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1 Introduction

During RAN1#62bis, following progress has been made regarding UL ACK/NAK feedback in LTE-A TDD:

· For A/N feedback for TDD with PUCCH Format 3:

· Mode 1: 

· Supports A/N payload size of up to 20 bits

· If the number of A/N bits to be indicated would be >20, spatial bundling is employed

· No bundling is employed if the number of A/N bits is <=20 bits

· FFS whether a Mode 2 is also supported:

· Spatial bundling with time or CC bundling (the same bundling domain as for mode b) is employed in addition to spatial bundling in cases when the number of A/N bits to be indicated would be >x 

· For A/N feedback for TDD with PUCCH Format 1b with channel selection:

· Mode a:

· If the number of A/N bits to be indicated is <=4, no bundling is used

· Mode b:

· Spatial bundling with time- or CC-domain bundling (FFS which) is used if the number of A/N bits to be indicated would be >4

In addition, for channel selection table, it is stated that:

· R1-105476 is adopted subject to aiming to extend it to TDD (i.e. w.r.t. N/D) - can be revisited at RAN1#63. 

· If it is not found to be satisfactorily possible to use R1-105476 for TDD, then reconsider R1-105807.

In this paper, we discuss on the remaining issues and present our views on accordingly. 
2 Partial Bundling Way in Channel Selection Mode b
For ACK/NAK partial bundling in PUCCH format 1b with channel selection Mode b, the following partial bundling ways have been discussed in order to compress ACK/NAK overhead:
· Time-domain bundling: ACK/NAK bundling is performed in time-domain → one or several bits are generated per configured CC.

· CC-domain bundling: ACK/NAK bundling is performed in CC-domain → one or several bits are generated per DL subframe.
In the following these two partial bundling methods are compared in terms of different aspects, such as the error case handling, CC-reconfiguration ambiguity handling, applicability in different number of CCs, resource allocation, and DL system throughput.
2.1 Error Case Handling
It’s well known that, with ACK/NAK bundling error case are possible if UE missed PDCCH(s) and was not aware that. 

For time-domain bundling, such kind of error case always exists if no additional mechanism specified:
· If the DAI is encoded as “the total number of PDCCHs per CC”, so-called predictive-scheduling issue exists, which means unavoidable scheduling constraints and is not desirable from system performance point of view. 

· If the DAI is encoded as pure counter way, as shown in Figure 1-a, 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.

· If the DAI is encoded as “the total number of PDCCHs per DL subframe”, as shown in Figure 1-b, UE will have no chance to distinguish the error case if it receives nothing during one DL subframe. In addition, such DAI encoding is also against the argument for time-domain bundling like maximum re-using Rel’8 mechanism. 
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Figure 1 Error cases for time-domain bundling
For time-domain bundling, additional UL overhead is needed to handle potential error cases. From the discussions in [1] and [2], 50% ACK/NAK payload needs to be sacrificed for error case handling. As a result, the effective ACK/NAK payload is limited to up to 2-bit for PUCCH 1b with channel selection Mode b. As is shown later in section 2.5, the reduction of effective ACK/NAK bits will significantly compromise the DL throughput performance. 
For CC-domain bundling, there is clear solution for error case handling as shown in Figure 2-a:

· 2-bit DAI is used to indicate “the total number of PDCCHs within current bundle”, without additional signaling overhead and scheduling constraints.
For CC-domain bundling, one special case relates to SPS transmission, as shown in Figure 2-b. In this example, if SPS presents and all PDCCHs within the same bundle are missed, UE may send ACK corresponding to this bundle, which may lead to error case. However, such a case could be solved by proper eNB implementation. For example, dynamic scheduling can always override the SPS assignment if any when there is only one dynamic PDCCH within the same bundle. Or alternatively, SPS UE can be configured in PUCCH format 3 where no such error case exists. Since the number of UEs which are aggregated with multiple CCs in Rel’10 is not expected to be large, such implementations not necessarily compromise the system performance. It is due to the same reason that the use case of SPS assignment for CA UEs can be rather limited in practice. 
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Figure 2 Error case handling for CC-domain bundling
Observation 1: Time-domain partial bundling leads to inefficient ACK/NAK feedback, where 50% ACK/NAK payload has to be sacrificed for error case handling. 
2.2 Ambiguity Handling

Ambiguity handling during CC re-configuration is another important issue. For time-domain bundling,

· When UE is configured with 2 CCs, 4 bits will be generated in all cases (2 bits per configured CC). 

