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1   Introduction
In RAN4#47 meeting, several contributions [1][2] discussed the ACK number requirements for TDD with autonomous gaps. However, no conclusions have been reached. This document will discuss this issue further.
2
Discussion
2.1
Current Requirements
In current specification [3], the ACK number sent by the UE in section 8.1.2.2.4 (and 8.1.2.3.7) is defined as [60]:

Given that continuous DL data allocation and no DRX is used, the UE shall have more than [60] ACK/NACK sending during identifying a new CGI of E-UTRA cell.

The requirement of [60] ACK/NACK during identifying a new CGI of E-UTRA cell is calculated for FDD. According to [4], during 150ms time period for reading SI with autonomous gaps, it is assumed that the UE will try 5 times for receiving MIB and SIB1, for which 9-subframe GAP should be used for the first receiving and 4-subframe GAP for the rest 9 receiving. So there are at the most 90 ACKs will be lost (9 + 4 * 4 + 4 * 5 = 45 uplink sub-frames can not send ACK/NACK, and 45 downlink sub-frames can not be received to miss ACK/NACK feedback. Then the UE shall still be able to send 150 – 2 * 45 = 60 ACK/NACK during 150ms period of identifying a new E-UTRA FDD cell CGI.

For E-UTRA TDD, transmitting and receiving is not done simultaneously. Reading SI with autonomous gaps only impact receiving or transmitting. In addition, E-UTRA TDD has different uplink/downlink configurations, which also impact the ACK/NACK number sent by the UE. The requirement of [60] ACK/NACK cannot be duplicated directly from that of FDD. The following section will give analysis on this issue.
2.2
The number of sending ACK/NACK for TDD
For calculating the number of sending ACK/NACK for E-UTRA TDD, the following factors need considered:

1) It should be assumed that the HeNB is synchronized with Macro eNB.

2) The HARQ feedback timing for each uplink-downlink configuration is shown in table 10.1-1 [5]. 
Table 10.1-1: Downlink association set index
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	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6Note
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-

	Note: The meaning of 6 means that the HARQ feedback in subframe 2 corresponds to the downlink transmission 6 subframes before subframe 2.


3) TDD ACK/NACK feedback has Bundling mode and Multiplexing mode. There is only one ACK/NACK in one subframe with Bundling mode, but there are multiple ACK/NACK feedbacks in one subframe with Multiplexing mode.
4) Different ulplink-downlink configurations have different number of subframes for ACK/NACK feedback. The subframe numbers for ACK/NACK feedback are shown in table 1. 

Table 1:  Total number of uplink subframes and total number of ACK/NACK during UE reading HeNB SI with autonomous gaps
	UL-DL Configuration
	Total number of uplink subframes / 150ms
	total number of ACK/NACK  / 150ms

	0
	60
	60

	1
	60
	90

	2
	30
	120

	3
	45
	105

	4
	30
	120

	5
	15
	135

	6
	75
	75


5) To simplify the work, it is proposed to analyze the requirements based on a synchronized network and the same uplink-downlink configurations for HeNB and serving Macro eNB. Then
a) The UE always knows the exact location for MIB and SIB1 in targeting HeNB cell
b)  The UE can use the uplink subframe occurring just before the HeNB MIB/SIB/PSS/SSS subframes for frequency switching and setting down AFC, AGC loop.;

Then, the subframes for UE reading MIB/SIB1 of HeNB are listed for each UL-DL configurations in table 2.
Table 2:   Proposed subframes for UE reading MIB/SIB1
	UL-DL Configuration
	Subframes used for first MIB reading
	Subframes used for subsequent MIB reading
	Subframes used for reading SIB1

	0
	9-2, (0, 1, 4, 5, 6, 9)-1, 0, 1
	9-1, 0, 1
	4, 5, 6

	1
	(3, 4, 5, 6, 8, 9)-1, 0, 1
	(8, 9)-1, 0, 1
	3, 4, 5, 6

	2
	(2, 3, 4, 5, 6, 8, 9)-1, 0, 1
	(8, 9)-1, 0, 1
	3, 4, 5, 6

	3
	(4, 5, 6, 7, 8, 9)-1, 0, 1
	(8, 9)-1, 0, 1
	4, 5, 6

	4
	(3, 4, 5, 6, 7, 8, 9)-1, 0, 1
	(8, 9)-1, 0, 1
	3, 4, 5, 6

	5
	(3, 4, 5, 6, 7, 8, 9)-1, 0, 1
	(8, 9)-1, 0, 1
	3, 4, 5, 6

	6
	(0, 1, 4, 5, 6, 8, 9)-1, 0, 1
	(8, 9)-1, 0, 1
	4, 5, 6


Note: The superscript of -1 or -2 means the frame number assuming the current frame is zero.

