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1 Introduction
RAN1#62 meeting and the followed email discussion [1] [2] [3] have reached the following conclusions:
Agreements:
· HARQ processes are sequentially assigned to available subframes
· Similar to Rel-8 TDD
· Maximum number of processes is 6
· Further restricted in Rel-10 to support only 8ms backhaul subframe allocation
· Working Assumption is adopted that a table is used to determine the number of HARQ processes
The details of the table are FFS until the RAN1#62bis meeting. In this presentation, we discuss some considerations regarding Un subframe allocations in FDD, which results in certain pruning of the table entries.
2 Discussion

2.1 The basic principle of the table
The determination of the number of HARQ processes was discussed in [1]. In our view, Un subframe number in 8ms time window should be assumed so that the number of HARQ processes can be uniquely determined via a table look-up. In another word, we prefer restricting to the current 256 combinations.
During the email discussion in [1], a table was proposed which forbids the situation of having two different numbers of HARQ processes for the same subset combination. The motivation is to remove the 3rd table (called "Subset combinations supporting n-1 HARQ processes", and the 3rd table seems to express the impact on Uu UL HARQ process). In fact, the 3rd table may not actually be needed since the HARQ processes are sequentially assigned to available subframes.
Our view is to reduce the number of combinations the similar way as Huawei’s, i.e., to remove all combinations where the number of HARQ processes is not equal to the number of basic subsets. It is observed that when the number of HARQ processes is equal to the number of basic subsets in a combination (or subframe allocation pattern), there is least impact on Uu UL HARQ process. Some analyses on the influenced Uu UL HARQ process and the calculations of average delay are shown in Section 2.2.

Table 1：Fixed the number of HARQ processes (Huawei)
	Un subfame subset configuration
(Number of basic subsets)
	Number of HARQ processes

	1
	1

	2
	2

	3
	3

	4
	4

	5
	5

	6
	6

	7
	6


	8
	6


2.2 Uu UL HARQ process and average delay
Note that the number of basic subsets is different from the number of HARQ processes only when the number of HARQ processes is >= 3. Some examples are shown in the appendix where the affected Uu UL HARQ processes are also illustrated. The specific impact and average delay as shown in Table 2. More details can be seen in the appendix. Without loss of generality, we only show the first combination as an example and other combinations follow the same principle. 
The shady lines represent the combinations where the number of HARQ processes is not equal to the number of basic subsets. Although these combinations have small average delay in Un link, they affect more Uu UL HARQ processes. Also note is that the average delay of most of combinations is within 13.33 ms, i.e., if this average delay can be accepted, there is no strong reason to sacrifice more Uu UL HARQ processes in order to reduce the average delay. 

Average delay = the sum of each process’ average delay / the total number of process
Each process’ average delay = the total transmission time of each process / retransmission times of each process
Table 2：Impact on Uu UL HARQ process and average delay
	Combination
	The number of Un HARQ process
	The number of subset
	Affected the number of Uu HARQ process
	Not affected the number of Uu HARQ process
	Average delay

	Example 1-1（7）
	3
	3
	3
	5
	13.33ms

	Example 1-2（85）
	3
	4
	4
	4
	10ms

	Example 2-1（15）
	4
	4
	4
	4
	13.33ms

	Example 2-2（87）
	4
	5
	5
	3
	10.71ms

	Example 3-1（31）
	5
	5
	5
	3
	13.33ms

	Example 3-2（95）
	5
	6
	6
	2
	11.15ms

	Example 4-1（63）
	6
	6
	6
	2
	13.33ms

	Example 4-2（127）
	6
	7
	7
	1
	11.46ms

	Example 4-3（255）
	6
	8
	8
	0
	10ms


2.3 Combination detail
In [1], Ericsson proposed“With 8ms configuration period of Un subframes 8 different patterns are possible. Based on the position of the first Un subframe in the first frame of the 40ms configuration period each pattern can be represented by an 8-bit bitmap. Each combination of patterns can be identified by the decimal equivalent of the binary number representing the 8-bit bitmap. For instance the decimal number 170 represents the configuration with a combination of 4 patterns {10101010}.”Note that the mapping between 8 bits bitmap and 8 basic subsets needs to be defined, and we prefer the mapping proposed by LGE. Essentially, the mapping can be enumerated as in Table 3.
Table 3：The mapping between bitmap for Un subframe configuration and Un subframe subset
	
	MSB
	…
	…
	…
	…
	…
	…
	LSB

	
	8th bit
	7th bit
	6th bit
	5th bit
	4th bit
	3rd bit
	2nd bit
	1st bit

	
	Subset 7
	Subset 6
	Subset 5
	Subset 4
	Subset 3
	Subset 2
	Subset 1
	Subset 0

	Frame 4n
	8
	1
	2
	3
	None
	None
	6
	7

	Frame 4n+1
	6
	7
	8
	1
	2
	3
	None
	None

	Frame 4n+2
	None
	None
	6
	7
	8
	1
	2
	3

	Frame 4n+3
	2
	3
	None
	None
	6
	7
	8
	1


As described in Section 2.1 and 2.2, by considering the impact on Uu UL HARQ process and average delay, we prefer retaining only those combinations where the number of HARQ processes is equal to the number of basic subsets in the current 256-entry table. The number of remaining combinations is 208 (excluding the case that the number of HARQ process is 0) as shown in Table 4. In addition, we propose the state corresponding to deleted combination is reserved.
Table 4：Table when process number is equal to subset number in a combination
	Combination configuration
（decimal)
	The number of combination