· When UE is configured with single CC, the following two options exist:
· Option 1: Rel’8 TDD ACK/NAK bundling mechanism is applied (1 bit for 1 CW, and 2 bits in total).

· Option 2: Rel’8 TDD channel selection mechanism is applied (1 bit for 1 DL subframe).

However, it’s noted that above 2 options are all problematic to handle the ambiguity related to CC re-configuration:

· For option 1, the ambiguity about the number of ACK/NAK bits exists between eNB and UE during uncertain configuration period. In 2-CC case, 4 ACK/NAK bits need to be feedback. While for single CC case, it requires only 2 ACK/NAK bits.
· For option 2, the ambiguity about the meaning of each bit exists between eNB and UE during uncertain configuration period. In 2-CC case, certain ACK/NAK bit may be used for the bundled ACK/NAK for a given CC or may be used for error case handling. In single CC case, each bit means ACK/NAK result for each DL subframe.
According to above discussions, with time domain partial bundling it seems hard to handle the ambiguity due to CC-reconfiguration unless additional mechanism (e.g. special resource allocation schemes) is introduced. 

For CC-domain bundling, the number of ACK/NAK bits depends on TDD DL/UL configuration. In addition, the meaning of each ACK/NAK bit remains unchanged during CC re-configuration. Therefore we have the following observation
Observation 2: CC-domain bundling is robust to CC re-configuration, while time-domain bundling is not.

2.3 Use Cases in terms of Number of CCs
A well-designed channel selection mechanism should have no unnecessary constraint about the number of aggregated CCs, and UL coverage/UE battery life could be optimized at the same time. It’s of course a solution of interest. 

However, for time-domain bundling, only up to 2-CC could be supported due to error case handling overhead. This makes the use cases of channel selection to be rather limited in practice. While for CC-domain bundling, there is not such kind of constraint.
Observation 3: Time-domain bundling is limited to 2-CC case, while CC-domain bundling has no such constraint.

2.4 Resource Allocation
As discussed in [3], [4], for CC-domain bundling, the resource allocation for PUCCH Format 1b with channel selection mode b could be based on following simple extension of the agreement in [5]:
· One PUCCH resource is allocated for each ACK/NAK bundle. 

· If at least one PDCCH associated with a given ACK/NAK bundle is received on Pcell 

· If one PDCCH associated with the same ACK/NAK bundle is for scheduling PDSCH on the PCell,  ACK/NAK resource is implicitly allocated by that PDCCH. 

· If all PDCCHs associated with the same ACK/NAK bundle are for scheduling PDSCHs on the  SCells,  ACK/NAK resource is implicitly allocated by one of the PDCCHs according to a predefined priority order between the PDCCHs. 

· Consider defining the priority order based on the lowest CC-index. 

· If all PDCCHs associated with a given ACK/NAK bundle are received on Scells 

· ARI in each of the PDCCHs explicitly indicates the ACK/NAK resource 

· ARI in all the PDCCHs are the same 

For time-domain bundling, the resource allocation mechanism still needs more discussions. For example, based on the agreement in [5], it needs to be clarified how 4 ACK/NAK resources are to be allocated for the case where one ACK/NAK bundle associates with PCell and another associates with SCell.

Observation 4: Resource allocation for CC-domain bundling is more straightforward, based on existing agreement. 
2.5 System Throughput
To clarify the throughput difference between two bundling ways, we evaluated following cases:
· Scheme 1: CC-domain bundling → spatial bundling and CC-domain bundling is applied as in Figure 3-a to generate 4 ACK/NAK bits.

