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1 Introduction 

Implicit resource allocation of four PUCCH resources for resource efficient channel selection TxD in FDD is straightforward because  ncce and ncce+1 can be used to implicitly schedule two PUCCH resources from a cell [1]

 REF _Ref307999389 \n \h 
[2][3].  However, resource efficient TxD for TDD has not been as well discussed, and as pointed out in [1], TDD may be more challenging when multiple PDCCHs require Ack/Nack in a given UL subframe (the M>1 case).  
This contribution further considers TDD resource allocation for resource efficient TxD when M>1.  We observe that when M>1 for TDD, Rel-10 based implicit resource allocation mechanisms may be insufficient to support spectrally efficient TxD schemes.  ARI based resource allocation schemes appear to be a promising alternative worth considering for this case.
2 Open Loop TxD and Rel-10 TDD Resource Allocation with M>1
A fundamental constraint for all full diversity order open loop channel selection TxD schemes proposed so far is that a distinct PUCCH resource is transmitted on each antenna.  Therefore, at least two resources must be indicated from a cell for each open loop TxD UE.  This is straightforward for channel selection using existing TDD resource allocation when HARQ corresponds to one PDSCH subframe (e.g., when spatial multiplexing is used with M=1) or ARI based resource allocation is used, since in these modes two PUCCH resources are indicated with one PDCCH.   In the case of spatial multiplexing with M=1, ncce+1 is used to indicate the second resource, and for ARI both resources are directly indicated.  Therefore, in these modes no extra PUCCH overhead is needed.  

It is not as straightforward when two PDCCHs are used to indicate two PUCCH resources from one cell (when M>1), since at present TDD implicit resource allocation indicates one PUCCH resource independently per PDCCH.  If two PDCCHs are used and only one of them may be scheduled at a time, then a resource pair must be able to be determined from one of the PDCCHs.  
In general, then, there are two options: determine the two resources from only one PDCCH or from both PDCCHs.  If one PDCCH is used, existing TDD HARQ states may need modification to support the case where the PDCCH used for PUCCH resource allocation is DTX (or Nack/DTX).  If instead both PDCCHs are used, since each indicates two, a total of 4 resources could be allocated, which is double what is needed.  This is undesirable, since a primary goal of resource efficient TxD schemes is to use the same number of resources as single antenna transmission. Therefore, using two PDCCHs with existing implicit resource allocation mechanisms for M>1 seems undesirable.

Observations:

· Rel-10 TDD resource allocation can efficiently allocate two resources on a cell when spatial multiplexing with M=1 or ARI are used.  This does not appear to be the case when Rel-10 implicit resource allocation is used and M>1.

· In order to be spectrally efficient, modifications appear to be needed to implicit PUCCH resource allocation when M>1.  Especially since subframes with M>1 require M times more PUCCH overhead, this should be carefully considered.

3 TDD implicit resource allocation for resource efficient TxD
A straightforward solution that meets the constraints of indicating two PUCCH resources from each cell using multiple PDCCHs from the cell is to indicate duplicate resources on the PDCCHs.   If the PDCCHs indicate the same pair of PUCCH resources, any one of them can be DTX, and the UE will still have the needed resources.  When implicit resource allocation is used, duplicate resources could be indicated if the PDCCHs in different subframes were to occupy the same first CCE.  This is not feasible due to UE specific search space hopping, so other solutions must be considered.
ARI based resource allocation already supports duplicate resource allocation when multiple PDCCHs contain ARI.  Therefore, it is natural to consider ARI based solutions to indicate duplicate resource on PDCCH of PCell with DAI=1.   In this approach, we use the Rel-10 method for ARI where two power control bits are replaced by ARI.  This can be done for almost all PDCCH DAIs on PCell, but we will need to ensure that at least one power control command can be received per subframe in order to maintain fast power control.  Since we need to modify resource allocation even for PCell PDCCHs with DAI=1, and this is the most challenging case to support, we focus on how this might be accomplished.  Two classes of solutions exist: those that modify power control or that modify implicit resource allocation.
3.1 Modified implicit resource allocation
In order to indicate duplicate resources, PCell PDCCH with DAI=1 should be able to indicate the same PUCCH resources as the ARI in PCell PDCCHs with DAI≠1.  A hybrid implicit-explicit approach that derives ARI bits from ncce can be used.  It may be expressed as:
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 is a set of two PUCCH resources determined using ARI, corrsesponding to the ith and (i+1)th HARQ-ACK indications for PDCCH with DAI=1.
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is the length of the PDCCH in CCEs

ncce is the index of the first CCE of the PDCCH.
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Since the same four resources can be allocated using ARI or this hybrid implicit-explicit resource indication, it is straightforward to ensure duplicate resources are allocated on all PDCCH DAIs of a cell.

3.2 Modified PUCCH power control 
If we instead use the power control bits in all PDCCH DAIs (including DAI=1) as ARI, then some alternative mechanism is needed for PUCCH power control.  Two approaches come to mind:

· Reuse antenna selection CRC masking to provide a power control bit
The Rel-8 CRC masking mechanism that is used to indicate which of the UE’s antennas to transmit PUSCH on can be reused to indicate a power control bit.  One bit power control with ((1 dB steps may be provided, and the same algorithm from Rel-8 PUCCH power control through DCI format 3A may be used.  

