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1 Introduction

In current edition of [1], the autonomous SI acquisition is to be carried out within 150 ms, and during the new CGI identification the UE shall have more than [60] ACK/NACK sending in case of FDD. Similar requirements have been proposed for TDD systems. However, the core requirement in TDD should be different from that in FDD because the mechanism of ACK/NACK sending is quite different and complex in TDD. Therefore, at the RAN4 #57 meeting, the autonomous SI acquisition requirements in TDD have been discussed in [2] and [3] by sensing the current core requirements are not effective for TDD. Based on the discussion for FDD in [4], the TDD requirements with autonomous gaps are derived in this contribution. Followed by our analysis, some options for TDD requirements are listed and discussed, and we finally propose the core requirements for intra-frequency and inter-frequency in TDD by taking the different UL/DL configurations and different frequency layer mapping into account.

2 Discussions for ACK/NACK Loss
In [5], the supported uplink-downlink configurations in TDD are listed in Table 4.2-2. The subframes for downlink transmissions occupy some of the subframes in a radio frame, and vary according to the uplink-downlink configurations. Moreover, uplink ACK/NACK timing in TDD is specified in section 10.2 in [6]. Therefore, we can count the ACK/NACK loss under different TDD UL/DL configurations followed by [4], [5] and [6].
In TDD, the MIB and SIB1 are broadcasted in subframe #0 and subframe #5 of a radio frame respectively. Thus the gaps for MIB and SIB1 reception should be existed on the specific subframes. According to the assumption in [4], there are 5 attempts for MIB and SIB1 receptions within 150ms of identifying CGI. For the MIB reception, the first gap should be 9ms taking 5ms AFC acquisition and 4ms MIB decoding into account. Considering the other attempts for MIB and all the attempts for SIB1, 4ms gap should be required. 

If we do not consider the channel estimation, RF synthesiser switching and the other implementation issues, there are totally four options to start the autonomous gap. For the first gap of MIB acquisition, the specific subframe containing MIB can be the sixth, seventh, eighth or ninth subframe in the 9ms gap. And for the other gaps of MIB or SIB1 acquisition, the specific subframe containing MIB or SIB1 can be existed on the first, second, third or fourth subframe in the 4ms gap.
Assume N1 is the number of lost ACK/NACK in the first 9ms gap for MIB reception, N2 is the number of lost ACK/NACK in the other 4ms gap for MIB reception, N3 is the number of lost ACK/NACK in the 4ms gaps for SIB1 reception, N4 is the number of ACK/NACK in 150ms without gaps, N5 is the possible total number of lost ACK/NACK with gaps, and N6 is the number of ACK/NACK sending at least with gaps.
Therefore, based on the previous assumptions, we analyze and derive the ACK/NACK loss under different UL/DL configurations with different gap positions.
2.1  Uplink-downlink Configuration 0
The TDD UL/DL configuration 0 is 5ms period with “D S U U U” configuration. According to uplink ACK/NACK timing in [6], the subframe #2, #4, #7, #9 will send the ACK/NACK for the corresponding subframe(s) as illustrated in Figure 1. With the different gap positions, the different ACK/NACK loss can be obtained. 
· Option 1: MIB or SIB1 is on the third subframe of 4ms MIB or SIB1 acquisition gap 
As shown in Figure 1 (a), for the first 9ms gap, 6 ACK/NACK will be lost, i.e.,  3 ACK/NACK  due to that the DL subframes (#6, #0, #1) were not received, and 3 ACK/NACK  due to that response on UL subframes (#4, #7, (#5, #9)) received before the gap cannot be transmitted. Note that, DL subframe #5 and UL subframe #9 only lead to 1 ACK/NACK loss in the first 9ms gap. For the other 4ms gap for MIB decoding, 3 ACK/NACK will be lost, i.e., 2 ACK/NACK due to that the DL subframes (#0, #1)were not received, and 1 ACK/NACK  due to that response on UL 
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Figure 1.  ACK/NACK loss under TDD UL/DL configuration 0
subframe (#9) received before the gap cannot be transmitted. For the 4ms gap for SIB1 decoding, 3 ACK/NACK will be lost, i.e.,  2 subframes (#5, #6)due to that the DL subframes were not received, and 1 subframe (#4) due to that response on subframes received before the gap cannot be transmitted.

Based on the previous assumptions, we can get that N1=6, N2=3, N3=3, N4=4*15=60, N5=N1+N2*4+N3*5=33, N6=N4-N5=27.

Therefore, at least [27] ACK/NACK can be sent in this case.

