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1. Introduction
HARQ process number is an important parameter for designing HARQ operation, control channel, and buffer size in both UE and eNB. HARQ process number is different between FDD and TDD, so it should be defined as an UE capability parameter. This paper will analyze HARQ process number in TDD in detail.
2. Discussion
In last LTE meetings, it had been decided basically that the HARQ process number in FDD is 8. In TDD, the HARQ process number is more difficult to be decided. But it is definite that the HARQ process number in TDD is different from that in FDD.
Several aspects affect the HARQ process number settings: 1) switch-point periodicity (5 ms or 10 ms); 2) UL/DL allocation; 3) application of special fields of half-frame (whether DwPTs and UpPTs can transmit control signalling and data), and so on.
Based on the application of special fields of half-frame, there are 23=8 situations to compute HARQ process number. We compute it in two typical situations in Annex2.
Situation 1: DwPTs and UpPTs can transmit control signalling and data both;

Situation 2: DwPTs and UpPTs can’t transmit control signalling and data either.
Situation 1 has the minimum HARQ RTT but the maximum HARQ process number because the most occasions of signalling and data transmission are in one half-frame, and situation 2 has the maximum HARQ RTT but the minimum HARQ process number because the least occasions of signalling and data transmission are in one half-frame.
Based on computation in Annex2, HARQ process number settings are summarized in Table 1.
Table 1 HARQ process number in two typical situations
	
	DL
	UL

	Situation 1
	14
	9

	Situation 2
	12
	8


3. Conclusion

HARQ process number is an important MAC layer parameter of UE capability. This paper computes DL HARQ process number and UL HARQ process number in two typical situations. If RAN1 decides to adopt other situation, such as DwPTs can transmit control signalling and data both but UpPTs can’t transmit control signalling and data either, the HARQ process number will be varied but the principle and procedure of HARQ process number computation are the same. 
It is proposed to discuss this topic and capture the agreed parts in suitable section of 36.306. The TP is provided assuming DwPTs and UpPTs can transmit control signalling and data both as in situation 1.
On the other hand, HARQ process number will influence the maximum size of the total layer 2 buffer too. When RAN1 has decided the application of DwPTS and UpPTS, the maximum size of the total layer 2 buffer in TDD can be decided and new CR will be provided.
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4.3.3.1
HARQ process number
	
	DL
	UL

	FDD
	XX
	XX

	TDD
	14
	9


4.3.4
Physical Layer Parameters
Annex2
In this paper, we will discuss two typical situations:

· DwPTs and UpPTs can transmit control signalling and data both
· DwPTs and UpPTs can’t transmit control signalling and data either

Both 5 ms and 10 ms switch-point periodicity is supported in frame structure type 2. We’ll analyze them separately in each situation.
A2.1 DwPTs and UpPTs can transmit control signalling and data both
A2.1.1 Downlink
To confirm consecutive transmission, HARQ process number should be set to the number of DL subframes in RTT as shown in Table 2 and Table 3. To apply in all switch point settings, DL HARQ process number should be set to 14.
Table 2  5 ms switch-point periodicity
	
	HARQ RTT (ms)
	The number of DL subframes in RTT

	Initial transmission in
	UL：DL=1：3
	UL：DL=2：2
	UL：DL=3：1
	UL：DL=1：3
	UL：DL=2：2
	UL：DL=3：1

	Subframe0
	10
	10
	10
	8
	6
	4

	DwPTs
	9
	9
	9
	7
	5
	3

	Subframe3
	8
	
	
	7
	
	

	Subframe4
	11
	10
	
	9
	6
	

	HARQ Process Number
	
	
	
	9
	6
	4


Table 3  10 ms switch-point periodicity
	
	HARQ RTT (ms)
	The number of DL subframes in RTT

	Initial transmission in
	UL：DL=3：5
	UL：DL=2：6
	UL：DL=1：7
	UL：DL=3：5
	UL：DL=2：6
	UL：DL=1：7

	Subframe0
	8
	15
	15
	5
	11
	13

	DwPTs (Subframe1)
	14
	14
	14
	8
	10
	12

	Subframe3
	
	
	12
	
	
	11

	Subframe4
	
	11
	11
	
	9
	10

	Subframe5
	10
	10
	10
	7
	8
	9

	DwPTs(Subframe6)
	9
	9
	    9
	6
	7
	8

	Subframe7
	8
	8
	8
	5
	6
	7

	Subframe8
	8
	8
	8
	5
	6
	7

	Subframe9
	8
	8
	16
	5
	6
	14

	HARQ Process Number
	
	
	
	8
	11
	14


A2.1.2 Uplink
Based on RAN1 proposal [1], we compute HARQ process number assuming configuring RTT separately for each subframe and there are two different RTT values needed for different UL/DL allocation at most.
To apply in all switch point settings, UL HARQ process number should be set to 9.
Table 4  5 ms switch-point periodicity
	UL/DL allocation
	HARQ RTT (ms)
	HARQ Process Number

	UL:DL=1:3
	10
	4

	UL:DL=2:2
	10\15
	6

	UL:DL=3:1
	10\15
	9


Table 5  10 ms switch-point periodicity
	UL/DL allocation
	HARQ RTT (ms)
	HARQ Process Number

	UL:DL=3:5
	10
	4

	UL:DL=2:6
	10
	3

	UL:DL=1:7
	10
	2


A2.2 DwPTs and UpPTs can’t transmit control signalling and data either
A2.2.1 Downlink
To apply in all switch point settings, DL HARQ process number should be set to 12.
Table 6  5 ms switch-point periodicity
	
	HARQ RTT (ms)
	The number of DL subframes in RTT

	Initial transmission in:
	UL：DL=1：3
	UL：DL=2：2
	UL：DL=3：1
	UL：DL=1：3
	UL：DL=2：2
	UL：DL=3：1

	Subframe0
	13
	14
	10
	7
	5
	2

	Subframe3
	10
	
	
	6
	
	

	Subframe4
	14
	10
	
	8
	4
	

	HARQ Process Number
	
	
	
	8
	5
	2


Table 7  10 ms switch-point periodicity
	
	HARQ RTT (ms)
	The number of DL subframes in RTT

	Initial transmission in:
	UL：DL=3：5
	UL：DL=2：6
	UL：DL=1：7
	UL：DL=3：5
	UL：DL=2：6
	UL：DL=1：7

	Subframe0
	8
	16
	16
	3
	9
	11

	Subframe3
	
	
	13
	
	
	10

	Subframe4
	
	13
	12
	
	8
	9

	Subframe5
	12
	12
	11
	6
	7
	8

	Subframe7
	10
	10
	10
	5
	6
	7

	Subframe8
	9
	9
	9
	4
	5
	6

	Subframe9
	8
	8
	18
	3
	4
	12

	HARQ Process Number
	
	
	
	6
	9
	12


A2.2.2 Uplink
To apply in all switch point settings, UL HARQ process number should be set to 8.
Table 8  5 ms switch-point periodicity
	UL/DL allocation
	HARQ RTT (ms)
	HARQ Process Number

	UL:DL=1:3
	10
	2

	UL:DL=2:2
	10\15
	5

	UL:DL=3:1
	10\15
	8


Table 9  10 ms switch-point periodicity
	UL/DL allocation
	HARQ RTT (ms)
	HARQ Process Number

	UL:DL=3:5
	10
	3

	UL:DL=2:6
	10
	2

	UL:DL=1:7
	10
	1
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