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Introduction

During RAN1#62, it has been agreed that:

· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection
· For Rel-10 UEs that support more than 4 A/N bits: 
· Both PUCCH format 1b with channel selection and DFT-S-OFDM are supported

· PUCCH format 1b with channel selection up to 4 A/N bits

· DFT-S-OFDM for the full range of A/N bits
· UE is configured by higher layers between DFT-S-OFDM and PUCCH format 1b with channel selection
For LTE-A TDD, ACK/NAK bundling is an essential element to support these UL ACK/NAK feedback schemes, considering limited container capacity and significant increased ACK/NAK overhead [1-4]. Hence, as stated in [1], ACK/NAK bundling across spatial, time, and/or component carrier (CC) domains is considered as potential candidates to reduce UL feedback overhead.

In this paper, we focus on UL ACK/NAK bundling ways in LTE-A TDD, and show that:

· From system throughput and standardization efforts points of view, ACK/NAK CC-domain bundling should be prioritized in LTE-A TDD.

ACK/NAK Partial Bundling
For ACK/NAK partial bundling in LTE-A TDD, the following ways have been discussed in order to compress the ACK/NAK overhead and improve the UL coverage:
· Time-domain bundling (up to 10 ACK/NAK bits):
· ACK/NAK bundling is performed in time-domain → one or several bits are generated per configured CC.
· CC-domain bundling (up to 12 ACK/NAK bits):
· ACK/NAK bundling is performed in CC-domain → one or several bits are generated per DL subframe.
In the following we compare the two partial bundling ways in terms of error case handling  as well as system throughput performance. 
Error Case Handling
It’s well known that when the ACK/NAK bits are bundled together, error cases would be possible if UE missed PDCCH(s) and was not aware of that. 

For CC-domain bundling, as shown in Figure 1 [2], there is clear solution with effective error case handling:

· 2-bit DAI is used to indicate “the total number of assignments within the current bundle”, without additional signalling overhead and scheduling constraints.
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Figure 1 Error case handling for CC-domain bundling
However, for time-domain bundling, the error case handling can be rather complicated:
· If the DAI is encoded as “the total number of assignments per bundle”, so-called predictive-scheduling issue exists. This means unavoidable scheduling constraints and is not desirable from system performance point of view. 

· If the DAI is encoded in “pure counter” way, as shown in Figure 2, so-called last-n-grant-missing issue exists on each configured CC. In such case, last grant missing on any configured CC will lead to error case.
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Figure 2 Error cases for time-domain bundling
Note that in Rel’8 TDD, it has been proved that for ACK/NAK bundling in time domain, last-grant-missing issue will lead to unacceptable system performance if there is no additional mechanism to handle it [5]. Therefore considerable efforts have been spent to handle this issue in Rel’8.
Furthermore, it’s also noted that for ACK/NAK time-domain bundling in CA case, Rel’8 error case handling mechanism is NOT workable in following cases:
· For ACK/NAK on PUCCH format 1b with channel selection: Rel’8 error case handling mechanism is not workable. It’s rather hard to use time-domain bundling and channel selection together.
· For ACK/NAK on DFT-s-OFDM: additional bits are needed to handle potential error cases, which means total UCI payload needs to be increased or if not the system performance will be compromised. 
Based on the discussions we have the following observation

Observation 

For ACK/NAK time-domain bundling in LTE-A TDD, potential error case handling methods require more discussions as well as standardization efforts, e.g.,
· New DAI design is needed, which means increased overhead or additional scheduling restrictions.

· If Rel’8 DAI is kept, effective ACK/NAK bits for TDD will be reduced significantly, which further compromises the TDD system performance.

System Throughput
It has been shown in [3] that for up to 4-bit ACK/NAK feedback case:

· For cell average Spectral Efficiency (SE), ACK/NAK CC-domain bundling and time-domain bundling provide almost similar performance (CC domain bundling is slightly better). 

· For cell edge SE, ACK/NAK CC bundling leads to ~10% gain over time bundling.
In the following we further evaluate the throughput difference between CC-domain bundling and time-domain bundling and the simulation assumptions are:
· 4DL:1UL in time domain. 5 configured CCs in CC domain.
· Time-domain bundling: for each configured CC, ACK/NAK bundling is performed per code-word, and generates 2-bit ACK/NAK per CC. Finally, up to 2x5=10 ACK/NAK bits are generated.
· CC-domain bundling: spatial bundling and CC-domain bundling is applied as in Figure 2 to generate up to 12 ACK/NAK bits.
· Detailed simulation assumptions are shown in the appendix. 
It is observed from results in Figure 3 that
· In comparison with CC-domain bundling (12-bit), the TP loss of time-domain bundling (10-bit) is 13.4% and 15.3% for cell-average and cell-edge cases separately.
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Figure 3 DL throughput evaluation
(left: DL throughput comparison   right: Averaged numbers of assignments per bundle)

To summarize we have the following observations and proposal
Observation:

· Error case handling mechanism for time-domain bundling needs to be clarified
· This will result in considerable standardization efforts, and will further compromise the system performance.

· In comparison with 12-bit CC-domain bundling, system throughput loss of 10-bit time-domain bundling is more than 13% for both cell-average and cell-edge cases.

Proposal:

· From system throughput and standardization efforts points of view, ACK/NAK CC-domain bundling should be adopted in LTE-A TDD.

ACK/NAK Full Bundling

In Rel’8 TDD, both ACK/NAK bundling and ACK/NAK multiplexing are supported. For LTE-A TDD, there have been discussions such as in [6] that ACK/NAK full bundling ensures significant link budget improvement. Furthermore, in comparison with ACK/NAK bundling in Rel’8 TDD, additional efforts to support ACK/NAK full bundling in LTE-A TDD are expected to be limited.

As shown in Figure 4, pure-counter DAI encoding could be extended in a very straight-forward manner to support ACK/NAK full bundling in LTE-A TDD [2].
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Figure 4 DAI supporting ACK/NAK full bundling in LTE-A TDD
Proposal: 
· ACK/NAK full bundling is supported in LTE-A TDD, considering significant link budget improvement and limited standardization efforts in TDD.

Conclusions
In this paper, we discussed ACK/NAK bundling ways in LTE-A TDD, and propose that:

· From system throughput and standardization efforts points of view, ACK/NAK CC-domain bundling should be prioritized in LTE-A TDD.
· From significant link budget improvement point of view, ACK/NAK full bundling is supported in LTE-A TDD.
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Appendix

Table System level simulation assumptions

	TDD configuration 
	UL/DL Configuration 2 (DSUDD DSUDD)

	CC configuration 
	All UEs are statically configured 5x5MHz. The number of scheduled CCs/per UE/per Subframe is dynamically determined by eNB.

	CC correlation 
	Independent CCs 

	Simulation scenario 
	3GPP Macro case 1

	Fast fading model 
	TU 

	Transmission scheme 
	2x2 MIMO, dual stream with rank adaptation 

	A/N spatial bundling 
	Enabled 

	Packet Scheduler 
	Proportional fairness 
Per subframe scheduling 
Independent scheduling per CC 

	CQI feedback 
	Full reporting; 1dB error for both measurement and quantification; 2ms delay, 5ms period; Per-CC CQI report 

	First Tx BLER target 
	10%

	The number of UEs per sector 
	10

	PDCCH error model 
	Fixed BLER = 5%, ideal DAI encoding (no DTX->ACK error due to DAI encoding)

	PDCCH Tx 
	w/o cross-CC scheduling 
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