· Option 2: MIB or SIB1 is on the second subframe of 4ms MIB or SIB1 acquisition gap

Similar with Option 1, the ACK/NACK loss can be achieved. As shown in Figure 1 (b), for the first 9ms gap, 6 ACK/NACK (#4, #7, (#5, #9), #0, #1, (#6, #2)) will be lost. For the other gaps for MIB reception, 4 ACK/NACK (#9, #0, #1, #2) will be lost. Considering the gaps for SIB1 reception, another 4 ACK/NACK (#4, #5, #6, #7) will be lost. 
Therefore, N1=6, N2=4, N3=4, N4=4*15=60, N5=N1+N2*4+N3*5=42, N6=N4-N5=18, and at least [18] ACK/NACK can be sent in this case. 

· Option 3: MIB or SIB1 is on the forth subframe of 4ms MIB or SIB1 acquisition gap

As shown in Figure 1 (c), the first 9ms gap leads to 6 ACK/NACK loss, and each 4ms gap for MIB decoding leads to 3 ACK/NACK loss. Moreover, each 4ms gap for SIB1 decoding causes 3 lost ACK/NACK. 
Therefore, N1=6, N2=3, N3=3, N4=4*15=60, N5=N1+N2*4+N3*5=33, N6=N4-N5=27, and at least [27] ACK/NACK can be sent in this case. 

· Option 4: MIB or SIB1 is on the first subframe of 4ms MIB or SIB1 acquisition gap

As shown in Figure 1 (d), the first 9ms gap leads to 5 ACK/NACK loss, and each 4ms gap for MIB decoding leads to 3 ACK/NACK loss. Moreover, each 4ms gap for SIB1 decoding causes 3 lost ACK/NACK. 

Therefore, N1=5, N2=3, N3=3, N4=4*15=60, N5=N1+N2*4+N3*5=32, N6=N4-N5=28, and at least [28] ACK/NACK can be sent in this case. 

2.2  Uplink-downlink Configuration 1

The TDD UL/DL configuration 0 is 5ms period with “D S U U D” configuration. According to uplink ACK/NACK timing in [6], the subframe #2, #3, #7, #8 will send the ACK/NACK for the corresponding subframe(s) as illustrated in Figure 2. With the different gap positions, the different ACK/NACK loss can be obtained.
· Option 1: MIB or SIB1 is on the third subframe of 4ms MIB or SIB1 acquisition gap 

As shown in Figure 2 (a), for the first 9ms gap, 9 ACK/NACK will be lost, i.e.,  5 ACK/NACK  due to that the DL subframes (#5, #6, #9, #0, #1) were not received, and 4 ACK/NACK due to that response on UL subframes (#3, #7(2 ACK/NACK loss, for previous #0 and #1), (#4, #8)) received before the gap cannot be transmitted. For the other 4ms gap for MIB decoding, 4 ACK/NACK will be lost, i.e., 3 ACK/NACK  due to that the DL subframes (#9, #0, #1) were not received, and 1 ACK/NACK  due to that response on UL subframe (#8) received before the gap cannot be transmitted. For the 4ms gap for SIB1 decoding, 4 ACK/NACK will be lost, i.e., 3 ACK/NACK  due to that the DL subframes (#4, #5, #6) were not received, and 1 ACK/NACK  due to that response on UL subframe (#3) received before the gap cannot be transmitted. 
Then, we can obtain that N1=9, N2=4, N3=4, N4=6*15=90, N5=N1+N2*4+N3*5=45, N6=N4-N5=45.

Therefore, at least [45] ACK/NACK can be sent in this case.

· Option 2: MIB or SIB1 is on the second subframe of 4ms MIB or SIB1 acquisition gap

Similar with Option 1, the ACK/NACK loss can be achieved. As shown in Figure 2 (b), for the first 9ms gap, 8 ACK/NACK (#7(2 ACK/NACK loss, for previous #0 and #1), (#4, #8), #9, #0, #1, (#5, #2), (#6, #2)) will be lost. For the other gaps for MIB reception, 5 ACK/NACK (#9, #0, #1, #2(2 ACK/NACK loss, for previous #5 and #6)) will be lost. Considering the gaps for SIB1 reception, another 5 ACK/NACK (#4, #5, #6, #7(2 ACK/NACK loss, for previous #0 and #1)) will be lost. 