(208)
	The number of Un HARQ processes
	The number of subsets
	The number of Un subframes

	1,2,4,8,16,32,64,128
	8
	1
	1
	3

	3,5,6,9,10,12,17,18,20,24,33,34,36,40,48,65,

66,68,72,80,96,129,130,132,136,144,160,192
	28
	2
	2
	6

	7,11,13,14,19,21,22,25,26,28,35,37,38,41,42,

44,49,50,52,56,67,69,70,73,74,76,81,82,84,

88,97,98,100,104,112,131,133,134,137,138,

140,145,146,148,152,161,162,164,168,176,

193,194,196,200,208,224
	56
	3
	3
	9

	15,23,27,29,30,39,43,45,46,51,53,54,57,58,

60,71,75,77,78,83,86,89,90,92,99,101,102,

105,106,108,113,114,116,120,135,139,141,

142,147,149,150,153,154,156,163,165,166,

169,172,177,178,180,184,195,197,198,201,

202,204,209,210,212,216,225,226,228,232,240
	68
	4
	4
	12

	31,47,55,59,61,62,79,94,103,110,115,118,121,

122,124,143,151,155,157,158,167,179,185,188,

199,203,205,206,211,217,220,227,229,230,233,

236,241,242,244,248
	40
	5
	5
	15

	63,126,159,207,231,243,249,252
	8
	6
	6
	18


3 Summary
In this contribution, we discuss the details of the table to determine the number of Un UL HARQ processes. By considering the impact on Uu UL HARQ process and the average delay, we propose：

Proposal 1：Un subframe number in 8ms time window should be assumed so that a table can be used to uniquely determine the number of HARQ processes.
Proposal 2：Establish the mapping between bitmap for Un subframe configuration and Un subframe subset, as shown in the table 3.
Proposal 3：Retain only all combinations that the HARQ process number is equal to the subset number in the current table, as shown 1st and 3rd column in the table 4.
Proposal 4：The state corresponding to deleted combination is reserved.
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5 Appendix

Example 1-1：

Combination is“7”or“00000111”
Un UL HARQ process number = 3
Subset number in this combination = 3
Affected the number of Uu HARQ process is 3 (#1、#2、#3 process)
Not affected the number of Uu HARQ process is 5（#0、#4、#5、#6、#7 process）
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Figure 1：Example 1-1

Example 1-2：

Combination is“85”or“01010101”

Un UL HARQ process number = 3

Subset number in this combination = 4
Affected the number of Uu HARQ process is 4 (#1、#3、#5、#7 process)

Not affected the number of Uu HARQ process is 4（#0、#2、#4、#6 process）
[image: image2.png]| |




Figure 2：Example 1-2

Example 2-1：

Combination is“15”or“00001111”

Un UL HARQ process number = 4

Subset number in this combination = 4
Affected the number of Uu HARQ process is 4 (#0、#1、#2、#3 process)

Not affected the number of Uu HARQ process is 4（#4、#5、#6、#7 process）
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Figure 3：Example 2-1

Example 2-2：

Combination is“87”or“01010111”

Un UL HARQ process number = 4

Subset number in this combination = 5
Affected the number of Uu HARQ process is 5 (#1、#2、#3、#5、#7 process)

Not affected the number of Uu HARQ process is 3（#0、#4、#6 process）
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Figure 4：Example 2-2

Example 3-1：

Combination is“31”or“00011111”

Un UL HARQ process number = 5

Subset number in this combination = 5
Affected the number of Uu HARQ process is 5 (#0、#1、#2、#3、#7 process)

Not affected the number of Uu HARQ process is 3（#4、#5、#6 process）
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Figure 5：Example 3-1

Example 3-2：

Combination is“95”or“01011111”

Un UL HARQ process number = 5

Subset number in this combination = 6
Affected the number of Uu HARQ process is 6 (#0、#1、#2、#3、#5、#7 process)

Not affected the number of Uu HARQ process is 2（#4、#6 process）
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Figure 6：Example 3-2

Example 4-1：

Combination is“63”or“00111111”

Un UL HARQ process number = 6

Subset number in this combination = 6
Affected the number of Uu HARQ process is 6 (#0、#1、#2、#3、#6、#7 process)

Not affected the number of Uu HARQ process is 2（#4、#5 process）
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Figure 7：Example 4-1

Example 4-2：

Combination is“127”or“01111111”

Un UL HARQ process number = 6

Subset number in this combination = 7
Affected the number of Uu HARQ process is 7 (#0、#1、#2、#3、#5、#6、#7 process)

Not affected the number of Uu HARQ process is 1（#4 process）
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Figure 8：Example 4-2

Example 4-3：

Combination is“255”or“11111111”

Un UL HARQ process number = 6

Subset number in this combination = 8
Affected the number of Uu HARQ process is 8 (#0、#1、#2、#3、#4、#5、#6、#7 process)

Not affected the number of Uu HARQ process is 0（Null）
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Figure 9：Example 4-3
