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1 Introduction
In the RAN1 meeting #53 in Kansas City after some discussion it was agreed that the repetition of ACK/NACKs[1] is allowed in the LTE UL. 
After several meetings’ discussion, [2] was agreed at RAN1 meeting #54bis and ACK/NAK repetition should be supported:
· UE specific configuration for ACK/NAK repetition semi-static configured by higher layer signaling
· ACK/NAK repetition factor N = 2, including the initial ACK/NAK transmission

· Once enabled, UE repeats any ACK/NAK transmission until it is disabled for ACK/NAK repetition

· UE transmits ACK/NAK N times in N consecutive UL subframes
2 Network scheduling and UE behaviour as ACK/NAK Repetition configured
At RAN1 meeting #55, repetition factor was further defined as {2, 4, 6, reserved} with 2bits higher layer signaling. [3] was drafted to inform RAN2 the decision of RAN1 on ACK/NAK repetition, however, some issues related ACK/NAK repetition are still not clear to RAN2, even RAN1:
· Network scheduling as A/N repetition is configured

1. Which ACK/NAK of the repeated A/N should the network wait before preparing retransmission? 
· When repetition factor is configured as 6 for one UE, network anyway will received 6 ACK/NAK feedback from the UE, network should prepare retransmission or new transmission after receiving all 6 A/N from the UE from the starting point of introducing A/N repetition, however, there seems to have some different understandings even in RAN1.

2. Whether new process(es) can be scheduled in DL subframes whose corresponding ACK/NAK will collide with the repeated A/N of previous DL transmission?
· A UE configured A/N repetition over N sub-frames (N > 1) and transmitting ACK/NAK for a DL transmission in sub-frame n shall:

i. For FDD, a UE transmit repeated A/N in UL subframes n+4, …, n+4+N-1 for DL subframe n, however, it is not clear whether DL subframes n+1, n+2, …, n+N-1 can be scheduled?  

ii. For TDD, a UE transmit repeatd A/N in UL subframe n and the next N-1 UL subframes for DL subfames n-k, (where k is defined in Table 10.1-1 in TS36.213), however, it is not clear whether DL subframes can be scheduled whose ACK/NAK collide with the repeated A/N of previous DL transmission?
To keep the flexibility of scheduling in eNB, some understanding may say yes to these questions, however, which may arise some unclear performance issues, e.g. in TDD UL/DL configuration 1 as repetition factor is 6:
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  Figure 1. Redundancy version issues caused by flexible network scheduling
From figure 1, we can find if eNB trigger new transmission in subframe 1 of radio frame 1 marked as light blue while receiving early NAK in subframe 7 of radio frame 0, then the UE will flush the buffer of HARQ process #1 upon detection of DL transmission in subframe 1 of radio frame 1 is an new transmission , which may cause no redundancy combination for process #1 even after eNB get the correct decision based on all the repeated NAK and initiate retransmission. Similar procedure may occur on other DL transmissions.
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 Figure 2. Confusion in UE caused by different HARQ process
From figure 2, assuming HARQ process #1, #2 and #3 are successively scheduled, we can find if eNB trigger new transmission in subframe 1 of radio frame 1 marked as light blue on receiving early ACK in subframe 7 of radio frame 0, one question is to be raised how the UE should select between ACK/NAK of process #1 and process #3 in subframe 2 of radio frame 2? 

From above analysis, if eNB takes above two kinds of action, it is possible to introduce confusion and complexity in UE with questionable performance gain.
Proposal 1: Assuming network prepare retransmission or new transmission after receiving all repeated ACK/NAK from the UE in A/N repetition mode, and no new process can be scheduled in DL subframes whose corresponding ACK/NAK will collide with repeated ACK/NAK of previous process. 
Alternatively, if this working assumption of eNB behavior is not agreed, related UE behavior has to be discussed in detail.