Therefore, N1=8, N2=5, N3=5, N4=6*15=90, N5=N1+N2*4+N3*5=53, N6=N4-N5=37, and at least [37] ACK/NACK can be sent in this case.
· Option 3: MIB or SIB1 is on the forth subframe of 4ms MIB or SIB1 acquisition gap

As shown in Figure 2 (c), the first 9ms gap leads to 10 ACK/NACK loss, and each 4ms gap for MIB decoding leads to 5 ACK/NACK loss. Moreover, each 4ms gap for SIB1 decoding causes 5 lost ACK/NACK. 

Therefore, N1=10, N2=5, N3=5, N4=6*15=90, N5=N1+N2*4+N3*5=55, N6=N4-N5=35, and at least [35] ACK/NACK can be sent in this case. 

· Option 4: MIB or SIB1 is on the first subframe of 4ms MIB or SIB1 acquisition gap 
As shown in Figure 2 (d), the first 9ms gap leads to 8 ACK/NACK loss, and each 4ms gap for MIB decoding leads to 5 ACK/NACK loss. Moreover, each 4ms gap for SIB1 decoding causes 5 lost ACK/NACK. 

Therefore, N1=8, N2=5, N3=5, N4=6*15=90, N5=N1+N2*4+N3*5=53, N6=N4-N5=37, and at least [37] ACK/NACK can be sent in this case. 
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Figure 2.  ACK/NACK loss under TDD UL/DL configuration 1

2.3  Uplink-downlink Configuration 3

The TDD UL/DL configuration 3 is 10ms period with “D S U U U D D D D D” configuration. According to uplink ACK/NACK timing in [6], the subframe #2, #3, #4 will send the ACK/NACK for the corresponding subframe(s) as illustrated in Figure 3. With the different gap positions, the different ACK/NACK loss can be obtained.
· Option 1: MIB or SIB1 is on the third subframe of 4ms MIB or SIB1 acquisition gap 

As shown in Figure 3 (a), for the first 9ms gap, 11 ACK/NACK will be lost, i.e.,  7 ACK/NACK  due to that the DL subframes (#5, #6, #7, #8, #9, #0, #1) were not received, and 4 ACK/NACK due to that response on UL subframes (#3(2 ACK/NACK loss, for previous #7 and #8), #4(2 ACK/NACK loss, for previous #0 and #9)) received before the gap cannot be transmitted. For the other 4ms gap for MIB decoding, 4 ACK/NACK will be lost, i.e., 4 ACK/NACK  due to that the DL subframes (#8, #9, #0, #1) were not received. For the 4ms gap for SIB1 decoding, 6 ACK/NACK will be lost, i.e., 2 ACK/NACK  due to that the DL subframes (#5, #6) were not received, and 4 ACK/NACK due to that response on UL subframes (#3(2 ACK/NACK loss, for previous #7 and #8), #4(2 ACK/NACK loss, for previous #0 and #9)) received before the gap cannot be transmitted. 
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Figure 3.  ACK/NACK loss under TDD UL/DL configuration 3
Then, we can obtain that N1=11, N2=4, N3=6, N4=7*15=105, N5=N1+N2*4+N3*5=57, N6=N4-N5=48.

Therefore, at least [48] ACK/NACK can be sent in this case.

· Option 2: MIB or SIB1 is on the second subframe of 4ms MIB or SIB1 acquisition gap

Similar with Option 1, the ACK/NACK loss can be achieved. As shown in Figure 3 (b), for the first 9ms gap, 10 ACK/NACK (#4(2 ACK/NACK loss, for previous #0 and #9), #7, #8, #9, #0, #1, #2(3ACK/NACK loss, for previous #1, #5 and #6)) will be lost. For the other gaps for MIB reception, 6 ACK/NACK (#9, #0, #1, #2(3 ACK/NACK loss, for previous #1, #5 and #6)) will be lost. Considering the gaps for SIB1 reception, another 5 ACK/NACK (#4(2 ACK/NACK loss, for previous #7 and #8), #5, #6, #7) will be lost. 

Therefore, N1=10, N2=6, N3=5, N4=7*15=105, N5=N1+N2*4+N3*5=59, N6=N4-N5=46, and at least [46] ACK/NACK can be sent in this case.

· Option 3: MIB or SIB1 is on the forth subframe of 4ms MIB or SIB1 acquisition gap

As shown in Figure 3 (c), the first 9ms gap leads to 13 ACK/NACK loss, and each 4ms gap for MIB decoding leads to 4 ACK/NACK loss. Moreover, each 4ms gap for SIB1 decoding causes 8 lost ACK/NACK. 

