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1. Introduction

The required number of HARQ process is directly related to the overall HSUPA timing. In this paper, we analyze the relationship and propose to employ the time-multiplexing of E-RGCH and E-HICH signals for different UEs in 10 ms TTI  case.
2. Analysis of required number of HARQ processes
Basically, we support to define the same number of HARQ processes for all the UEs within a cell. We also assume that E-HICH and E-RGCH timings are aligned, that is, an E-HICH and an E-RGCH corresponding to an E-DCH transmission of a specific UE are transmitted at the same timing. 

To analyze the required number of HARQ processes and HSUPA timing, we define the following notations:

Tpd         : propagation delay

Tnb         : Node B processing time

Thi         : E-HICH(E-RGCH) signaling length

Td_hi     : delay from the completion of the Node B processing to the HI (or RG) transmission due to the asynchronous UL timings between different UEs

Td_hi_max : possible maximum value of Td_hi
Tag         : E-AGCH signaling length

Td_ag       : delay from the completion of the Node B processing to the AG transmission due to the asynchronous UL timings for different UEs 

Td_ag_max : possible maximum value of Td_ag

Td_ns          : delay from the completion of the RG transmission of the serving Node B to the completion of the RG transmission of the non-serving Node B due to the different DL timings between different cells

Td_ns_max  : possible maximum value of Td_ns
Tue              : UE processing time

2.1 2 ms TTI

In 2 ms TTI case, UE should be able to receive E-RGCH and E-RGCH signaling before retransmitting an E-DCH packet since it was decided in RAN2#45bis meeting that the scheduling commands should operate in a ‘per-process’ manner [1]. Figure 1 illustrates the case of 1-slot resolution timing for the transmission of E-HICH/E-RGCH. In the Figure 1, UE1 is kind of  best-timing UE who requires 7 HARQ processes. There can be UEs with worse timing as like UE2 for which Node B should wait for the next slot boundary (or next subframe boundary) for E-HICH/E-RGCH (or E-AGCH) transmission. In the figure, UE2 requires 8 HARQ processes so that required number of HARQ processes is 8 to support worst case UEs. Figure 2 illustrates the case of 3-slot resolution timing for the transmission of E-HICH/E-RGCH. With this example, required nmber of HARQ processes is 9.

It can be found from the figures that the required minimum time interval from the end of a E-DCH transmission to the start of the E-DCH retransmission is calculated by:

Trtr_intv = MAX{ Trtr_intv_hi , Trtr_intv_ag }




(eq.1)

where,

Trtr_intv_hi = Tpd + Tnb + Td_hi_max + Thi + Td_ns_max + Tpd + Tue                           (eq.2)

Trtr_intv_ag = Tpd + Tnb + Td_ag_max + Tag + Tpd + Tue                                                           (eq.3)
By using the above formula, we can see the required number of HARQ processes with 2 ms TTI as in Table 1. As shown in the table, 3-slot resolution timing requires 1 additional HARQ process compared to the 1-slot resolution case in general.

Table 1. required number of HARQ process with 2 ms TTI (Tpd=0.5, Unit is slot)
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2.2 10 ms TTI, without E-HICH (E-RGCH) time multiplexing

In RAN2#45bis meeting, it was decided that the scheduling commands should not be related to a special HARQ process in case of 10 ms TTI [1]. In this case, E-RGCH and E-AGCH timing can be excluded in the designing of HARQ timing.

Figure 3 shows a typical example of 2 ms E-HICH signaling when it is assumed that the E-HICH transmit timing between different UEs are allocated by 1-slot resolution. In this example UE1 is kind of a best-timing UE who requires 3 HARQ processes. There can be UEs with worse timing as like UE2 for which Node B should wait for the next slot boundary in E-HICH transmission. However, as shown in the figure, the required number of HARQ processes can be still kept as 3 for a worst timing UE within a wide range of required Node B and UE processing time. Figure 4 shows an example of 10 ms E-HICH signaling when it is assumed that the E-HICH transmit timing between different UEs are allocated by 1-slot resolution. The figure illustrates that the required number of HARQ processes can be 4 depending on the required Node B and UE processing time. 

In the case of 10 ms TTI, (eq. 2) in section 2.1 can be used in calculating the required number of HARQ processes. 

2.3 10 ms TTI, with E-HICH (E-RGCH) time multiplexing

It is possible to multiplex 5 E-HICH (E-RGCH) signals to different UEs into one orthogonal sequence on the same OVSF code if we use 2-ms duration E-HICH (E-RGCH) in case of 10 ms TTI, which is illustrated in Figure 5. Time multiplexing of E-HICH (E-RGCH) can save the OVSF code resource usage. 

To adopt time-multiplexing of E-HICH (E-RGCH), 2 ms-length E-HICH (E-RGCH) for different UEs should be subframe-aligned. Figure 3 shows an example of this option. As shown in Figure 5, the required number of HARQ processes can be 4 depending on the required Node B and UE processing time. 

