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1 Introduction
In recent meetings, there was extensive discussion on the UL ACK/NACK transmission for the carrier aggregation in LTE-A. Good progress had been made by end of RAN1#58bis and an agreed way forward document was captured in [1]. However, the current discussion is mainly focused on FDD and TDD common features. In this contribution, we further study a key TDD specific feature, i.e. Downlink Assignment Index (DAI), and analyze its impact on UL ACK/NACK transmission in LTE-A TDD.
2 DAI in LTE TDD

In LTE TDD, there are two types of DAI. One is DAI in DL grant, which is used to find missing PDCCHs, and the other one is DAI in UL grant, which is only useful when PUSCH is present. We focus on DAI design in DL grant in this document. 

For UL-DL configurations in LTE TDD for which with more DL than UL subframes, the ACK/NACK for the respective PDSCHs has to be transmitted in one UL subframe. The set of such multiple DL subframes is called a bundling window. Since PDCCH transmission may be unstable with miss detection probability around 1E-2 [4], such errors will result in wrong ACK/NACK feedback.
In LTE TDD, the DAI (Downlink Assignment Index) mechanism is designed for improving the above case which is defined in [2] as

“For TDD UL-DL configurations 1-6, the value of the DAI in DCI format 1/1A/1B/1D/2/2A denotes the accumulative number of PDCCH(s) with assigned PDSCH transmission(s) and PDCCH indicating downlink SPS release up to the present subframe within subframe(s) 
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, where , and shall be updated from subframe to subframe. ” 

Based on above definition, DAI in LTE TDD is a pure counter and altered in a sequence of 1, 2, 3 and 4. DAI enables a UE to find any missing PDCCH(s) except for missing the last PDCCH(s). For example, if the eNB transmits dynamic PDSCHs in 3 subframes, the DAI values in the corresponding 3 PDCCHs are 1, 2, and 3. However, the UE may miss the second PDCCH and only receive 2 PDCCHs with DAI of 1 and 3. Then, the UE will recognize that the second PDCCH was missed. However, the DAI mechanism cannot assist the UE to recognize that the last PDCCH was missed. Once the UE receives 2 PDCCH with DAI equal to 1 and 2, UE can never know whether or not a PDCCH with DAI equal to 3 was transmitted by the eNB unless the PDCCH with DAI equal to 2 is in the last subframe in the bundling window. 
As to the schemes for ACK/NACK transmission, LTE TDD supports 2 ACK/NACK transmission modes: ACK/NACK bundling mode and ACK/NACK multiplexing mode.
· ACK/NACK bundling mode
One ACK/NACK bit is generated for each codeword across the subframes in the bundling window by logical AND operation of all the individual PDSCH transmission.
In case that any missing PDCCH is detected by DAI, UE shall not transmit any UL response signal (DTX). If no missing PDCCH detected, the ACK/NACK channel used in UL transmission is implicitly linked with the last subframe with dynamic PDSCH transmission. Through energy detection of the ACK/NACK channel used in UL ACK/NACK transmission, eNB can know if UE has missed the last PDCCH(s) and then interpret the bundled ACK/NACK bit(s) correctly. 

· ACK/NACK multiplexing mode

Spatial ACK/NACK bundling across multiple codewords within a DL subframe is performed by a logical AND operation of all the corresponding individual ACK/NACKs. PUCCH format 1b with channel selection is used. DAI won’t help when only ACK/NACK is transmitted, but DAI will apply when ACK/NACK is simultaneously transmitted with CQI/PMI or SR.
3 Discussion on DAI in LTE-A TDD

In LTE-A TDD, a UE may send ACK/NACKs for PDSCH from multiple CCs and multiple DL subframes in the same UL subframe. The problem of missing the last PDCCH/PDSCH will be even more severe than LTE TDD. In this section, we discuss this issue and consider some ways to design DAI for LTE-A TDD.

3.1  Direct extension of DAI design in LTE TDD

The direct way to design DAI is to extend the LTE TDD definition of DAI to multiple CCs. Two options are considered.
Option 1: Reuse DAI defined in LTE TDD in each CC
Option 1 is for each CC to have its own sequence for DAI independently of other CCs. This option is simple and the DAI defined in LTE TDD can be fully reused in each CC. But as shown in Figure 1, one drawback of reusing the LTE TDD DAI mechanism is that the probability of failing to find missing last PDCCH(s) is increased. In detail, a UE is not sure about whether it has received the last PDCCH in the bundling window for only 1 carrier in LTE; while for a LTE-A system with N CCs, the UE is not sure where the last PDCCH(s) in the bundling window for all N CCs, hence the failure case of DAI becomes N times worse of LTE TDD case. 

As to ACK/NACK transmission, it is obvious more ACK/NACK bits needs to be reported in an UL subframe for LTE-A TDD system, e.g. for a LTE-A TDD system with N CCs and bundling window size of 4, up to 40 ACK/NACKs needs to be feed back. The bit number is so large that ACK/NACK overhead reduction is needed inevitably, especially for UEs not in good channel condition. As simple extension to LTE TDD, one possible way is to do ACK/NACK bundling as defined in LTE TDD in each CC, so that the feedback for each CC is reduced to 1 or 2 bits. however, such per-CC ACK/NACK bundling requires simultaneously transmission on N ACK/NACK channels, and each of the N ACK/NACK channels must link to the last PDCCH of one CC respectively. Otherwise, the failure cases of DAI in Option 1 can not be completely solved. 