Therefore, N1=13, N2=4, N3=8, N4=7*15=105, N5=N1+N2*4+N3*5=69, N6=N4-N5=36, and at least [36] ACK/NACK can be sent in this case. 

· Option 4: MIB or SIB1 is on the first subframe of 4ms MIB or SIB1 acquisition gap 
As shown in Figure 3 (d), the first 9ms gap leads to 8 ACK/NACK loss, and each 4ms gap for MIB decoding leads to 7 ACK/NACK loss. Moreover, each 4ms gap for SIB1 decoding causes 4 lost ACK/NACK. 

Therefore, N1=8, N2=7, N3=4, N4=7*15=105, N5=N1+N2*4+N3*5=56, N6=N4-N5=49, and at least [49] ACK/NACK can be sent in this case. 
2.4  Summary for All Configurations

Due to the limited length of paper, we will not give the detail analysis for the other configurations by making use of the same analyzing method. The analysis results based on N1~N6 for each option with different autonomous gap position can be summarized in Table 1~Table 4.
Table 1.  The analysis for ACK/NACK loss with N1~N6 in option 1
	Uplink-downlink

configuration
	N1
	N2
	N3
	N4
	N5
	N6

	0
	6
	3
	3
	60
	33
	27

	1
	9
	4
	4
	90
	45
	45

	2
	11
	4
	4
	120
	47
	73

	3
	11
	4
	6
	105
	57
	48

	4
	12
	4
	7
	120
	63
	57

	5
	9
	4
	4
	135
	45
	90

	6
	9
	4
	4
	75
	45
	30


Table 2.  The analysis for ACK/NACK loss with N1~N6 in option 2 

	Uplink-downlink

configuration
	N1
	N2
	N3
	N4
	N5
	N6

	0
	6
	4
	4
	60
	42
	18

	1
	8
	5
	5
	90
	53
	37

	2
	11
	7
	7
	120
	74
	46

	3
	10
	6
	5
	105
	59
	46

	4
	10
	7
	4
	120
	58
	62

	5
	12
	12
	4
	135
	80
	55

	6
	8
	4
	4
	75
	44
	31


Table 3.  The analysis for ACK/NACK loss with N1~N6 in option 3 

	Uplink-downlink

configuration
	N1
	N2
	N3
	N4
	N5
	N6

	0
	6
	3
	3
	60
	33
	27

	1
	10
	5
	5
	90
	55
	35

	2
	14
	7
	7
	120
	77
	43

	3
	13
	4
	8
	105
	69
	36

	4
	15
	4
	10
	120
	81
	39

	5
	17
	4
	12
	135
	93
	42

	6
	9
	4
	4
	75
	45
	30


Assume Nbasic_identify_CGI is the ACK/NACK number should be sent during the identification of CGI cell. Therefore, the final results for each option can be summarized as follows.

Table 4.  The analysis for ACK/NACK loss with N1~N6 in option 4 

	Uplink-downlink

configuration
	N1
	N2
	N3
	N4
	N5
	N6

	0
	5
	3
	3
	60
	32
	28

	1
	8
	5
	5
	90
	53
	37

	2
	11
	7
	7
	120
	74
	46

	3
	8
	7
	4
	105
	56
	49

	4
	10
	10
	4
	120
	70
	50

	5
	13
	12
	4
	135
	81
	54

	6
	7
	4
	4
	75
	43
	32


	Table 5.  Nbasic_identify_CGI performance for Option 1
	Table 6. Nbasic_identify_CGI performance for Option 2

	Uplink-downlink 

configuration

Nbasic_identify_CGI
0

[27]

1

[45]

2

[73]

3

[48]
4

[57]
5

[90]
6

[30]
Note: The MIB/SIB1 is on the 3rd subframe of 4ms gap.
	Uplink-downlink 

configuration

Nbasic_identify_CGI
0

[18]

1

[37]

2

[46]

3

[46]
4

[62]
5

[55]
6

[31]
Note: The MIB/SIB1 is on the 2nd subframe of 4ms gap.


	Table 7. Nbasic_identify_CGI performance for Option 3
	Table 8. Nbasic_identify_CGI performance for Option 4

	Uplink-downlink 

configuration

Nbasic_identify_CGI
0

[27]

1

[35]

2

[43]

3

[36]
4

[39]
5

[42]
6

[30]
Note: The MIB/SIB1 is on the 4th subframe of 4ms gap.
	Uplink-downlink 

configuration

Nbasic_identify_CGI
0

[28]

1

[37]

2

[46]

3

[49]
4

[50]
5

[54]
6

[32]
Note: The MIB/SIB1 is on the 1st subframe of 4ms gap.