For the calculation of the required number of HARQ processes with time-multiplexing of E-HICH (E-RGCH), (eq.2) in section 2.1 can be modified as follows.

Trtr_intv = Tpd + Tnb + Td_hi_max + 5(Thi + Td_ns_max + Tpd + Tue  

(eq.2)

Table 2 shows the required number of HARQ process with various configurations. As shown in the table, time multiplexing of 2 ms E-HICH signaling requires 1 additional HARQ process compared with the case of 2 ms E-HICH signaling without time multiplexing. In addition, time multiplexing of 2 ms E-HICH signaling requires 1 additional or the same number of HARQ process compared with the case of 10 ms E-HICH signaling without time multiplexing depending on the required Node B and UE processing time. 

Table 2. required number of HARQ process with 10 ms TTI and various configurations (Tpd=0.5, Unit is slot)
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Table 2. (continued)
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However, with 1 or 0 additional HARQ process, time multiplexing of E-HICH (E-RGCH) of multiple UEs on one orthogonal sequence will be very beneficial in OVSF code usage. For example, an operator may use only one OVSF code for the transmission of E-HICH and E-RGCH for all the UEs in that cell by adopting only 10 ms TTI within that cell and adopting time multiplexing. We show a simple calculation of OVSF code usage in Table 3. Saving downlink OVSF code resource will be imperious need when assuming most of the downlink resources are allocated to HS-PDSCH.

Table 3. OVSF code usage w & w/o time-multiplexing of E-HICH (E-RGCH)

	number of UEs in a cell
	required number of OVSF codes for 

E-RGCH and E-HICH transmission

	
	w TDM
	w/o TDM

	1~20
	1
	1

	21~40
	1
	2

	41~60
	1
	3

	61~80
	1
	4

	81~100
	1
	5


3. Conclusions
We can summarize the conclusions as follows.

- With 2 ms TTI, 3-slot resolution of E-HICH (E-RGCH) transmit timing requires 1 additional HARQ process compared with 1-slot resolution case

- With 10 ms TTI, the required number of HARQ processes is same in most cases between 3-slot resolution and 1-slot resolution of E-HICH (E-RGCH) transmit timing.

- With 10 ms TTI, 10 ms length signaling of E-HICH (E-RGCH) requires 1 additional HARQ process compared with 2ms length signaling in most cases.

- With 10 ms TTI, 2ms length signaling of E-HICH (E-RGCH) with time multiplexing can save the downlink OVSF code resource while it requires 1 additional HARQ process (or the same number of HARQ processes) compared with 2 ms signaling (or 10 ms signaling) withoug time multiplexing.

In case of 10 ms TTI, we propose to enable the time multiplexing of E-HICH(E-RGCH) for different UEs into the same orthogonal sequence. To enable this feature, the followings are required.

- Enable 2 ms signaling length of E-HICH (E-RGCH), which can be optional or the only one signaling length for 10 ms TTI.

- Enable 3-slot resolution timing alignment of E-HICH (E-RGCH) for different UEs, which may be only one allowed resolution or can be included in 1-slot resolution inherently.

- Enable different timing relationships between E-DCH transmission and E-HICH reception for different UEs.
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Fig 1. Example of 2 ms TTI, 1-slot resolution alignment of E-HICH/E-RGCH
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Fig 2. Example of 2 ms TTI, 3-slot resolution alignment of E-HICH/E-RGCH
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Fig 3. Example of 10ms TTI, 1-slot resolution alignment of 2 ms length E-HICH/E-RGCH
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Fig 4. Example of 10ms TTI, 1-slot resolution alignment of 10 ms length E-HICH/E-RGCH
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Fig 5. Example of 10ms TTI, 2 ms length E-HICH/E-RGCH with time multiplexing
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						3		3		3		14		4				24		36

						3		3		3		15		4				25		37

						3		3		3		16		4				26		38

						3		3		3		17		4				27		39

						3		3		3		18		4				28		40

						3		3		3		19		4				29		41

						3		3		3		20		4				30		42





2ms TTI

		

				2 ms TTI (Ttti=3, Tpd=0.5)

				1-slot resolution		Thi		Td_hi_max		Td_ns_max		Td_ag_max		Tnb+Tue		# of HARQ processes				Tpd+Tnb+Td_hi_max+Trg+Td_ns_max+Tpd+Tue		Tpd+Tnb+Td_ag_max+Tag+Tpd+Tue