However, multiple channel ACK/NACK transmission is not desired for its high CM and worst channel estimation, etc. [3] We must define some smart bundling rules which is immune to the well-known failure case of DAI, or we may consider another option to extend DAI design in LTE TDD, i.e. Option 2.  
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Figure 1: Reuse DAI in LTE TDD in multiple CCs

Option 2: A single sequence for DAI in LTE-A TDD

Option 2 is to extend the current pure counter DAI defined in LTE TDD to all CCs and all subframes and have a single sequence for LTE-A DAI. The single long DAI sequence has the same merit/demerit as DAI in LTE TDD, i.e. it can find any PDCCH errors except for missing PDCCH(s) in the end of the DAI sequence. Consequently, just as used in LTE TDD, one ACK/NACK channel linked to the last detected PDCCH according to the single DAI sequence in UE side is enough for overcoming the failure case of this extended pure counter DAI.
As to ACK/NACK transmission, the single DAI sequence makes it possible to bundle ACK/NACK bits in all CCs and subframes into 1 or 2 bits and then feed back using single ACK/NACK channel. This is merit for option 2 though whether such an extreme bundling is practical needs further justification. In comparison, the extreme bundling is impossible for above option 1 DAI design. 

One drawback of option 2 is the larger bit overhead required for unique labelling of PDCCHs, e.g. if there are 5 CCs and each CC has 4 subframes in its bundling window, the maximum value in this single DAI sequence is 5x4=20 which means 5 bits are required for DAI. If needed, such overhead can be reduced using a modulo operation on the value of DAI, for example, modulo 4 for 2-bit DAI. such method is already adopted for the DAI in LTE TDD UL-DL configuration 5 where DL/UL ratio is 9:1. However, this incurs uncertainty when more than 4 PDSCHs are transmitted to a UE, e.g. UE can’t distinguish the cases of missing 4 continuous dynamic PDCCHs and corresponding PDSCHs.
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Figure 2: Single sequence for DAI in multiple CCs
3.2  New mechanism to design DAI in LTE-A TDD
If the above simple extensions of DAI can’t satisfy ACK/NACK transmission performance in LTE-A, some new design principle may be considered. One propery is for the scheduling in carrier aggregation is that in each subframe eNB knows the scheduling status of all DL CCs, so eNB could determine the total number of scheduled PDSCHs in current subframe in all DL CCs, and then transmit it in each PDCCHs located in current subframe. 
In [5], it is proposed that DAI comprises 2 parts. One part is 2-bit counter as LTE TDD. The other part represents the total number or accumulated number of PDSCHs in current subframe. Such method is actually a combination of Option 1 in section 3.1 (i.e. reusing Rel-8 DAI) and other methods. The combination of both 2 options in section 3.1 is also possible. For efficient progress, we suggest the release 8 DAI design can serve as baseline, and do further investigation for the LTE-A TDD DAI design. 
4 Conclusion 
This contribution discussed the DAI design for LTE-A TDD and its related impacts on ACK/NACK transmisison. A simple extension to current DAI design defined in LTE TDD is desired, but at this early stage, other improvements on DAI design for better feedback performance could be investigated.

References

[1] R1-094388, Ericsson, ST-Ericsson, Samsung, Huawei, NTT DOCOMO, Nokia, Nokia Siemens Networks, CMCC, Panasonic, CATT, Qualcomm Europe, Motorola, ZTE, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, “Way forward on PUCCH for Carrier Aggregation”, 3GPP RAN1#58bis, Miyazaki, Japan, October 12 – 16, 2009

[2] 3GPP TS 36.213 V8.8.0 (2009-09), “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures”
[3] R1-100097, Samsung, “UL HARQ-ACK Signal Transmission in Rel.10”, 3GPP RAN1#59bis, Valencia, Spain, January 19 – 23, 2010
[4] 3GPP TS 36.101 V8.8.0 (2009-12), “Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception”
[5] R1-100875, CATT, “UL ACK/NACK Transmission Design in TDD with CA”, 3GPP RAN1#60, San Francisco, USA, 22nd – 26th February 2010
_1324711881.unknown

_1324737892.vsd
DAI=1


？


DL subframe 1


DL subframe 2


DL subframe 3


DL subframe 4


？


DAI=1


DAI=2


DAI=3


DAI=4


？


DAI=1


DAI=2


DAI=3


DAI=4


CC#0


CC#1


CC#2


DAI=1


DAI=2


DAI=3


DAI=4



_1324737914.vsd
DAI=1


DL subframe 1


DL subframe 2


DL subframe 3


DL subframe 4


？


DAI=1


DAI=4


DAI=7


DAI=10


DAI=2


DAI=5


DAI=8


DAI=11


DAI=3


DAI=6


DAI=9


DAI=12


CC#0


CC#1


CC#2



_1324711880.unknown