However, Table 5~Table 8 are based on the assumptions that the channel estimation, RF synthesiser switching and the other implementation issues are not taken into account. Actually, for both intra-frequency and inter-frequency, the implementation issues should be considered. For intra-frequency case, channel estimation for identifying a new CGI of E-UTRA cell is necessary before intra frequency decoding. The Option 4, in which the MIB/SIB1 is on the 1st subframe of 4ms gap, may be not available and safe enough considering channel estimation. Therefore, options 1-3 may be utilized and the final analysis results for intra-frequency can be concluded in Table 9 by the minimum performance from Tables 5-7.
	Table 9. Nbasic_identify_CGI, intra performance for TDD

	Uplink-downlink 

configuration

Nbasic_identify_CGI, intra
0

[18]

1

[35]

2

[43]

3

[36]
4

[39]
5

[42]
6

[30]
Note: The result is based on the minimum performances combined with Options 1-3 for intra-frequency case.


Different from intra-frequency case, for inter-frequency measurement, not only the channel estimation is needed, but also the RF synthesiser switching is needed. After the decoding for MIB or SIB1 information of the cell, the UE should make re-tuning to its original frequency of serving cell. Thus, besides the option 4, unfortunately, the option 3 may be not available and safe enough either considering RF synthesiser switching. Therefore, options 1-2 may be utilized and the final analysis results for inter-frequency can be concluded in Table 10 by the minimum performance from Tables 5-6.
	Table 10. Nbasic_identify_CGI, inter performance for TDD

	Uplink-downlink 

configuration

Nbasic_identify_CGI, inter
0

[18]

1

[37]

2

[46]

3

[46]
4

[62]
5

[55]
6

[30]
Note: The result is based on the minimum performances combined with Options 1-2 for inter-frequency case.


3 Proposed Core Requirements in TDD
Based on the previous analysis, the autonomous SI acquisition requirements in TDD of TS 36.133 should be corrected. For intra-frequency measurement of autonomous SI acquisition, Table 9 is an available format for different TDD UL/DL configurations, which is a configuration-specific requirement. However, for inter-frequency measurement or inter-RAT measurement of autonomous SI acquisition, if Table 10 is adopted, it will lead to many mapping between different frequency layers and between each frequency layer to other RAT. Note that, except uplink-downlink configuration #0, the Nbasic_identify_CGI, inter of the other configurations in Table 10 is larger than [30]. Therefore, the performance for inter-frequency can be simplified as Table 11 firstly:
	Table 11.  Nbasic_identify_CGI, inter performance for TDD

	Uplink-downlink 

configuration

Nbasic_identify_CGI, inter
0

[18]

1, 2, 3, 4, 5 and 6
[30]

Note: The result is based on the minimum performances combined with Options 1-2 for inter-frequency case.


However, in R8 and R9, the configuration #0 is seldom utilized in practical system. Therefore, mainly taking the number of different mapping frequency layer into account, we final propose the inter-frequency requirement set to be [30] since the configuration #0 is seldom utilized in practical system.
Proposal 1: For intra-frequency measurement, the ACK/NACK performance for autonomous SI acquisition requirements in TDD should be sent as Nbasic_identify_CGI, intra during identifying a new CGI of E-UTRA cell:
	Uplink-downlink 

configuration
	Nbasic_identify_CGI, intra

	
	

	0
	[18]

	1
	[35]

	2
	[43]

	3
	[36]

	4
	[39]

	5
	[42]

	6
	[30]


Proposal 2: For inter-frequency measurement, the ACK/NACK performance for autonomous SI acquisition requirements in TDD should be sent as [30] during identifying a new CGI of E-UTRA cell.
4 Conclusion
In this contribution, we derive the TDD requirements with autonomous gaps. Based on our analysis, we finally propose the core requirements for intra-frequency and inter-frequency in TDD by taking the different UL/DL configurations and different frequency layer mapping into account. The final proposals are
Proposal 1: For intra-frequency measurement, the ACK/NACK performance for autonomous SI acquisition requirements in TDD should be sent as Nbasic_identify_CGI, intra during identifying a new CGI of E-UTRA cell:
	Uplink-downlink 

configuration
	Nbasic_identify_CGI, intra

	
	

	0
	[18]

	1
	[35]

	2
	[43]

	3
	[36]

	4
	[39]

	5
	[42]

	6
	[30]


Proposal 2: For inter-frequency measurement, the ACK/NACK performance should be sent as [30] during identifying a new CGI of E-UTRA cell.
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