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1 Introduction

In RAN1#53bis meeting in Warsaw, good progress was made on multiple ACK/NACK transmission. One open issue is how to generate the 4 bits ACK/NACK in TDD UL/DL configuration 5 which has downlink-to-uplink ratio 9:1. In this document, we provide our view on this issue. 

This document is a resubmission of [3]. 

2 Discussion 

In TDD UL/DL configuration 1~4, 1 ACK/NACK bit is generated for each DL subframe, i.e. sub-bundling across the spatial codewords for MIMO case. The same method applies to TDD UL/DL configuration 5. Then, to generation 4 transmitted ACK/NACK bits, one method is fixedly divided the 9 DL subframes into 4 groups, and then 1 ACK/NACK bit is generated in each group. E.g. based on current downlink HARQ timing, one grouping method is {#9, #0, #1}, {#3, #4}, {#5, #6} and {#7, #8} [1][2]. 

The above method is rather simple, but it is not efficient in some case. For example, if eNodeB schedules UE in 2 or 3 DL subframes which belong to the same group, then only 1 useful ACK/NACK bit is generated. Considering that UE can support a maximum of 4 ACK/NACK bits in uplink, the above method will cause the loss of system throughput. If eNodeB schedules UE in more than 4 DL subframes, it is possible that the subframes belong to 2 or 3 groups, then still the capacity of 4 ACK/NACK bits can’t be fully used to maximize the system throughput.
3 Proposal 

There are two types of DL transmissions, if UE detects a dynamic DL grant in control region in a subframe, there is dynamic DL data transmission for the UE in the subframe; and, if UE is configured to receive DL data by high layer signalling in a subframe, there is persistent scheduled DL data transmission in this subframe. In uplink, 1 or 2 bits ACK/NACK is needed for each subframe in HARQ transmission. 

To overcome the problem in the method of section 2, UE may generate maximum of 4 ACK/NACK bits only on the DL subframes where some resource are allocated to itself. Such subframes include both dynamic scheduled subframe and persistent scheduled subframe. 

First, sub-bundling across the spatial codewords is done for MIMO case, which is to generate 1 ACK/NACK bit one DL subframe. And denote the number of subframe having DL transmission as N, then: 

· If N is equal to or more than 4, then the N subframes having DL transmission are divided into 4 groups, and 1 ACK/NACK bit is generated in each group. 

· If N is less than 4, the 1 ACK/NACK bit generated by sub-bundling is transmitted for each subframe, while 
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padding bits maybe used to make a total of 4 bits. 

For the case that N is equal to or more than 4, 2 options maybe used in the 4 group division, the basic criteria is to evenly distribute the subframes into all groups.

Option 1: Then if N is multiple of 4, all 4 groups have size of 
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. An example is shown in Figure 1. 
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Figure 1: An example for Option 1

Option 2: Indexed the subframes as 
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Figure 2: An example for Option 2

By adopting the proposed method, it is always guaranteed that 4 ACK/NACK bits are transmitted in uplink when DL data are transmitted in 4 or more subframes, meanwhile, if the scheduled subframe number is less than 4, the same number of effective ACK/NACK bits are transmitted in uplink. Hence in summary, the proposed method can have the maximized throughput. 

4 Discussion on DTX detection

In this section, DTX detection performance of the fixed grouping method “{#9, #0, #1}, {#3, #4}, {#5, #6} and {#7, #8}” and the proposal in section 3 are compared. 

Currently, a field “DAI” is used in DL grant to detect DTX problem. But DAI cannot detect the error of missing last several subframes, since it is a pure counter. 

4.1 Wrap around DAI

DAI is a 2 bit signalling and only 4 values are available, hence for UL/DL configuration 5, wrap-around could be used to support a DAI sequence of length 9 at most, i.e. the sequence of DAI is “0,1,2,3,0,1,2,3,0”. 

4.1.1  Miss one DL grant
By current design of DAI, it has the capability of detecting single DL grant error. E.g. the 1st detected DL grant has DAI 1 and the 2nd detected DL grant has DAI 3, then, UE could know one DL grant is missed which should have DAI 2. 

By the proposal in section 3, UE generates maximum of 4 ACK/NACK bits on the scheduled DL subframes, here a placeholder for the missing DL grant is inserted since UE know one subframe is there though it didn’t detect it. Then all scheduled subframes are divided into 4 groups, and one DTX is sent for the group containing the placeholder i.e. missed subframe. An example is shown in Figure 3. 
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Figure 3: Placeholder inserted for miss detected subframe
Now, let’s see what happens in the fixed grouping method. Let’s the DAI 1 is detected in subframe #0 and DAI 3 is detected in subframe #4. UE could know there is a missed DL grant, but where is it? Is it in subframe #1 or subframe #3? UE cannot know it, so UE cannot know how to process the group {#9, #0, #1} and the group {#3, #4}. UE may have to response two DTX for the two groups. An example is shown in Figure 4. 
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Figure 4: Possible positions for miss detected subframe
As a conclusion, the proposal in section 3 is better than fixed grouping method when small number of DL grant are missed

4.1.2  Miss 4 DL grants

By current design of DAI, it can’t detect the error of missing 4 continuously scheduled DL grants. 

If 4 DL grants are missed, the outputs of the proposal in section 3 are completely wrong. 

If 4 DL grants are missed, 2~4 DTX will be transmitted in fixed grouping method, the remaining 2~0 may have correct meaning. 

So, when missing 4 continuous DL grant, the fixed grouping method is better in error detection. 