· Format 3/3A Group Power Control
TPC commands replaced by ARI can also be provided by DCI formats 3 and 3A.  However, this may not be a preferred approach for two reasons.  First, it may not always be desirable to power control groups of UEs’ PUCCHs in a single subframe.  Second, UEs are not presently required to simultaneously receive PDCCHs containing Format 3/3A power control commands for PUCCH and PDCCHs dedicated to one UE that contain PUCCH power control commands (i.e., PDCCHs with DCI formats 1A, 1B, 1D, 1, 2A, 2B, 2C, and 2).  

4 Initial evaluation of scheduling efficiency
The spectral efficiency impact of resource allocation schemes can be gauged by the ability to schedule a UE in a subframe.  Some preliminary simulation results using SORTD with implicit resource allocation and resource efficient TxD with modified implicit resource allocation are provided here, based on the simulation methodology given in [5].  We consider how often a UE can be scheduled on a PDSCH using PDCCH and PUCCH in a primary cell, assuming that 10 UEs’ PDSCHs are scheduled on both PCell and SCell.  A simple scheduler is used, wherein only the UE specific search space is scheduled and a single attempt is made to schedule each UE using one PDCCH size.  The simulation parameters are given in Table 1 below. 
Table 1: Simulation Parameters
	Parameter
	Value

	System bandwidth
	10 MHz

	Number of PDCCH CCEs
	40(CFI=3), or 24(CFI=2)

	Number of Rel-8 CRS ports
	2

	Number of scheduling cells 
	1 (cross carrier scheduling is supported)

	Number of serving cells
	2

	Scenario
	ITU UMa [4]

	Link adaption of PDCCH

assuming DCI format 1A
	Aggregation 1 (SNR >=  3.8 dB)

Aggregation 2 (0.2 dB <= SNR < 3.8 dB)

Aggregation 4 (-2.9 dB <= SNR < 0.2 dB)

Aggregation 8 (SNR < -2.9 dB)

	UE probability per CCE 
aggregation level [8 4 2 1]
	[0.06 0.16 0.23 0.55] 



	UE C-RNTI
	Randomly generated

	Scheduling
	10 UEs are randomly selected

	PUCCH Configuration
	4 bit format 1b channel selection

	Transmit Diversity
	SORTD using 8 PUCCH Resources

RSTD using 4 PUCCH Resources

	Resource Allocation
	SORTD: Implicit Resource Allocation

RSTD: 2 bit (4 state) ARI based allocation 

	TDD Configuration
	1


As can be seen from the results in Table 2, the extra PUCCH resources used for SORTD reduce the ability to schedule UEs significantly.  When 40, 32, and 24 CCEs are available, scheduler blocking for SORTD increases by 12% to 17%, respectively, relative to single antenna transmission.  Because RSTD uses half the PUCCH resources of SORTD, it causes less blocking on PUCCH, and therefore has better spectral efficiency than SORTD.  However, because ARI with only 4 states is used, RSTD has somewhat higher (4 to 5%) scheduler blocking than single antenna for the cases tested.  Alternatively, it can be observed that RSTD with 32 CCEs can obtain similar blocking performance to SORTD with 40 CCEs.  Therefore, RSTD can operate with 25% less resource available for both PDCCH and format 1b PUCCH than SORTD for these CCE sizes (all other parameters being equal).
Table 2: Simulation results

	
	Average fraction of PDSCHs that can’t be scheduled

	Ncce
	Single Antenna
	RSTD
	SORTD

	40
	19%
	24%
	31%

	32
	26%
	30%
	40%

	24
	36%
	40%
	53%


It should be noted that the PUCCH spectral efficiency gains from resource efficient TxD can be greater in other scenarios than the fully implicit one here.  Because PUCCH resource allocation efficiency is limited by PDCCH, gains are expected to be larger when explicit allocation is used.

5 Conclusions

In order for resource efficient TxD schemes to operate for TDD in subframes with M>1 while supporting existing HARQ states, it seems necessary to modify resource allocation.  We discussed ARI based approaches that can meet this need and provided simulation results indicating their benefits.  In particular, in preliminary results we find that SORTD can increase scheduler blocking significantly relative to single antenna transmission.  We found increases for SORTD of 12% to  17% reduction for 40, 32, and 24 CCEs, respectively, in a UMa channel.  On the other hand, when ARI based resource allocation is used for resource efficient TxD, we observed smaller increases in blocking of 4% to 5% under these conditions.  Alternatively, when operating at similar blocking rates, resource efficient TxD can use a substantially smaller amount of resource than SORTD: 25% smaller for both PUCCH and PDCCH in these simulations.     
Given the improved performance possible with modified ARI based resource allocation, it appears suitable as a mechanism to enable resource efficient TxD to be used for TDD with M>1.  However, given the limited consideration of resource efficient TxD for TDD in RAN1 so far, we are open to further discussion of TxD for TDD and M>1. 
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