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Introduction

The paper deals with PUCCH format 1a/1b resource allocation in LTE TDD, in the case of dynamically scheduled PDSCH and carrier aggregation.
Discussion
In LTE Rel’8, one-to-one mapping between PUCCH 1a/1b and the first CCE of corresponding PDCCH is defined, which means one PDCCH is associated with one PUCCH 1a/1b resource allocation in an implicit manner.

In LTE-A, it has been agreed in RAN1#58bis that supporting mapping ACK/NAK resources on one UE-specific UL CC. 
For LTE-A TDD, it means that, during single UL subframe, multiple PUCCH 1a/1b resources (associated with multiple DL subframes in time domain and multiple CCs in frequency domain) need to be allocated on one UE-specific CC.
So, if one-to-one mapping between PUCCH 1a/1b and PDCCH is still kept in LTE-A TDD, it means on UE-specific CC:
· ACK/NAK resources allocation in LTE-A TDD is N times than that in Rel’8 TDD, where N is the number of associated CCs in frequency domain.
· ACK/NAK resources allocation in LTE-A TDD is M times than that in LTE-A FDD, where M is DL/UL ratio in time domain.

Obviously, from resource consumption point of view, it’s a too heavy burden on UE-specific CC, and results in inefficient PUCCH 1a/1b resource reservation 
In our opinion, PUCCH 1a/1b resource allocation has close relationship with related ACK/NAK transmission schemes.
As discussed in [1], [2], [3], for ACK/NAK on PUCCH format 1a/1b, following ACK/NAK modes need to be considered, which are at least optimized for power-limited UEs:
· ACK/NAK full bundling mode: 

· As in Rel’8 TDD, it’s mainly used for small number of ACK/NAK feedback. Bundled ACK/NAK result is generated via “AND” operation across multiple ACK/NAKs.

· In LTE-A TDD, such a mode could be specified to maximize UL coverage and serve as an ACK/NAK fallback mode.

· One example of ACK/NAK full bundling is shown in Figure 1.
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Figure.1 ACK/NAK full bundling mode 
· ACK/NAK partial bundling mode:

· Spatial bundling is performed as ACK/NAK multiplexing mode in Rel’8 TDD.

· Re-use channel selection mechanism in Rel’8 TDD to transmit generated ACK/NAK bits.

· CC-domain or time-domain ACK/NAK bundling is performed to fit ACK/NAK payload to multiplexing capacity. And as discussed in [2] and [3], CC-domain bundling is preferred here.
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Figure.2 ACK/NAK partial bundling mode with CC-domain bundling
For above ACK/NAK feedback modes, we have following observations from ACK/NAK resource allocation point of view:
· There will only be one (or two) ACK/NAK bit generated within each “ACK/NAK bundle”.

· Only one PUCCH channel is used for ACK/NAK transmission finally.

So, at first glance, in LTE-A TDD, it’s unnecessary to keep one-to-one mapping between PUCCH format 1a/1b and PDCCH. And there is no big obstacle to allocate ACK/NAK resource based on the granularity of “ACK/NAK bundle”, which means significantly reduced ACK/NAK resource consumption in LTE-A TDD.
In the following, we discuss separately for ACK/NAK full bundling mode and ACK/NAK partial bundling mode to see the feasibility of allocating one ACK/NAK resource per “ACK/NAK bundle” in LTE-A TDD.
Resource Allocation for “ACK/NAK Full Bundling”
“ACK/NAK full bundling” is a mode containing single ACK/NAK bundle. 
As assumed, single PUCCH 1a/1b resource is allocated to a given UE configured in such mode to transmit the bundled ACK/NAK bit(s). Furthermore, as discussed in [2], CC-domain first pure-counter DAI encoding is adopted in “ACK/NAK full bundling” mode as shown in Figure 3 which helps to detect the PDCCH missing. However, it’s well known that, for pure-counter DAI encoding, “last-n-PDCCH-missing” may lead to potential DTX-to-ACK error.

In fact, with single ACK/NAK resource allocation, it’s possible to handle such an error case as follows:
· ACK/NAK bundling across spatial code-words is applied.

· Both “ACK/NAK bundling result” and “last received DAI value” are conveyed via constellation point selection (QPSK), as in Table 1. 
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Figure.3 Resource allocation for “ACK/NAK full bundling”
         


  Table 1 Constellation point selection

	Selected Constellation point (QPSK)
	Bundled ACK/NAK value & DAI value of last received PDCCH

	(0,0)
	NAK, any DAI value

	(0,1)
	ACK, DAI=0 or 3

	(1,0)
	ACK, DAI=1

	(1,1)
	ACK, DAI=2


For such a way, we have following observations:
· eNB could know exactly that which PDCCH is the last one received by UE via selected constellation point. So, “last-n-PDCCH-missing” will no longer be an issue.
· There is no additional cost to be paid for such a way besides ACK/NAK spatial bundling. And, as evaluated in [4], the DL throughput due to adopted ACK/NAK spatial bundling will be marginal.
Resource Allocation for “ACK/NAK Partial Bundling”

Figure 4 shows an example of “ACK/NAK partial bundling” mode, where DAI encoding is based on the discussion in [2].
In such a mode:
· One PUCCH format 1a/1b resource is allocated per “ACK/NAK bundle” (the total number of PUCCH format 1a/1b resources allocated to a given UE depends on the number of configured “ACK/NAK bundles”).

· Channel selection is performed among multiple allocated PUCCH format 1a/1b resources, and is used to convey generated (bundled) ACK/NAK results.
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Figure.4 Resource allocation for “ACK/NAK partial bundling”
In our understanding, there is no any obstacle to allocate one PUCCH 1a/1b resource per “ACK/NAK bundle” in such a mode.
Detailed Resource Allocation Method

As discussed, there is no obstacle to allocate “one PUCCH 1a/1b resource per ACK/NAK bundle” in LTE-A TDD, for both ACK/NAK full bundling mode and ACK/NAK partial bundling (channel selection) mode. Following gives our thinking about the detailed method to support such kind of resource allocation.
In LTE-A TDD, the positions of PUCCH format 1a/1b resources allocated to a given UE could be decided in a pre-defined manner as follows:
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  is an UE-specific parameter, which is decided by RRC signaling, or other UE-specific parameters.

· 
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 is the total number of PUCCH format 1a/1b resources allocated to a given UE.
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 , where 
· The value of 
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 depends on the number of ACK/NAK bundles configured to a given UE.

· For the UE configured with ACK/NAK full bundling mode, 
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· For the UE configured with ACK/NAK partial bundling (channel selection) mode, 
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, where M  is DL/UL ratio in time domain.
[image: image15.emf]...... ...... ...... ......

K resources allocated for UE(i)

…...

) (i UE

para

1 

index

RA

K RA

index



…...

1 

index

RA

K resources allocated for UE(j)

) (j UE

para

K RA

index




Figure.5 Detailed resource allocation 

(The value of K depends on the number of configured ACK/NAK bundles)
As an implementation, 
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could be in following form:
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Where “
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” here means “multiply” operation, and 
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Conclusions
In this paper, we discussed PUCCH 1a/1b resource allocation in LTE-A TDD, and proposed that: 
· In LTE-A TDD, one PUCCH 1a/1b resource per “ACK/NAK bundle” is allocated. 
Based on such a way, significantly decreased ACK/NAK resource consumption in LTE- A TDD could be expected, without error cases introduction, scheduling constraints, or non-negligible performance degradation.
Related resource allocation methods were also discussed in this paper.
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