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1. Introduction

In TS36.213 ‎[1], it is stated that:

1. For TDD ACK/NACK bundling, the UE shall use PUCCH resource 
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 for transmission of HARQ-ACK in subframe 
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, where for dynamically scheduled PDSCH indicated by the detection of corresponding PDCCH(s) with DCI format 1A/1/2 within subframe(s) 
[image: image3.wmf]k

n

-

, where 
[image: image4.wmf]K

k

Î

 and 
[image: image5.wmf]K

 (defined in Table 10.1-1) is a set of M elements 
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 depending on the subframe n and the UL-DL configuration (defined in Table 4.2-2 in [2]). The PUCCH resource corresponding to the CCE of the last assignment PDCCH.

2. For TDD, the value of Downlink Assignment Index (DAI) denotes the minimum number of dynamic downlink assignment(s) transmitted to the corresponding UE within all the subframe(s)
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, and it can be updated from subframe to subframe.
3. There is no UL grant when ACK/NAK report on PUCCH.

In the #54bis meeting, the interpretation of DAI in dynamic DL grant of non-SPS subframe in ACK/NAK multiplexing mode excluding SPS subframe on PUSCH is agreed as pure counter. In ACK/NAK bundling model when multiplexing transmission ACK/NAK and CQI/PMI or SR, the last N PDCCH missing cannot be detected by UE, and a bundled ACK will be report if the interpretation of DAI in dynamic DL grant is the same as ACK/NAK multiplexing mode.
The rest of this paper discusses our view to solve this error.
2. Discussion
2.1. Option 1 

To extend the interpretation of DAI for ACK/NAK bundling model on PUCCH:
For TDD ACK/NAK bundling on PUCCH, the value of Downlink Assignment Index (DAI) denotes the minimum number of dynamic downlink assignment(s) transmitted to the corresponding UE within all the subframe(s)
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, and it can be updated from subframe to subframe, If no data will transmit to UE in the followed subframe, the value of DAI in current dynamic downlink assignment(s) transmitted to the corresponding UE within all the subframe(s) 
[image: image11.wmf]k

n

-

, where 
[image: image12.wmf]K

k

Î

，denotes m module 4 then plus 1, which m is the total number of the dynamic downlink assignment(s). The value of DAI is shown in ‎[1] Table 10.2-2 as follows.
Some explanation:
1. How to estimate there is no data will transmit to UE in the bundling window?
There, the interpretation for DAI is not the total number of dynamic downlink assignments before the actual resource allocation. When the resource allocation and MCS selection is done to the UE, eNB can detected whether still has data to UE after the current DL subframe will correct transmitted, for example, eNB can detect its buffer status to corresponding UE. If buffer is empty, eNB can estimate there is no data to UE. 

But actually this DL suframe may not the really last assignments within all the suframe(s) 
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2. For consecutive assignment subframe, DTX can be detected by UE. For discrete assignment subframe, the same as current Spec.
Table 10.2-2: Value of Downlink Assignment Index

	DAI
MSB, LSB
	Value of DAI 

	0,0
	1

	0,1
	2

	1,0
	3

	1,1
	4


In UE, UE calculate
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, and compare it with
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 is the number of detected dynamic downlink assignment(s) by the UE within the subframe(s) 
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. If UE doesn’t detect data in the followed subframe, 
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 in this subframe denotes w module 4 then plus 1, which w is the number of detected dynamic downlink assignment(s) by the UE.
If 
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 for any subframe, the UE shall not transmit ACK/NACK when in ACK/NACK bundling feedback mode.
Pros：

1. For consecutive assignment subframe, DTX can be detected by UE. For discrete assignment subframe, the same as current Spec.
2. No performance loss to ACK/NACK bundling mode.
Cons: 

1. The following cases DTX can not be detected, and bundled ACK may transmit:
· For 3 consecutive subframes are assignment to UE, if the 1st and last PDCCH are missing.

· The last discrete subframe is missing.
2. Note that the possibility for the case happening is quite low. No any other confusion exists.

3. The extension of the interpretation of DAI may impact the DAI for ACK/NAK multiplexing.
4. It is difficult for eNB to know which one is the last assignment, e.g. even there are data in buffer, it does not mean the UE will be scheduled immediately in the next or next few subframes, which depend also on scheduler algorithm, QoS profile, etc.
Examples

1. eNB assign one DL subframe within the subframe(s) 
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.The value of DAI is 2 

If UE don’t detect DL subframe, the UE shall not transmit ACK/NAK.

