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1. Introduction 

Consider the situation that UE receives voice and/or higher layer signalling data on DL DPCH as well as HSDPA data on HS-PDSCH. To transmit HI in this situation, two options will be possible.

· Option 1: HI is carried on the additional DL code channel. However, this solution will result in too much waste of code resource. 

· Option 2: HI is carried on the same code channel as the voice (and higher layer signalling) data. This solution does not cause waste of code resource. It will be needed to modify the currently existing DL DPCH slot format.

Comparing the two options, option 2 is preferred, since DL code resource utilization is one of the most important factors. 

In [1,2], we have discussed the DL DPCH structure to carry HI by slightly modifying the currently existing slot format. In this contribution, our proposal is summarized and discussed in more detail.

2. Proposed DL DPCH Slot Formats for Transmission of HI

Figure 1 shows an example situation that UE is in the soft handover region, where both Rel-5 and Rel-99 cells are active and UE receives the HSDPA data from one of the Rel-5 cells, i.e., from the best cell. Also, voice and/or higher layer signalling data is carried on the DL DPCH from each cell. If the DL DPCHs of the Rel-99 and the non-best Rel-5 cells completely differ from the DL DPCH of the best cell, e.g., the numbers of DPDCH bits are different, then UE may not be able to get radio link combination gain in recovering the DPDCH data. It is noted that this problem may also occur even when all the active cells are Rel-5 cells, since only the best cell may use different slot format to transmit HI. To prevent the loss of radio link combination gain, the slot format of the DL DPCH carrying HI from the best cell should be designed to have the similarity with that of DL DPCHs from other cells as much as possible.
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Figure 1. Example situation that UE is in the soft handover region.

We consider two methods for transmission of HI without sacrificing data field bits.

2.1.  Method 1: Use of pilot field for transmission of HI

In [1,2], we have proposed a HI transmission method based on hard split mode TFCI operation. Regarding our proposal, there were comments that not all Node Bs will implement the hard split mode TFCI operation. We think those comments are reasonable and also think that a solution should be developed for that situation. If TFCI field cannot be used for HI transmission, then only pilot field can be used for HI transmission because of the following reasons.

· TPC field shall be preserved for reliable closed loop power control. 

· DPDCH field shall be preserved for simple symbol-level soft combining at UE receiver side.

In this method, part of pilot field in the Rel-99 slot format is used to carry HI. This naturally results in reduction of the number of pilot bits. To utilize as many pilot bits as possible at UE receiver side, we propose to define HI field (blue color in Figure 2) only in the slot that appears first after start of corresponding SHCCH TTI as shown in Figure 2, considering the timing relation between DL DPCH and SHCCH. In the other two DPCH slots, HI field is not defined (see grey color in Figure 2). HI field is not transmitted (DTX) if SHCCH carries no signalling data related to HS-DSCH (see HI field with red color).
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Figure 2. Slot format variation of method 1 according to the timing relation between DL DPCH and SHCCH.

Figure 3 shows the slot formats for Rel-99 and Rel-5 cells when UE is in soft handover region as in Figure 1. Part of pilot field is used to carry HI in the slot that HI field is defined. Table 1 shows example bit allocations, which are slightly modified based on the Rel-99 slot format. For example, if slot format #11 in Table 1 is used by Rel-99 cells and non-best Rel-5 cells, then order of slot format number transmitted from the best Rel-5 cell will be as follows (this pattern is also illustrated in Figure 2): ···, #11, #11H, #11, #11, #11H, #11, #11, ···.

Advantage

· Rel-99/Rel-4 Node B does not need to support slot formats other than that needed for Rel-99/Rel-4 DPCH operation only.

Disadvantage

· Slight reduction in the number of pilot bits. However, this problem will not be significant, since only two pilot bits will not be available among the pilot bits in three slots.
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(a) Rel-99 cell and non-best Rel-5 cell.
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(b) Best Rel-5 cell.

Figure 3. Slot format for HI transmission using part of pilot field.

Table 1. Example bit allocations for the slot format of method 1.

(a) Rel-99 cell slot format and Rel-5 cell slot format for the slot that HI field is not defined.