						3		1		1		3		10		7				16		17

						3		1		1		3		11		7				17		18

						3		1		1		3		12		8				18		19

						3		1		1		3		13		8				19		20

						3		1		1		3		14		8				20		21

						3		1		1		3		15		9				21		22

						3		1		1		3		16		9				22		23

						3		1		1		3		17		9				23		24

						3		1		1		3		18		10				24		25

						3		1		1		3		19		10				25		26

						3		1		1		3		20		10				26		27

				3-slot resolution		3		3		3		3		10		8				20		17

						3		3		3		3		11		8				21		18

						3		3		3		3		12		9				22		19

						3		3		3		3		13		9				23		20

						3		3		3		3		14		9				24		21

						3		3		3		3		15		10				25		22

						3		3		3		3		16		10				26		23

						3		3		3		3		17		10				27		24

						3		3		3		3		18		11				28		25

						3		3		3		3		19		11				29		26

						3		3		3		3		20		11				30		27
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10ms TTI

		

				10 ms TTI (Ttti=15, Tpd=0.5)

						Thi		Td_hi_max		Td_ns_max		Tnb+Tue, required		# of HARQ processes				Tpd+Tnb+Td_hi_max+Trg+Td_ns_max+Tpd+Tue		Tpd+Tnb+Td_hi_max+5*Trg+Td_ns_max+Tpd+Tue

				2ms HI signaling,
1-slot resolution		3		1		1		10		3				16		28

						3		1		1		11		3				17		29

						3		1		1		12		3				18		30

						3		1		1		13		3				19		31

						3		1		1		14		3				20		32

						3		1		1		15		3				21		33

						3		1		1		16		3				22		34

						3		1		1		17		3				23		35

						3		1		1		18		3				24		36

						3		1		1		19		3				25		37

						3		1		1		20		3				26		38

				2ms HI signaling,
3-slot resolution		3		3		3		10		3				20		32

						3		3		3		11		3				21		33

						3		3		3		12		3				22		34

						3		3		3		13		3				23		35

						3		3		3		14		3				24		36

						3		3		3		15		3				25		37

						3		3		3		16		3				26		38

						3		3		3		17		3				27		39

						3		3		3		18		3				28		40

						3		3		3		19		3				29		41

						3		3		3		20		3				30		42

						Thi		Td_hi_max		Td_ns_max		Tnb+Tue, required		# of HARQ processes				Tpd+Tnb+Td_hi_max+Trg+Td_ns_max+Tpd+Tue		Tpd+Tnb+Td_hi_max+5*Trg+Td_ns_max+Tpd+Tue

				10ms HI signaling,
1-slot resolution		15		1		1		10		3				28		88

						15		1		1		11		3				29		89

						15		1		1		12		3				30		90

						15		1		1		13		4				31		91

						15		1		1		14		4				32		92

						15		1		1		15		4				33		93

						15		1		1		16		4				34		94

						15		1		1		17		4				35		95

						15		1		1		18		4				36		96

						15		1		1		19		4				37		97

						15		1		1		20		4				38		98

				10ms HI signaling,
3-slot resolution		15		3		3		10		4				32		92

						15		3		3		11		4				33		93

						15		3		3		12		4				34		94

						15		3		3		13		4				35		95

						15		3		3		14		4				36		96

						15		3		3		15		4				37		97

						15		3		3		16		4				38		98

						15		3		3		17		4				39		99

						15		3		3		18		4				40		100

						15		3		3		19		4				41		101

						15		3		3		20		4				42		102

				2ms HI signaling,
3-slot resolution with TDM		3		3		3		10		4				20		32

						3		3		3		11		4				21		33

						3		3		3		12		4				22		34

						3		3		3		13		4				23		35

						3		3		3		14		4				24		36

						3		3		3		15		4				25		37

						3		3		3		16		4				26		38

						3		3		3		17		4				27		39

						3		3		3		18		4				28		40

						3		3		3		19		4				29		41

						3		3		3		20		4				30		42





2ms TTI

		

				2 ms TTI (Ttti=3, Tpd=0.5)

				1-slot resolution		Thi		Td_hi_max		Td_ns_max		Td_ag_max		Tnb+Tue		# of HARQ processes				Tpd+Tnb+Td_hi_max+Trg+Td_ns_max+Tpd+Tue		Tpd+Tnb+Td_ag_max+Tag+Tpd+Tue

						3		1		1		3		10		7				16		17

						3		1		1		3		11		7				17		18

						3		1		1		3		12		8				18		19

						3		1		1		3		13		8				19		20

						3		1		1		3		14		8				20		21

						3		1		1		3		15		9				21		22

						3		1		1		3		16		9				22		23

						3		1		1		3		17		9				23		24

						3		1		1		3		18		10				24		25

						3		1		1		3		19		10				25		26

						3		1		1		3		20		10				26		27

				3-slot resolution		3		3		3		3		10		8				20		17

						3		3		3		3		11		8				21		18

						3		3		3		3		12		9				22		19

						3		3		3		3		13		9				23		20

						3		3		3		3		14		9				24		21

						3		3		3		3		15		10				25		22

						3		3		3		3		16		10				26		23

						3		3		3		3		17		10				27		24

						3		3		3		3		18		11				28		25

						3		3		3		3		19		11				29		26

						3		3		3		3		20		11				30		27