· Scheme 2: Time-domain bundling → spatial bundling and time-domain bundling is applied as in Figure 3-b to generate 2 effective ACK/NAK bits, and another 2 bits are used for error case handling as proposed in [1], [2].
For time domain bundling we believe that in order to observe the practical system performance, one needs to model the negative impact in consuming part of the ACK/NAK bits for handling the error case. 
The evaluations assume 4DL: 1UL subframes in the time domain and two configured CCs in CC domain. Detailed system parameters are shown in the Appendix. 
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Figure 3 Simulation schemes for ACK/NAK partial bundling
The simulation results are summarized in Figure 4, which show that:
· In comparison with CC-domain bundling, the throughput loss of time-domain bundling is 13.3% and 15.8% in cell-average and cell-edge cases, respectively. 
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Figure 4 DL Throughput Evaluation Results
Observation 5: 

· Error case handling overhead for time-domain partial bundling leads to significant loss (>13%) in cell average or cell edge TP when compared with CC-domain partial bundling. 

· From system performance point of view there is no reason to adopt time domain partial bundling. 
Table 1 summarizes our observations on the two bundling ways, which shows that CC-domain bundling is more suitable for ACK/NAK on PUCCH Format 1b with channel selection Mode b.
Table 1   Comparison between CC-domain bundling and time-domain bundling

	Bundling Scheme
	Error Case Handling
	Ambiguity Handling
	Number of CCs
	Resource Allocation
	System Throughput

	CC-domain bundling
	Clear solution
	Robust for CC re-configuration
	No constraint
	Straightforward based on existing agreement
	>13% TP gain in comparison with time-domain bundling

	Time-domain bundling
	Sacrificing 50% payload for error case handling
	Additional mechanism is needed to handle the ambiguity
	Limited to 2-CC case
	Unclear. Additional discussions/efforts are needed.
	Poor due to additional error case handling overhead.


Proposal 1:
· In LTE-A TDD, for ACK/NAK on PUCCH Format 1b with channel selection (Mode b), spatial bundling with CC-domain bundling is used if the number of A/N bits to be indicated would be bigger than 4.

· 2-bit DAI is used to indicate the total number of PDCCHs within the current bundle.

· ACK/NAK bundling pattern is pre-defined.

· ACK/NAK resource allocation is the simple extension based on existing agreement in [5].

3 Other Issues on TDD ACK/NAK feedback
From the discussions in Section 2, it can be seen that CC domain partial bundling combined with channel selection is a good fallback solution for power-limited UEs. CC domain partial bundling does not have a constraint on the number of configured CCs, therefore it is desirable especially when UE may have quite different DL and UL geometry due to, e.g., different interference conditions. Based on these discussions, there seems to be no clear motivation of supporting ACK/NAK partial bundling for PUCCH format 3, i.e., mode 2. 
Proposal 2: In LTE-A TDD, for ACK/NAK feedback on PUCCH Format 3, partial bundling (Mode 2) is not supported.
One more proposal regarding channel selection mapping table is as the following [6]
Proposal 3: In LTE-A TDD, channel selection table in R1-105807 is adopted.
Conclusions
In this paper, we discussed the remaining issues on ACK/NAK feedback in LTE-A TDD, and proposed the following for LTE-A TDD:

· For ACK/NAK on PUCCH Format 1b with channel selection (Mode b), spatial bundling with CC-domain bundling is used if the number of A/N bits to be indicated would be bigger than 4.

· 2-bit DAI is used to indicate the total number of PDCCHs requiring ACK/NAK feedback within the current bundle.

· ACK/NAK bundling pattern is pre-defined as shown in Appendix.

· ACK/NAK resource allocation is the simple extension based on existing agreement.

· For ACK/NAK feedback on PUCCH Format 3, partial bundling (Mode 2) is not supported.

· Channel selection table in R1-105807 is adopted.
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Appendix

Table A-1

System level simulation assumptions

	TDD configuration 
	UL/DL Configuration 2 (DSUDD DSUDD)

	CC configuration 
	All UEs are statically configured 2x5MHz. 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 


Table A-2
 ACK/NAK bundling pattern for channel selection Mode b
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*In the table M is the number of DL subframes associated with single UL subframe, and N is the number of configured CCs. For each example pattern the topmost CC denotes the PCC. 
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