Slot

Format

#i
Channel Bit Rate (kbps)
Channel Symbol Rate (ksps)
SF
Bits/ Slot
DPDCH Bits/Slot
DPCCH
Bits/Slot






NData1
NData2
NTPC
NTFCI
NPilot

1
15
7.5
512
10
0
2
2
2
4

5
30
15
256
20
2
10
2
2
4

11
60
30
128
40
6
22
2
2
8

12
120
60
64
80
12
48
4
8
8

(b) Rel-5 cell slot format for the slot that HI field is defined.

Slot

Format

#i
Channel Bit Rate (kbps)
Channel Symbol Rate (ksps)
SF
Bits/ Slot
DPDCH Bits/Slot
DPCCH
Bits/Slot






NData1
NData2
NTPC
NTFCI
NHI
NPilot

1H
15
7.5
512
10
0
2
2
2
2
2

5H
30
15
256
20
2
10
2
2
2
2

11H
60
30
128
40
6
22
2
2
2
6

12H
120
60
64
80
12
48
4
8
2
6

2.2.  Method 2: Use of hard split mode TFCI operation for transmission of HI
Current specifications define the hard split mode TFCI operation so that encoded TFCI code word for DSCH may not be transmitted from every cell. In the split mode TFCI operation, TFCI field is split between DCH and DSCH in each time slot as shown in Figure 4.
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Figure 4. DL DPCH slot format in hard split mode TFCI operation

It is noted that activation of split mode TFCI operation does not depend on whether DSCH service is activated or not, if Node B has the capability of hard split mode TFCI operation. Considering this fact, if the best cell transmits data on DL DPCH with Rel-99 slot format and hard split mode is employed, then half of TFCI field in each slot will not carry any bit, since TF information for HS-DSCH will be transmitted on SHCCH. This unused part of TFCI field as well as part of pilot field can be jointly used to improve the reliability of HI transmission. It is noted that this method for HI transmission can be used only if all the cells in the active set support hard split mode TFCI operation.

In [3], Nokia proposed to use entire TFCI field for HI transmission in the slot transmitting HI and proposed to carry TFCI_DCH in one of the other two slots among three slots corresponding to one SHCCH TTI. This proposal improves the efficiency of TFCI field bit utilization. By also adopting Nokia’s proposal, two cases will be possible, regarding the number of bits available for HI transmission.

· Option 1: When SF > 64, i.e., the number of TFCI field bits in one slot equals two, two bits borrowed from pilot field can improve reliability of HI transmission. Then, 

Number of bits for HI transmission = 2 bits of TFCI field + 2 bits borrowed from pilot field.

· Option 2: When SF ( 64, i.e., the number of TFCI field bits in one slot is greater than two, use of only TFCI field bits will be enough for reliable transmission of HI. Then, 

Number of bits for HI transmission = 8 bits of TFCI field.

In case of option 2, Nokia’s proposal can be utilized with (8,2) block-coding of HI. 

In the followings, we develop a solution for option 1.

A structure of the associated DL DPCH based on this observation is shown in Figure 5. Split mode TFCI operation is activated in Rel-99 and non-best Rel-5 cells in the active set, then only half of the TFCI field bits will be transmitted from those cells, since they have no DSCH data to transmit, as shown in Figure 5-(a). 

In Figure 5-(b), three DL DPCH slots corresponding to one SHCCH TTI are numbered according to the timing relation between DL DPCH and SHCCH. Figure 5-(c) depicts the slot format for each of three DL DPCH slots corresponding to one SHCCH according to its relative timing. As mentioned in section 2.1, HI needs to be transmitted only in the first DPCH slot after start of SHCCH. Therefore, only slot 0 needs to have fields for HI transmission. For HI transmission, there are two fields HI1 and HI2/Pilot in the slot format for slot 0. If SHCCH carries no signalling data to UE, HI1 field in slot 0 will not be transmitted (DTX) as shown in Figure 5-(b). Existence of signal in HI1 field can be the indication whether HI2/Pilot field in Figure 5-(c) carries HI information or not, as follows:

· If HI1 field is DTX, then HI2/Pilot field carries pilot bits.

· If HI1 field is not DTX, i.e., if HI1 field carries HI bits, then HI2/Pilot field also carries HI bits.

