.13%
	0.19%


Table 7: Minimum required SNR for TxD and PC in TDD

	No. of A/N Bits
	A=2
	A=3
	A=4

	Scheme
	TxD
	PC
	U-SORTD3
	PC
	U-SORTD3
	U-SORTD4
	PC

	Required SNR
	-8.96dB
	-7.81dB
	-8.37dB
	-7.50dB
	-7.58dB
	-7.31dB
	-6.21

	Gain over PC
	1.15dB
	0dB
	0.87dB
	0dB
	1.37dB
	1.1dB
	0dB

	DTX to Ack Error Rate
	1%
	1%
	0.6%
	1%
	0.21%
	0.12%
	0.21%


The TDD results may be of greatest interest; in our understanding prior contributions have only shown the performance of channel selection TxD for the FDD mapping tables.  We observe that the TxD gains from for TDD are similar to, and in the case of A=4, better than those of FDD.  Gains in almost all cases are about 1 dB, with the exception being A=4 TDD, where 1.4 dB gain is achieved.
5 Channel Selection TxD Use Cases

5.1 MIMO: FDD and TDD with M=1

For Rel-10 FDD and TDD with M=1, the use of more than 2 Ack/Nack bits in carrier aggregation occurs only when SU-MIMO is configured.  Therefore, it is reasonable to ask how often there will be a benefit from channel selection TxD for 3 or 4 Ack/Nack bits if this configuration is itself infrequent.   

Recent LTE SU-MIMO field trials [5] in an urban macrocellular environment in our understanding show that 2 layer MIMO can be used over a significant part of the cell, even when the cells are at full load and taking into account antenna designs possible in UE form factors as well as body losses etc.  Considering Figure 3 from the paper below, the 10% worst SINR is around ~7 dB for the loaded network case.  Given Figure 7 from the paper, we find that rank 2 is selected around 50% of the time around this SINR.  This leads us to believe that it is likely that a UE can be configured for 2 layer transmission over a substantial part of a cell.

Given that it is realistic for a UE to be frequently configured with 2 layer SU-MIMO, there seems to be good potential benefit for a carrier aggregation FDD or M=1 TDD UE from the use of channel selection TxD.

[image: image144.emf]
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5.2 TDD with M>1

TDD with M>1 can be configured in more general radio conditions than SU-MIMO, since SU-MIMO is only beneficial when there is sufficient rank available from both the channel and the antenna configuration.  In particular, we note that antenna configurations recently prioritized by operators [6]

 REF _Ref315710706 \r \h 
[7] for low power nodes include single antenna and configurations where eNB receive antennas can be highly correlated.  In these configurations, the gains of UE TxD can be more substantial (in some internal studies on the order of 1 dB more).  
While Rel-10 resource allocation with M>1 is not well suited to resource efficient TxD, and so U-SORTD does not support resource efficient TxD for M>1 at present, this could change as PUCCH resource allocation evolves (e.g. for when E-PDCCH is configured).  Given its potential to improve both link performance and spectral efficiency going forward, resource efficient TxD is worth considering for TDD M>1 use cases.

We therefore feel that the benefit of TxD, especially resource efficient TxD, could grow as the specifications evolve and the deployment of low power nodes increases.

6 Conclusions

In our understanding, the intention of a unified TxD scheme that is common for FDD/TDD is to minimize specification impact for both FDD and TDD, while providing the right balance of performance and resource efficiency.   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.

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

· Rel-10 Ack/Nack mapping is used for the data symbol on antenna port 0 for TxD

· Channel selection TxD supports resource efficient transmission.

This contribution describes a low specification impact approach to a unified TxD scheme meeting these requirements that: 

· Provides both resource efficiency and link performance

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

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

Given that simulation results show significant TxD gains for both FDD and TDD in relevant use cases, we propose that a unified channel selection TxD scheme is supported in Rel-11 with the characteristics above, using the ‘U-SORTD’ approach.  The version without antenna-specific modulation (‘U-SORTD1’, that is e.g. based on E-SORTD2) can be used if minimal complexity is desired.  Antenna specific modulation (‘U-SORTD2’) or slot- and antenna-specific modulation (‘U-SORTD3’) may be used for improved performance.  Lastly, if further optimized resource efficiency for TDD is desired, ‘U-SORTD4’ can be used.  To further clarify the specification impact, we provide a sketch of the CR needed to implement U-SORTD1 and U-SORTD3 in the ZIP file with this document.  The changes needed to support U-SORTD1 and the additional changes to support U-SORTD3 are shown.
We also observe that methods for PUCCH resource allocation when E-PDCCH is configured have yet to be developed, and given the potential of E-PDCCH to be extensively used, it is desirable for a unified TxD scheme to support operation with E-PDCCH.  Therefore, we propose:
· Investigate Rel-11 PUCCH TxD for when E-PDCCH is configured.
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Appendix: Simulation Assumptions
Table 8: Simulation Assumptions
	Parameter 
	Assumption 

	Carrier Frequency 
	2 GHz 

	Bandwidth 
	5 MHz

	Cyclic Prefix
	Normal

	PUCCH Configuration 
	Format 1b 

	
[image: image146.wmf]PUCCH

shift

D


	2

	No. of Ack/Nack bits
	2.3,4

	Number of PRBs 
	1 

	Frequency Hopping
	On (at slot boundary)

	MIMO Configuration 
	1x2 and 2x2 

	Channel Model 
	ETU

	UE Speed 
	3 km/h 

	Receiver 
	Maximum Likelihood

	Channel Estimation 
	Realistic 

	RX false alarm detection threshold
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