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1. Introduction
RAN1 LS [1] introduced the agreements on ACK/NACK repetition as following:
	· ACK/NACK repetition is enabled or disabled by higher layers with a 1-bit UE specific parameter ackNackRepetition. By default, ACK/NACK repetition is disabled.

· ACK/NACK repetition factor 
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(including the initial ACK/NACK transmission) is a 2-bit UE specific parameter configured by higher layers. The suggested values of 
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 are {2, 4, 6, reserved}.

· Once enabled, UE repeats any ACK/NACK transmission until it is disabled by higher layers.

· UE repeats ACK/NACK 
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times in 
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consecutive UL subframes.

· For an initial semi-persistently scheduled PDSCH transmission without a corresponding DCI format detected, the UE shall transmit the corresponding ACK/NACK response 
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times using PUCCH resource 
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configured by higher layers. Note 
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 is the PUCCH resource configured during the (re)initialization of the semi-persistent transmission.

· For a dynamically scheduled PDSCH transmission, the UE shall first transmit the corresponding ACK/NACK response once using PUCCH resource derived from the corresponding PDCCH CCE index (as described in Section 10.1 [1]), and repeat the transmission of the corresponding ACK/NACK response 
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  times using PUCCH resource 
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configured by higher layers.

· In the subframes where a UE is repeating the transmission (including the initial one) of ACK/NACK, the UE shall only transmit the corresponding ACK/NACK and shall not transmit any other signal.




Reference [2] have already captured above highlighted agreements in 36.331. In this paper, we discuss the collision between measurement gap and HARQ feedback when ACK/NACK repetition is configured, and provide some proposals.
2. Discussion
2.1 The collision and solutions
2.1.1 Problem
There are four possible cases for the collision between measurement gap and ACK/NACK transmissions when ACK/NACK repetition is configured, as shown in Fig 1~Fig 4. Assuming 
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=6, the measurement gap may collide with the latter part of ACK/NACK repetition, the whole ACK/NACK repetition, the former part of ACK/NACK repetition, or the middle part of ACK/NACK repetition (TDD specific).
Case 1:
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Fig 1 Collision between measurement gap and ACK/NACK transmissions (case1)
Case 2:
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Fig 2 Collision between measurement gap and ACK/NACK transmissions (case2)
Case 3:
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Fig 3 Collision between measurement gap and ACK/NACK transmissions (case3)
Case 4:
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Fig 4 Collision between measurement gap and ACK/NACK transmissions (case4—TDD specific)
2.1.2 Solution
In MAC specification, measurement gap is prioritized over ACK/NACK transmission, so it is natural that measurement gap should be also prioritized over ACK/NACK repetition. Based on the characteristics of ACK/NACK repetition, there are three possible solutions on this issue.
Solution 1: Cancel all ACK/NACK transmissions in an ACK/NACK repetition when at least one ACK/NACK transmission collides with measurement gap.
As shown in Fig 5, if part of the ACK/NACK repetition collides with the measurement gap, UE will cancel all ACK/NACK transmissions in the ACK/NACK repetition.

[image: image15.wmf]Measurement gap

 (

UL

)

ACK

/

NACK 

repetition


Fig 5 Cancel all ACK/NACK transmissions when at least one ACK/NACK transmission collides with measurement gap
Solution 2:  Cancel the part of the ACK/NACK repetition which collides with measurement gap.

As shown in Fig 6(a), if latter part of the ACK/NACK repetition collides with the measurement gap, UE will cancel these ACK/NACK transmissions but keeps the other ACK/NACK transmissions as usual. However, if the first ACK/NACK transmission of the ACK/NACK repetition collides with measurement gap, see Fig 6(b), whether to cancel the ACK/NACK transmissions which do not collide with measurement gap depends on the modelling between MAC and PHY. Some details can be found in section 2.3.
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Fig 6 Cancel the ACK/NACK transmissions which collide with measurement gap
Solution 3: Delay the ACK/NACK transmissions which collide with measurement gap
As shown in Fig 7, if some ACK/NACK transmissions of an ACK/NACK repetition collide with the measurement gap, UE will transmit these ACK/NACK transmissions after the measurement gap, i.e. UE will always repeat ACK/NACK 
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Fig 7 Delay the ACK/NACK transmissions which collide with measurement gap

2.2 Comparison
The influence of measurement gap on HARQ feedback without ACK/NACK repetition is shown in Fig 8. Assuming the measurement gap periodicity is 40 ms (7 ms in UL), 4 HARQ feedbacks in the first 4 subframes of the measurement gap will be cancelled in all 34 possible HARQ feedbacks generated by MAC.