It is noted that mapping rule of TFCI code word for DCH is as proposed by Nokia in [3]: slot 1 carries 2 TFCI_DCH bits and slot 2 carries 1 TFCI_DCH bit.

Example bit allocations for the slot format in Figure 5 are shown in Table 2, which are slightly modified based on the Rel-99 slot format. In this method (Method 2-Option 1), four bits are used for HI transmission and hence, reliability of HI transmission can be improved by using (4,2) block-code. For example, if slot format #11 in Table 2 is used by Rel-99 cells and non-best Rel-5 cells with hard split mode TFCI operation, then order of slot format number transmitted from the best Rel-5 cell will be as follows (this pattern is also illustrated in Figure 5-(b)): ···, #11HT1, #11HT0, #11HT1, #11HT1, #11HT0, #11HT1, #11HT1, ···.

Advantages

· Loss in number of pilot bits can be minimized: two pilot bits among the pilot bits in three slots cannot be used only when HI1 field in slot 0 is not DTX, i.e., only when HS-DSCH data is scheduled for the UE.

· Reliability of HI transmission can be improved by using (4,2) block code.

Disadvantages

· This method can be employed only when all the cells in the active set support hard split mode TFCI operation.
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(a) Slot format for Rel-99 cell and non-best Rel-5 cell.
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(b) DL DPCH slot number according to timing relation between DL DPCH and SHCCH
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(c) Slot formats for best Rel-5 cell according to the timing relation between DL DPCH and SHCCH.

Figure 5. Slot format for HI transmission using hard split mode TFCI operation when SF > 64.

Table 2. Example bit allocations for the slot format of method 2 when SF > 64.

(a) Slot format for Rel-99 cell and non-best Rel-5 cell.

Slot

Format

#i
Channel Bit Rate (kbps)
Channel Symbol Rate (ksps)
SF
Bits/ Slot
DPDCH Bits/Slot
DPCCH
Bits/Slot
Note






NData1
NData2
NTPC
NTFCI
NPilot


1
15
7.5
512
10
0
2
2
2
4
Same slot format # as Rel-99.

Rel-99 hard split mode TFCI operation assumed.

5
30
15
256
20
2
10
2
2
4


11
60
30
128
40
6
22
2
2
8


(b) Slot format for the best Rel-5 cell.

Slot

Format

#i
Channel Bit Rate (kbps)
Channel Symbol Rate (ksps)
SF
Bits/ Slot
DPDCH Bits/Slot
DPCCH
Bits/Slot
Note






NData1
NData2
NTPC
NTFCI
NHI1(*1)
NHI2/Pilot (*2)
NPilot


1HT0
15
7.5
512
10
0
2
2
N/A
2
2
2
Slot formats used for the slot of relative slot #0.

5HT0
30
15
256
20
2
10
2
N/A
2
2
2


11HT0
60
30
128
40
6
22
2
N/A
2
2
6


1HT1
15
7.5
512
10
0
2
2
2
N/A
N/A
4
Slot formats used for the slot of relative slot #1, #2. Modified hard split mode operation is assumed.

5HT1
30
15
256
20
2
10
2
2
N/A
N/A
4


11HT1
60
30
128
40
6
22
2
2
N/A
N/A
8


Note *1: HI1 field will be DTX when SHCCH carries no signalling data to UE.

Note *2: If HI1 field is not DTX, then HI2/Pilot field carries encoded HI bits. If HI1 field is DTX, then HI2/Pilot field carries the pilot bits. If HI2/Pilot field carries pilot bits, then pilot bit pattern in HI2/Pilot and Pilot fields are the same as the pilot pattern of the corresponding Rel-99 slot format.

3. Conclusion

In this contribution, for efficient code usage, we investigate the method for transmitting HI on the same code channel as voice and/or higher layer signalling data. To prevent the loss of radio link combination gain in recovering DPCH data especially when Rel-99 cells as well as Rel-5 cells are included in the active set, we propose the following two methods: 

· Method 1: HI is transmitted by using part of pilot field.

· Method 2: HI is transmitted by using the TFCI field as well as part of pilot field in order to improve reliability, based on hard split mode TFCI operation.

It should be noted that the proposed two methods are designed to minimize reduction in the number of pilot bits.

We propose to include the proposed HI transmission methods in TR 25.858.
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