The rules for determining the subframes for GAP are: using one uplink subframe just before HeNB MIB/SIB subfames for frequency switching. Only 8 and 3 subframes is available for the first and subsequence MIB/SIB reading in some uplink-downlink configuration, which is fewer than 9 and 4 subframes for FDD. The UE can return to Macro cell (serving cell) using special subframe (subframe 1 or 6) for uplink transmission in the first uplink subframe in Macro cell.. 
 Then we can also get the impacted subframes for sending ACK/NACK in macro cell in table 3.
Table 3:   Impacted Subframes for sending ACK/NACK
	UL-DL Configuration
	Subframes impacted by first reading MIB
	Subframes impacted by sequent reading MIB
	Subframes impacted by reading SIB1 

	0
	(9-2, 4-1, 7-1, 9-1, 2, 4, 7) = 7
	(9-1, 4, 7) = 3
	(4, 9, 2+1) = 3

	1
	(3-1, 8-1, 2, 3, 7) = 5 
	(8-1, 3, 7) = 3
	(3, 8, 2+1) = 3

	2
	(2-1, 7-1(1/4), 2, 7(3/4)) = 4 or 2
	(2(1/4), 7(3/4)) = 2 or 0
	(7(1/4), 2+1(3/4)) = 2 or 0

	3
	(4-1, 2(2/3), 3, 4, 2+1(1/3)) = 5 or 3
	(3(1/2), 4, 2+1(1/3)) = 3 or 1
	(4, 2+1 (2/3)) = 2 or 0

	4
	(3-1, 2(2/4), 3) = 3 or 2
	(3(2/4), 2+1(2/4)) = 2 or 0
	(3, 2+1(2/4), 3+1(1/4)) = 3 or 1

	5
	(2(6/9), 2+1(3/9)) = 2 or 0
	(2(1/9), 2+1(3/9)) = 2 or 0
	(2+1(4/9)) = 1 or 0

	6
	(4-1, 7-1, 8-1, 2, 3, 4, 7, 8) = 8
	(8-1, 4, 7, 8) = 4
	(4, 2+1, 3+1) = 3


Note: 2(1/3) indicates only part of HARQ feedbacks is impacted in subframe 2, one of three ACK/NACK missed.
In above table, the calculation doest not consider the impact overlapping between gaps. It can be seen that there are no impact overlapping in configuration 0, 1, 2, and 3. However, e.g., for configuration 4, the subframes impacted by two successive GAP for reading SIB1 may be overlapped. Each time the UE　reads SIB, the GAP will impact subframe 3 in the current frame and subframe 3 in the subsequent frame. In configuration 5, impact on subframe 2 may be overlapped between successive MIB reading actions. In configuration 6, impact on subframe 8 may be overlapped between successive MIB reading actions.
Since we need to get the minimum number of ACK/NACK not impacted, overlapping issue can be ignored in the calculation. The number of sending ACK/NACK when UE read HeNB SI with autonomous gaps is listed in table 4.
Table 4:   number of sending ACK/NACK when UE read HeNB SI with autonomous gaps
	UL-DL Configuration
	the number of subframes
	the number of ACK/NACK 

	0
	60 – 7 – 4*3 – 5*3 = 26
	60 – 7 – 4*3 – 5*3 = 26

	1
	60 – 5 – 4*3 – 5*3 = 28
	60 – 5 - 4*3 – 5*3 = 28

	2
	30 – 4 – 4*2 – 5*2 = 8

30 – 2 – 4*0 – 5*0 = 28
	120 – 12 – 4*4 – 5*4 = 72 

	3
	45 – 5 – 4*3 – 5*2 = 18

45 – 3 – 4*1 – 5*1 = 33
	105 – 9 – 4*4 – 5*5 = 55

	4
	30 – 3 – 4*2 – 5*3 = 4

30 – 2 – 4*0 – 5*1 = 23
	120 – 10 – 4*4 – 5*7 = 59

	5
	15 – 2 – 4*2 – 5*1 = 0

15 – 0 – 4*0 – 5*0 = 15
	135 – 9 – 4*4 – 5*4 = 90

	6
	75 – 8 – 4*4 – 5*3 = 36
	75 – 8 – 4*4 – 5*3 = 36 


Note: the number in blue indicates the subframe number that UE still send ACK/NACK feedback while part ACK/NACK is missed.
3
Text Proposal
From above discussion, we present following text proposal for this requirement. The proposed requirements assume that the UE doesn’t send ACK/NACK feedback at all when part of the bundling ACK/NACK cannot be send due to loss of downlink . When using multiplex mode, the UE sends actual numbers of ACK/NACK feedback.
……
Given that continuous DL data allocation and no DRX is used, the UE shall have more than NACK ACK/NACK sending during identifying a new CGI of E-UTRA cell.
Table x.x  NACK for E-UTRA TDD
	UL-DL Configuration
	Bundling mode
	Multiplex mode

	0
	26
	26

	1
	28
	28

	2
	8
	72 

	3
	18
	55

	4
	4
	59

	5
	0
	90

	6
	36
	36 


4
Conclusion
This document discussed the UE sending ACK/NACK number during identifying a new CGI of E-UTRA cell with autonomous gaps. The text proposal for requirements is also presented. If it can be agreed, corresponding CR will be presented to capture the TP into RRM specification.
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