[image: image20.emf]Measurement gap (UL)

The HARQ feedback can not be 

sent.

No HARQ feedback 

can be generated


Fig 8 Influence of measurement gap on HARQ feedback

Furthermore, assuming 
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=6 and 40 ms periodicity for measurement gap, the comparison between solution1, solution 2, and solution 3 in FDD is shown in Table 1. 
Table 1 Comparisons between three solutions 
	
	Performance of feedback
	Complexity
	Extra delay for feedback

	Solution 1
	Worst, 9 feedbacks in 34 possible feedbacks generated by MAC are cancelled.
	Low
	No

	Solution 2
	Better
	2 feedbacks in 34 possible feedbacks generated by MAC are cancelled. (Not always cancel the feedback when the first ACK/NACK transmission collides with measurement gap)
	Low
	No

	
	
	4 feedbacks in 34 possible feedbacks generated by MAC are cancelled. (Always cancel the feedback when the first ACK/NACK transmission collides with  measurement gap)
	
	

	Solution 3
	Best
	High
	High


Note that because the duration for ACK/NACK repetition in TDD is longer than FDD in many cases, the collisions between measurement gap and ACK/NACK transmissions are more frequently.
Based on above comparison, solution 2 seems a good method from the perspective of performance and complexity.
Proposal 1:

When ACK/NACK repetition is configured, cancel the part of the ACK/NACK repetition which collides with measurement gap.
2.3 Modelling
To realize solution 2, four options for the modelling between MAC and PHY are given below.

Option 1: 
· MAC doesn’t indicate the HARQ feedback to the physical layer only if all the ACK/NACK transmissions collide with the measurement gap.
· PHY cancels the ACK/NACK transmission which collides with the measurement gap.
The examples for option 1 are shown in Fig 9.
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Fig 9 Examples for option 1
Option 2:
· MAC indicates each ACK/NACK transmission to the physical layer which doesn’t collide with the measurement gap. When ACK/NACK repetition is configured, it means that MAC will indicate the HARQ feedback for one DL transmission 
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 times.
· PHY transmits the HARQ feedback according to the indication from MAC.
Some examples for option 2 are given in Fig 10.
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Fig 10 Examples for option 2
Option 3: 
· MAC always indicates the HARQ feedback to the physical layer regardless the occurrence of measurement gap.

· PHY is responsible for canceling the ACK/NACK transmission which collides with the measurement gap.
Option 3 is shown below.
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Fig 11 Examples for option 3
Option 4: 

· PHY is aware of the measurement gap pattern, where the measurement gap consists of 6 consecutive subframes.

· MAC only feedbacks ACK/NAK to PHY at most ONCE per received TB. It is the PHY’s responsibility to repeat the ACK/NAK.

· MAC does not send ACK/NAK to PHY if the FIRST ACK/NAK transmission collides with a measurement gap. This aligns with the non-ACK/NAK repetition case, as stated in 36.321 section 5.3.2.2. 

· If PHY does not receive ACK/NAK from MAC (e.g. due to the reason in 3), PHY does not transmit and does not repeat any ACK/NAK. 

· If PHY does receive ACK/NAK from MAC (i.e. the first ACK/NAK transmission does not collide with a measurement gap), then PHY transmits and repeats the ACK/NAK in the subframes that do not collide with the measurement gap, and cancel the repeated ACK/NAK transmission in subframes that collide with the gap.    

Option 4 is explained below in Fig 12:
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Fig 12 Examples for option 4
With option 1 and option 2, MAC must be aware the ACK/NACK repetition and this will introduce additional complexity. Option 4 seems more consistent with current procedure, but the latter ACK/NACK transmission which does not collide with measurement gap can also not be sent if the first ACK/NACK transmission is in measurement gap. As a result, option 3 is preferred.
Proposal 2:

· MAC always indicates the HARQ feedback to the physical layer regardless the occurrence of measurement gap.

· PHY is responsible for canceling the ACK/NACK transmission which collides with the measurement gap.
3. Conclusion

In this contribution, the collision between measurement gap and ACK/NACK repetition is discussed and it is suggested that:
Proposal 1:

When ACK/NACK repetition is configured, cancel the part of the ACK/NACK repetition which collides with measurement gap.

Proposal 2:

· MAC always indicates the HARQ feedback to the physical layer regardless the occurrence of measurement gap.

· PHY is responsible for canceling the ACK/NACK transmission which collides with the measurement gap.
A MAC CR based on proposal 2 is provided in [3].

Furthermore, LS to RAN1 seems to be necessary if RAN2 has some conclusions.
Proposal 3:

Sending RAN1 an LS if some conclusions are drawn.
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