· UE behavior as ACK/NAK repetition is configured

To keep sufficient flexibility in eNB, in section 10.2 of 36.213, restriction was introduced to UE behavior that no ACK/NAK should be feedbacked for process(es) scheduled in the DL subframes whose corresponding ACK/NAK collide with the repeated A/N of previous DL transmission. However, this restriction may deviate the intention of A/N repetition, similarly, take above illustration for example:
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 Figure3. Confusion caused by same HARQ process
From figure 3, we can find even if nothing is sent on HARQ process #2 and #7, two alternatives exist in the positions marked with “?”: one is to transmit the ACK/NAK of previous HARQ process #1 (started from subframe 0 of radio frame 0), the other is to transmit the ACK/NAK of new HARQ process #1 (started from subframe 1 of radio frame 1). Which alternative is adopted by UE at the time should be defined as 4 cases:
Case 1: ACK -> ACK (Sent by UE -> received by eNB)
In this case, UE feedback ACK and eNB trigger new transmission. Receiving the new transmission, UE can decide its feedback is reliably received by eNB (link condition is good), hence, it is insignificant to continuously transmit the repeated ACK, instead, it should transmit the ACK/NAK corresponding to the new transmission;
Case 2: ACK -> NAK (Sent by UE -> received by eNB)
In this case, UE feedback ACK while eNB trigger retransmission. Receiving the retransmission, UE can decide its feedback is falsely received by eNB(link condition is bad), hence, it is necessary to continuously transmit the repeated ACK and it should transmit the ACK corresponding to the original transmission;

Case 3: NAK-> NAK (Sent by UE -> received by eNB)
In this case, UE feedback NAK and eNB trigger retransmission. Receiving the retransmission, UE can decide its feedback is reliably received by eNB (link condition is good), hence, it is insignificant to continuously transmit the repeated ACK, instead, it should transmit the ACK/NAK corresponding to the new transmission;

Case 4: NAK -> ACK (Sent by UE -> received by eNB)
In this case, UE feedback NAK while eNB trigger new transmission. Receiving the new transmission, UE can decide its feedback is falsely received by eNB(link condition is bad), hence, it is necessary to continuously transmit the repeated NAK and it should transmit the NAK corresponding to the original transmission.
Proposal 2: UE should transmit ACK/NAK based on new received DL transmission and its previously sent ACK/NAK. 

3
Conclusion

In this contribution, we show the impact of HARQ-ACK repetition on current specification, we propose to make a working assumption as proposal 1 on the DL scheduling from network side or define the UE behavior as proposal 2.
4.  References

[1]
R1-081950, “Necessity of ACK/NAK Repetition in PUCCH”, NTT DoCoMo, Fujitsu, Mitsubishi Electric, NEC, Panasonic, Sharp, Toshiba Corporation, RAN1#53, Kansas City, US
[2] 
R1-084046, “Way forward on support of ACK/NAK repetition”, Texas Instruments, LGE, Samsung, Motorola, ZTE, NTT DoCoMo, RIM, CMCC, CATT, RAN1#54bis, Prague, Czech Republic
[3]
R1-084649, “LS on support of ACK/NACK repetition in Rel-8”, RAN1, RAN1#55, Prague, Czech Republic
_1295447634.vsd
1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


16


17


18


19


20


21


22


23


24


25


26


27


28


29


30


0


D


S


U


U


D


D


S


U


U


D


D


S


U


U


D


D


S


U


U


D


D


S


U


U


D


D


S


U


U


D


D


1


2


3


4


5


12


6


7


1


45


6


71


71


71


71


71


71


Subframe #


12


HARQ process #


12


12


12


12


Retransmission after 1st received NAK


??


3


3


3


3


3


3



_1295447635.vsd
1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


16


17


18


19


20


21


22


23


24


25


26


27


28


29


30


0


D


S


U


U


D


D


S


U


U


D


D


S


U


U


D


D


S


U


U


D


D


S


U


U


D


D


S


U


U


D


D


1


2


3


4


5


12


6


7


1


45


6


71


71


71


71


71


71


Subframe #


12


HARQ process #


12


12


12


12


Retransmission after 1st received NAK


??



_1295447633.vsd
1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


16


17


18


19


20


21


22


23


24


25


26


27


28


29


30


0


D


S


U


U


D


D


S


U


U


D


D


S


U


U


D


D


S


U


U


D


D


S


U


U


D


D


S


U


U


D


D


1


2


3


4


5


1


6


7


1


45


6


71


71


71


71


71


71


Subframe #


1


HARQ process #


1


1


1


Retransmission after 1st received NAK


??


1



