
3GPP TSG RAN WG1 Meeting #62





R1-104949
Madrid, Spain, 23rd – 27th August, 2010
Agenda Item:
  6.2.2.1
Source:


  ASUSTeK
Title:                   Discussion on ACK/NAK Full Bundling in LTE-A TDD
Document for:   Discussion
1. Introduction

In RAN1 #61bis, there is agreement about ACK/NACK transmission scheme on PUCCH:
Agreement (for both FDD and TDD): 

· 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: DFT-S-OFDM
The two schemes are used to accommodate larger ACK/NACK payload due to carrier aggregation. In power-limited case, whether A/N bundling across CCs is supported has been discussed. For TDD system, since DL subframes are more than UL subframes for most UL-DL configuration, A/N bundling may be required to reduce the ACK/NACK overload. Currently, A/N full bundling scheme and A/N partial bundling scheme are both proposed in some contributions [1]-[3]. In this contribution, we focus on the design of A/N full bundling scheme and share some views about it.
2. Discussion 

In LTE, multiple A/N feedbacks within multiple DL subframes associated with a single UL subframe are bundled by performing logical-AND operation when TDD A/N bundling is configured. The bundled result is transmitted via PUCCH format 1a/1b. To help UE detect whether any DL assignment is missing, 2-bit DAI field as an accumulative counter is included in DL assignment. 
In LTE-A, the A/N full bundling has similar principle: bundling all associated A/N feedbacks to generate one bundled result. Considering carrier aggregation, the A/N bundling performs not only across time domain, but also across CC domain. To ensure the detecting ability of missing DL assignment, the design of DAI field may require some study. Here, we consider two possible approaches, as an accumulative counter or as a total number indicator per subframe:  
DAI as an Accumulative Counter  
This kind of DAI denotes the accumulative number of PDSCH transmission. The DAI counts across CCs first within one subframe, and then counts to next subframe. The missing detection depends on any empties in the accumulative counting sequence. And since DAI field has only two bits, the counting number requires to be performed by (mod 4) operation. Based on the DAI design, there are some potential problems required to be considered:
· Continuous four DL assignments missing could not be detected: Currently, the PDCCH missing probability is assumed about 10-2, and continuous four DL assignments missing should be at quite low possibility if each PDCCH is not so correlative. Thus, the possible scenario should be that the four DL assignments are all carried on a single DL CC. However, it does not make sense to assign this kind of DL CC to carry PDCCH unless all DL CC are under worse channel condition.
· If there are four DL assignments in the last receiving subframe, the missing of preceding DL assignment could not be detected as shown in Fig.1. This potential problem occurs only when there is no fixed counting order across CCs. Thus, the DAI counting order between all activated CCs should be predefined. 
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                                                                                    Fig. 1

· The last continuous missing DL assignment(s) could not be detected: Since the detection ability depends on any empties in the accumulative counting sequence, this problem could not be avoided. To solve it, one approach has been proposed is to transmit both “bundling result” and “last received DAI value ” via constellation point selection (QPSK) as shown in Table 1 [1] [2]. Network could check the consistence of DAI value of last received PDCCH between UE and network. However, since the constellation point (0, 1) presents DAI=0 or DAI=3, it is possible that the last PDCCH with DAI=0 is missing. And then UE will report (0, 1) as ACK, DAI=3. In this case, eNB could not detect the last PDCCH is missing. 
                                                                 Table 1
	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


DAI as a Total Number Indicator per Subframe
This kind of DAI denotes the total number of PDSCH transmission within one subframe. With the indicator, UE could easily detect any missing DL assignment within one subframe. Based on the DAI design, there are some potential problems required to be considered: 
· Four DL assignments missing within one subframe could not be detected: This undetectable situation occurs when the number of assigned DL assignments within one subframe is five and UE only detects one of them. However, this case would occur at a quite low possibility unless those four missing DL assignments are given from a single DL CC. Considering in general case, the A/N full bundling would not apply for large number of A/N feedback, this problem may not occur.
· The missing of all DL assignments within one subframe could not be detected: Since the detection ability depends on the consistence between the number of receiving DL assignments and the indicated DAI value, and the DAI values in different subframes are individual, UE could not detect this scenario via the DAI values of former and later subframes. To solve it, one approach is to transmit both “bundling result” and “the number of DL receiving subframes” via constellation point selection (QPSK) as shown in Table 2.
                                                                 Table 2
	Selected Constellation point (QPSK)
	Bundled ACK/NAK value & the number of DL receiving subframes (N) 

	(0,0)
	NAK, any N value

	(0,1)
	ACK, N=1 or 4

	(1,0)
	ACK, N =2

	(1,1)
	ACK, N =3


For both DAI design, we have following observations:
· Both DAI designs have the undetectable problem of four DL assignments missing, but with a little different condition. For counter design, these four DL assignments should be numbered continuously. For total number indicator design, these four DL assignments should be given within one subframe. However, since the A/N full bundling scheme would not apply for large number of A/N feedback in general case, there may be no such concern for total number indicator design.
· In LTE, the DAI field performs as an accumulative counter. From the point of view, the counter design in LTE-A seems more aligned to no carrier aggregation configuration case. 
· Considering the A/N partial bundling scheme, both CC-domain bundling and time-domain bundling have been proposed [2] [3]. For CC-domain bundling, since one bundling result is generated per subframe, the total number indicator design is more suitable than counter design to avoid any undetected problem within one subframe. Thus, the total number indicator design could apply not only for A/N full bundling, but also for CC-domain A/N partial bundling.
· For different designs of DAI, UE requires to report different additional information: DAI value of last received PDCCH for counter design; the number of DL receiving subframes for total number indicator design. Since one constellation point is required to indicate NACK, only three constellation points could be used for indicating ACK with additional information. The ambiguous problem requires to be considered for the one constellation point mapping to two possible values of additional information. For counter design, the ambiguous problem occurs when the DAI value of the last assigned PDCCH is 0 or 3. The simplest way to avoid it is to restrict the DAI value of the last assigned PDCCH not to be 0. For total number indicator design, the ambiguous problem occurs when UE receives DL assignments in one subframe, but miss all DL assignments in the other three subframes. The scenario seems quite rare.  
· In LTE, the PUCCH 1a/1b resource for A/N bundling depends on the receiving timing (m value) and first CCE used for transmission of corresponding PDCCH. In LTE-A, if the PUCCH resource for A/N full bundling follows the similar rule, the resource determination may require not only time-based but also CC-based, especially for counter design. That is because the last received DL assignment used for PUCCH resource derivation may be located on any PDCCH-monitoring CC. There seems to induce more complexity on network scheduling and resource demarcation. Thus, configured PUCCH resource may be more proper for counter design, and the last receiving DL assignment could be confirmed by the approach of conveying both “bundling result” and “last received DAI value ” via constellation point selection. For total number indicator design, since there is no last receiving DL assignment issue, PUCCH resource derived by PDCCH first CCE could not work as similar as LTE. Configured PUCCH resource seems proper also for total number indicator design.    
3. Conclusion

This contribution discusses the two possible designs of DAI value for A/N full bundling in LTE-A TDD. Since the two designs have different characteristics and potential problems, further study is required for this issue. 

In conclusion, we propose:
· If the DAI field performs as an accumulative counter, the counting order between all activated CCs should be predefined.
· For accumulative counter design, the DAI value of the last assigned PDCCH is constrained not to be 0.
· For total number indicator design, both “bundling result” and “the number of DL receiving subframes” are transmitted via constellation point selection. 
· For both counter and total number indicator design, the PUCCH 1a/1b resource for A/N full bundling is configured.
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