2. eNB assign two consecutive DL subframes within the subframe(s) 
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.The value of DAI is 1, 3 .
· If the first PDCCH is missing, the DAI received by UE is 3. But the estimated DAI from UE is 2, then DTX is detected and UE shall not transmit ACK/NAK.

· If the last PDCCH is missing, the DAI received by UE is 1. But the estimated DAI from UE is 2, then DTX is detected and UE shall not transmit ACK/NAK.

3. eNB assign three consecutive DL subframes within the subframe(s) 
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.The value of DAI is 1, 2, 4.

· If the first PDCCH is missing, the DAI received by UE is 2, 4. The last received DAI is 4, then UE knows that 3 subframes were scheduled, but only two were received, then DTX is detected and UE shall not transmit ACK/NAK.

· If the second PDCCH is missing, the DAI received by UE is 1, 4. The last received DAI is 4, then UE knows that 3 subframes were scheduled, but only two were received, then DTX is detected and UE shall not transmit ACK/NAK.

· If the last PDCCH is missing, the DAI received by UE is 1, 2. But the estimated DAI from UE is 1,3, then DTX is detected and UE shall not transmit ACK/NAK.

4. eNB assign four consecutive DL subframes within the subframe(s) 
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.The value of DAI is 1, 2, 3, 1.

· If the first PDCCH is missing, the DAI received by UE is 2, 3, 1. The last received DAI is 1, then UE knows that 4 subframes were scheduled, but only three were received, then DTX is detected and UE shall not transmit ACK/NAK.

· If the second PDCCH is missing, the DAI received by UE is 1, 3, 1.  The last received DAI is 1, then UE knows that 4 subframes were scheduled, but only three were received, then DTX is detected and UE shall not transmit ACK/NAK.

· If the third PDCCH is missing, the DAI received by UE is 1, 2, 1. The last received DAI is 1, then UE knows that 4 subframes were scheduled, but only three were received, then DTX is detected and UE shall not transmit ACK/NAK.

· If the last PDCCH is missing, the DAI received by UE is 1, 2, 3. But the estimated DAI from UE is 1, 2, 4, then DTX is detected and UE shall not transmit ACK/NAK.
5. eNB assign two discrete DL subframes within the subframe(s) 
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.The value of DAI is 2, 3. 
· If the first PDCCH is missing, the DAI received by UE is 3. But the estimated DAI from UE is 2, then DTX is detected and UE shall not transmit ACK/NAK.

· If the second PDCCH is missing, the DAI received by UE is 2. But the estimated DAI from UE is 2 also, then DTX cannot be detected. An error bundled ACK may transmit.
6. eNB assign three discrete DL subframes within the subframe(s) 
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, which is the 1st,2nd and 4th subframe.The value of DAI is 1, 3, 4. 

· If the first PDCCH is missing, The last received DAI is 4, then UE knows that 3 subframes were scheduled, but only two were received, then DTX is detected and UE shall not transmit ACK/NAK.

· If the second PDCCH is missing, the DAI received by UE is 1, 4, UE knows that the 2nd subframe will also scheduled but not, so DTX can be detected. Or the last received DAI is 4, then UE knows that 3 subframes were scheduled, but only two were received, then DTX is detected and UE shall not transmit ACK/NAK.

· If the last PDCCH is missing, then DTX cannot be detected. An error bundled ACK may transmit.
2.2. Option 2 

Reuse the method of multi-ACK/NAK + CQI/SR on PUCCH to solve the DTX issue for bundling mode on PUCCH.

For TDD and a UE in ACK/NACK bundling mode, when both bundled ACK/NACK and SR are transmitted in the same sub-frame on PUCCH, the UE shall transmit the bundled ACK/NACK on its assigned ACK/NACK PUCCH resource for a negative SR transmission and transmit the transmit
[image: image33.wmf])

1

(

),

0

(

b

b

on its assigned SR PUCCH resource for a positive SR transmission using PUCCH format 1b. The value of
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are generated according to Table 7.3-1[1].
For TDD and a UE in ACK/NACK bundling mode, when both bundled ACK/NACK and CQI are transmitted in the same sub-frame on PUCCH, a UE shall transmit
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and CQI using PUCCH format 2a or 2b in normal CP, or PUCCH format 2 in extended CP. The value of
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are generated according to Table 7.3-1[1].
Pros：
1. UE feedback bundled information, and the DTX is detected.