4.1.3  Conclusion with wrap around DAI

Normally, BLER of DL grant is about 1e-2 to 1e-3, then the case of missing 4 DL grants and further the 4 missed DL grants should be four continuous DL grant are rarely happened. In most cases, only small number of DL grants is missed, hence we conclude the proposal in section 3 is better in DTX error detection. 

4.2 Different DAI sequence in different groups

In the fixed grouping method, it is also possible that the DAI is used in different group of subframe independently, i.e. DAI is reset and start from 0 again in each group. 

However, the above DAI scheme is more sensitive to missing last DL grant(s), which is not detectable by DAI. Since DAI are used in the 4 groups independently, the error is about 4 times larger than warp-around method where single DAI sequence is used. Actually, when the last DL grant(s) in a group is missed, UE cannot know it since DAI cannot detect the last missing DL grant(s). UE will send the ACK/NACK bit for the first several scheduled subframes in the group instead of DTX. 

Then, with such a DAI method used in fixed grouping method, if one DL grant is missed and it happens to be the last DL grants in a group, the ACK/NACK for this group is erroneous. On the contrary, a DTX will be transmitted in the proposal in section 3. Hence the proposal in section 3 is better. 

5 Conclusion

Based on the discussion in section 3, the proposal in section 3 has better throughput performance. And then in section 4, we provide further analysis on DTX error handling performance, and it is shown the proposal is better solution when small number of DL grant are missed. 

Hence, it is proposed to agree on generation of 4 ACK/NACK bits for TDD UL/DL configuration 5 only on the set of DL subframes where some resources are allocated to the UE. 

References
[1]   CATT, R1-082567, “Multiple A/Ns transmission for TDD”, 3GPP RAN1 #53bis, Warsaw, Poland, June 30 – July 4, 2008
[2]   ZTE, R1-082372, “Multiple ACK/NACK for TDD”, 3GPP RAN1 #53bis, Warsaw, Poland, June 30 – July 4, 2008
[3]   Samsung, R1-082861, “4 bits ACK/NACK generation in TDD configuration 5”, RAN1 #54, Jeju, South Korea, 18-22 August, 2008












































































_1279803800.unknown

_1279805122.vsd
Drag the side handles to change the width of the text block.


Codeword 1


Codeword 2


DL subframe 1


1 A/N bit


Codeword 1


Codeword 2


DL subframe 2


Codeword 1


Codeword 2


DL subframe 3


Codeword 1


Codeword 2


DL subframe 4


1 A/N bit


Codeword 1


Codeword 2


DL subframe 5


1 A/N bit


Codeword 1


Codeword 2


DL subframe 6


Codeword 1


Codeword 2


DL subframe 7


1 A/N bit


Codeword 1


Codeword 2


DL subframe 8


1 A/N bit


Codeword 1


Codeword 2


DL subframe 9


A/N b1


A/N b2


A/N b3


A/N b4


1 A/N bit


DL subframe with scheduled data transmission


DL subframe without scheduled data transmission



_1279805492.unknown

_1280125185.vsd
Drag the side handles to change the width of the text block.


Codeword 1


Codeword 2


DL subframe 1


1 A/N bit


Codeword 1


Codeword 2


DL subframe 2


Codeword 1


Codeword 2


DL subframe 3


Codeword 1


Codeword 2


DL subframe 4


Codeword 1


Codeword 2


DL subframe 5


1 A/N bit


Codeword 1


Codeword 2


DL subframe 6


Codeword 1


Codeword 2


DL subframe 7


1 A/N bit


Codeword 1


Codeword 2


DL subframe 8


1 A/N bit


Codeword 1


Codeword 2


DL subframe 9


A/N b1 (DTX)


A/N b2


A/N b3


A/N b4


1 A/N bit


DL subframe with scheduled data transmission


DL subframe without scheduled data transmission


Placeholder for the missed subframe


Miss detected DL subframe



_1280130491.vsd
#0


#1


#2


#3


#4


#5


#6


#7


#8


#9


#0


#1


A/N b3


A/N b4


DAI=0


DAI=1


DAI=3


DAI=4


DAI=5


#9


DAI=6


DAI=7


DAI=2?


DAI=2?


A/N b1 (DTX?)


A/N b2 (DTX?)


DL subframe with scheduled data transmission


Possible positions for the missed subframe


UL subframe


frame


frame


frame


Other subframe


#8



_1279805145.vsd
Drag the side handles to change the width of the text block.


Codeword 1


Codeword 2


DL subframe 1


1 ACK/NAK bit


Codeword 1


Codeword 2


DL subframe 2


Codeword 1


Codeword 2


DL subframe 3


Codeword 1


Codeword 2


DL subframe 4


1 ACK/NAK bit


Codeword 1


Codeword 2


DL subframe 5


1 ACK/NAK bit


Codeword 1


Codeword 2


DL subframe 6


Codeword 1


Codeword 2


DL subframe 7


1 ACK/NAK bit


Codeword 1


Codeword 2


DL subframe 8


1 ACK/NAK bit


Codeword 1


Codeword 2


DL subframe 9


ACK/NAK b1


ACK/NAK b2


ACK/NAK b3


ACK/NAK b4


1 ACK/NAK bit


DL subframe with scheduled data transmission


DL subframe without scheduled data transmission



_1279804321.unknown

_1279804340.unknown

_1279803916.unknown

_1279803710.unknown

_1279803747.unknown

_1279803585.unknown

_1279803656.unknown

