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1. Introduction & Background
In RAN1#62bis Xi’an meeting, the time-domain extension of Rel 8/9 backhaul-based ICIC with respect to X2 interface is agreed[1]

 REF _Ref276935509 \n \h 
 \* MERGEFORMAT [3].  A bitmap pattern is used to indicate Almost Blank Subframe (ABS) pattern of Macro cell to Pico cell. Furthermore, the bitmap pattern is derived from two steps, 
· One bitmap indicates the subframes which are ABS

· A second bitmap indicates a subset of the subframes indicated by the first bitmap, which are recommended to receiving node for configuration of restricted RLM/RRM measurements

· Serving cell indicates actual resources for RLM/RRM and CSI through RRC signaling (details in next slide) 

Considering UL TDD HARQ process, we further refine the possible patterns of the first bitmap for different TDD UL/DL configurations in this contribution.
2. Principles
According to the last RAN1#62bis meeting’s conclusion, we think the following Principles are needed when considering the possible 1st ABS bitmap pattern for TDD,

Principle 1: No SF in ABS pattern is collide with SIB1

Considering associated PDCCH transmission when SIB1 is transmitted, it will cause severe interference to the control region of the victim cell. Then it is naturally the SF with SIB1 in aggressor cell is not preferred to be configured as ABS SF.
Principle 2: At least one paging occasion not collided with ABS SF within an ABS pattern period
For UEs in RRC_IDLE and UEs in RRC_CONNECTED, according to the current paging occasion specification [TS36.304 section 7], SF#0 is always a possible occasion from eNB perspective for TDD. Then consider at least SF#0 as a paging occasion should not be collided with ABS SF within an ABS pattern period. It also needs further investigation whether large paging latency and decreased paging capacity could satisfy the system requirement.
3. Possible ABS Patterns (1st bitmap)

Three steps are considered to choose ABS patterns from all the downlink SFs. 
STEP 1: downlink SF within a UL HARQ process consist of a possible ABS pattern
STEP 2: other downlink SF which does not contain a ACK/NACK transmission is also a possible ABS pattern

STEP 3: based on the two principles from section 2, the ABS pattern should not collided with paging occasion and SIB1 SF.
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Taking TDD UL/DL configuration#1 as an example (Figure 1):
· In STEP 1, all UL HARQ process are not collided with PO and SIB1;

· In STEP 2, only the second SF#0 and SF#5 are not collided with PO and SIB1 within a ABS pattern period (20ms).

Then the possible ABS pattern bitmap within a ABS pattern period could be as follows,
	ABS #0
	01000000000100000000

	ABS #1
	00001000000000100000

	ABS #2
	00000010000000001000

	ABS #3
	00000000010000000001

	ABS #4
	00000000001000000000

	ABS #5
	00000000000000010000


The above ABS patterns are also root ABS patterns, because other ABS patterns could be derived by a combination of several patterns from the root ABS patterns. After iterating all ABS patterns, it can be observed that, for TDD configuration#1
· Minimum ABS density is 1/12, maximum ABSF density is 5/6

· Possible ABS density is [1/12,2/12, 3/12, … 9/12, 10/12]

Table 2 is a summary of all TDD configurations. The root ABS patterns for other configurations are described in Annex 1. From the analysis from all TDD configurations, it is concluded that ,
· No available ABSF pattern for configuration 0.

· Maximum ABSF density for configuration 6 is 50%.

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	ABS pattern period (ms)
	ABS density range
	ABS density

	0
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U
	70
	-
	-

	1
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D
	20
	8.3% ~ 83.3%
	[1, 2, 3, 4, 5, 6, 7, 8, 9, 10]/12

	2
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	20
	6.3% ~ 87.5%
	[1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14]/16

	3
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D
	20
	7.1% ~ 78.6%
	[1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11]/14

	4
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D
	20
	6.3% ~ 87.5%
	[1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14]/16

	5
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D
	20
	5.6% ~ 88.9%
	[1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,15, 16]/18

	6
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D
	60
	16.7% ~ 50%
	[1, 2, 3]/6


Conclusion

This contribution analysis the ABS pattern configuration for TDD UL/DL 0-6. From the analysis from all TDD configurations, it is concluded that ,

· No available ABSF pattern for configuration 0.

· Maximum ABSF density for configuration 6 is 50%.