2. Simple, efficient and little modification on Spec.

Cons: 

1. May cause inexplicability on bundling mode, e.g. the value of 
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 are generated according to Table 7.3-1[1] from the multiple ACK/NACK responses.
2. May slight performance decrease than current report scheme, e.g. for non-MIMO, 1 bit bundled ACK/NACK is report, but the Option 2 always report 2 bits; for MIMO, the performance is the same as current report scheme.
2.3. Option 3
Implement to resolve, and no modification on the Spec. E.g., Using larger CCE aggregation level for bundling UE.
Pros：

1. Simple and no modification on Spec.

Cons: 

1. No completely solve the DTX issue.
2. May restrict scheduler flexibility.
3. Reduce PDCCH number and less UE can be scheduled. 
3. Conclusions

It seems Option 2 is the best on the current stage if no other better solution. We propose Option 2 and capture the following TP in the spec.
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Appendix
We propose to capture the following text in Section 7.3 of TS 36.213 [1]:

--------------------------------------------- Start Text Proposal ------------------------------------------------
7.3 UE procedure for reporting ACK/NACK

For FDD, when both ACK/NACK and SR are transmitted in the same sub-frame a UE shall transmit the ACK/NACK on its assigned ACK/NACK PUCCH resource for a negative SR transmission and transmit the ACK/NACK on its assigned SR PUCCH resource for a positive SR transmission. 
For TDD and a UE in ACK/NACK bundling mode, when both bundled ACK/NACK and SR are transmitted in the same sub-frame, the UE shall transmit the bundled ACK/NACK on its assigned ACK/NACK PUCCH resource for a negative SR transmission and transmit the 
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 on its assigned SR PUCCH resource for a positive SR transmission using PUCCH format 1b according to section 5.4.1 in [3]. The value of 
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 are generated according to Table 7.3-1 from the multiple ACK/NACK responses by spatial ACK/NACK bundling across multiple codewords within a DL subframe, where the number of multiple ACK/NACK responses is equal to 
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 according to section 10.1 depending on the UL-DL configurations.
For TDD and a UE in ACK/NACK multiplexing mode, when both ACK/NACK and SR are transmitted in the same sub-frame, the UE shall transmit the multiple ACK/NACK response according to section 10.1 for a negative SR transmission, and transmit 
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 on its assigned SR PUCCH resource for a positive SR transmission using PUCCH format 1b according to section 5.4.1 in [3]. The value of 
[image: image42.wmf])

1

(

),

0

(

b

b

 are generated according to Table 7.3-1 from the multiple ACK/NACK responses, where the number of multiple ACK/NACK responses is equal to 
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 according to section 10.1 depending on the UL-DL configurations.
Table 7.3-1: Mapping between multiple (
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) ACK/NACK responses and 
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	Number of ACK among multiple (
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) ACK/NACK responses
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	0 or None (UE detect at least one DL assignment is missed)
	0, 0

	1
	1, 1

	2
	1, 0

	3
	0, 1

	4
	1, 1

	5
	1, 0

	6
	0, 1

	7
	1, 1

	8
	1, 0

	9
	0, 1


For TDD ACK/NACK bundling, when both bundled ACK/NACK and CQI/PMI are configured to be transmitted in the same sub-frame on PUCCH, a UE shall transmit 
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and CQI/PMI using PUCCH format 2a or 2b in normal CP, or PUCCH format 2 in extended CP. The value of
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are generated according to Table 7.3-1 from the multiple ACK/NACK responses by spatial ACK/NACK bundling across multiple codewords within a DL subframe, where the number of multiple ACK/NACK responses is equal to 
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 according to section 10.1 depending on the UL-DL configurations.
For TDD ACK/NACK multiplexing, when both ACK/NACK and CQI/PMI are configured to be transmitted in the same sub-frame on PUCCH, a UE shall transmit CQI and 
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using PUCCH format 2b for normal CP or PUCCH format 2 for extended CP, according to section 5.2.3.4 in [4] with 
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 replaced by 
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. The value of 
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 are generated according to Table 7.3-1 from the multiple ACK/NACK responses, where the number of multiple ACK/NACK responses is equal to 
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 according to section 10.1 depending on the UL-DL configurations.
When only an ACK/NACK or only a SR is transmitted a UE shall use PUCCH Format 1a or 1b for the ACK/NACK resource and PUCCH Format 1 for the SR resource as defined in section 5.4.1 in [3].  
--------------------------------------------- End Text Proposal ------------------------------------------------
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