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
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	ABS density range
	ABS density

	0
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	S
	U
	U
	U
	D
	S
	U
	U
	U
	70
	-
	-

	1
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D
	20
	8.3% ~ 83.3%
	[1, 2, 3, 4, 5, 6, 7, 8, 9, 10]/12

	2
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	20
	6.3% ~ 87.5%
	[1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14]/16

	3
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D
	20
	7.1% ~ 78.6%
	[1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11]/14

	4
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D
	20
	6.3% ~ 87.5%
	[1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14]/16

	5
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D
	20
	5.6% ~ 88.9%
	[1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,15, 16]/18

	6
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D
	60
	16.7% ~ 50%
	[1, 2, 3]/6
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Annex 1 Root ABS patterns for TDD configurations 0-6

TDD Configuration 0
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SIB1 20 0 0 0 0 0 S1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 S1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 S1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 S1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 S1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 S1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 S1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SSS 5 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0

PSS 5 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0

PBCH 10 B 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0

Paing 20 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MBSFN 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ABS 20 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0

ABS 20 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 A 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 A 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 A 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 A 0 0 0

ABS 20 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0

ABS 20 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0

ABS 20 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0

ABS 20 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0

ABS 20 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0


Assumptions:

· Maximum UL HARQ process number is 7.

· 70ms ABSF pattern period.

Observation:

· All HARQ process#0-6 at least has one SF which need to transmit SIB1 -> no available ABSF pattern
· Paging SF is occurred every 70ms. -> large paging latency and decreased paging capacity.
TDD Configuration 1
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SSS 5 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0 SS 0 0 0 0

PSS 5 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0 0 PS 0 0 0

PBCH 10 B 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0

Paing 20 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MBSFN 10 0 0 0 0 M 0 0 0 0 M 0 0 0 0 M 0 0 0 0 M

ABS 20 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ABS 20 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ABS 20 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0

ABS 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0

ABS 20 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0

ABS 20 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0

ABS 20 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0

ABS 20 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A


Assumptions:

· Maximum UL HARQ process number is 4.

· 20ms ABSF pattern period.

Observation:

· Minimum ABSF density is 1/12, maximum ABSF density is 5/6

· Possible ABSF density is [1/12,2/12, 3/12, … 9/12, 10/12]

TDD Configuration 2
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ABS 20 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0

ABS 20 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 A 0

ABS 20 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ABS 20 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ABS 20 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0

ABS 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0

ABS 20 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ABS 20 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0

ABS 20 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0

ABS 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0

ABS 20 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ABS 20 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0

ABS 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0

ABS 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 A


Assumptions:

· Maximum UL HARQ process number is 2.

· 20ms ABSF pattern period.

Observation:

· Minimum ABSF density is 1/16, maximum ABSF density is 7/8

· Possible ABSF density is [1/16,2/16, , … 13/16, 14/16]

TDD Configuration 3
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ABS 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0


Assumptions:

· Maximum UL HARQ process number is 3.

· 20ms ABSF pattern period.

Observation:

· Minimum ABSF density is 1/14, maximum ABSF density is 11/14

· Possible ABSF density is [1/14, , …11/14]

TDD Configuration 4

Assumptions:

· Maximum UL HARQ process number is 2.

· 20ms ABSF pattern period.

Observation:

· Minimum ABSF density is 1/16, maximum ABSF density is 14/16

· Possible ABSF density is [1/16, , …14/16]

TDD Configuration 5

Assumptions:

· Maximum UL HARQ process number is 1.

· 20ms ABSF pattern period.

Observation:

· Minimum ABSF density is 1/18, maximum ABSF density is 16/18

· Possible ABSF density is [1/18, , …16/18]

TDD Configuration 6
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Macro D S U U U D S U U D D S U U U D S U U D D S U U U D S U U D D S U U U D S U U D D S U U U D S U U D D S U U U D S U U D

SIB1 20 0 0 0 0 0 S1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 S1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 S1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SSS 10 SS 0 0 0 0 0 0 0 0 0 SS 0 0 0 0 0 0 0 0 0 SS 0 0 0 0 0 0 0 0 0 SS 0 0 0 0 0 0 0 0 0 SS 0 0 0 0 0 0 0 0 0 SS 0 0 0 0 0 0 0 0 0

PSS 10 0 PS 0 0 0 0 0 0 0 0 0 PS 0 0 0 0 0 0 0 0 0 PS 0 0 0 0 0 0 0 0 0 PS 0 0 0 0 0 0 0 0 0 PS 0 0 0 0 0 0 0 0 0 PS 0 0 0 0 0 0 0 0

PBCH 10 B 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0

Paing 20 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MBSFN 10 0 0 0 0 0 0 0 0 0 M 0 0 0 0 0 0 0 0 0 M 0 0 0 0 0 0 0 0 0 M 0 0 0 0 0 0 0 0 0 M 0 0 0 0 0 0 0 0 0 M 0 0 0 0 0 0 0 0 0 M

ABS 60 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0

ABS 60 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0

ABS 60 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 A

ABS 60 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0

ABS 60 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0

ABS 60 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0 0


Assumptions:

· Maximum UL HARQ process number is 6.

· 60ms ABSF pattern period.

Observation:

· Minimum ABSF density is 1/6, maximum ABSF density is 1/2

· Possible ABSF density is [1/6, 2/6,3/6]
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