3GPP TSG-RAN WG1 #21

          Tdoc R1-01-0872
Turin, Italy, August 27 - 31, 2001

Agenda item:


6.3 DL signalling principles and details
Source:




Samsung Electronics
Title: 




Downlink Signalling of HS-DSCH Indicator

Document for:
Discussion and Decision

Introduction

During the Rel-5 ad hoc meeting in Espoo, there were several contributions on downlink channel structure for HSDPA [1]-[3]. In [3], we have addressed how to send HS-DSCH indicator (HI) in the associated DL DPCH. In this contribution, our proposal is summarized and discussed in more detail.

HS-DSCH-Related Downlink Signalling

The currently identified HS-DSCH-related downlink signallings are as follows [4]-[6]:

· Explicit UE identification or UE-specific CRC.

· Code-allocation information.

· Modulation and coding scheme (MCS) used for HS-DSCH transmission in a TTI.
· Hybrid ARQ-related information.
· HS-PDSCH power offset. But, it may not need to be transmitted in every TTI.

· Perhaps power offset for uplink ACK/NACK signalling.

Several downlink channel structures to carry the information described above were compared in [2] and can be classified as follows:

· One-step approach: All of the downlink signalling information is transmitted using the shared control channels (SHCCH).

· Two-step approach: HS-DSCH indicator (HI), which informs UE to read the SHCCHs, is carried on the associated downlink DPCH. The other signalling information is carried on the SHCCHs.

In the UE point of view, UE battery life is one of the most important factors. Regarding UE power consumption, two-step approach has benefit over one-step approach, since de-spreading/buffering of SHCCHs is done only when HI indicates the existence of HS-DSCH data. So, we propose to employ two-step approach for DL signalling. It is noted that HI means on/off signal in this contribution, i.e., HI = 1 indicates UE to read the SHCCHs and HI = 0 indicates UE has no HSDPA data to read.

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 this contribution, we discuss the DL DPCH structure to carry HI by slightly modifying the currently existing slot format.

Proposed DL DPCH Slot Format for Transmission of HI

Fig. 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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Fig. 1. Example situation that UE is in the soft handover region

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 Fig. 2.
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Fig. 2. DL DPCH slot format in (hard) split mode TFCI operation

If the best cell transmits data on DL DPCH with Rel-99 slot format and 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 could be used for transmission of HI. A structure of the associated DL DPCH based on this observation is shown in Fig. 3. The same slot format can also be used for Rel-99 cells and for Rel-5 cells other than the best cell with split mode operation of TFCI. Then, only half of the TFCI field bits will be transmitted from those cells, since they have no DSCH data to transmit. By using the slot formats shown in Fig. 3, UE can get radio link combination gain in recovering the data carried on the DL DPCHs, since the two slot formats are very similar to each other. An example bit allocations for the slot format in Fig. 3 is shown in Table 1, which are slightly modified based on the Rel-99 slot format.
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Fig. 3. Use of split mode operation of TFCI for the associated DL DPCH

Table 1. Example bit allocations for the slot format shown in Fig. 3

(a) Rel-99 cells and non-best Rel-5 cells

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





NData1
NData2
NTPC
NTFCI_DCH
NTFCI_DSCH
NPilot


15
7.5
512
10
0
2
2
1
1 (DTX)
4
DL slot format #1 in Rel-99

30
15
256
20
2
10
2
1
1 (DTX)
4
DL slot format #5 in Rel-99

60
30
128
40
6
22
2
1
1 (DTX)
8
DL slot format #11 in Rel-99

120
60
64
80
12
48
4
4
4 (DTX)
8
DL slot format #12 in Rel-99

(b) Best Rel-5 cell

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





NData1
NData2
NTPC
NTFCI_DCH
HI
NPilot


15
7.5
512
10
0
2
2
1
1
4
Modified based on DL slot format #1 in Rel-99

30
15
256
20
2
10
2
1
1
4
Modified based on DL Slot format #5 in Rel-99

60
30
128
40
6
22
2
1
1
8
Modified based on DL slot format #11 in Rel-99

120
60
64
80
12
48
4
4
4
8
Modified based on DL slot format #12 in Rel-99

Currently, there seems to be a consensus that HI will be transmitted within one time slot to ensure enough processing time for UE [1,2]. If this is the case and SF of the DL DPCH is greater than 64, then the HI transmission using the (hard) split mode TFCI operation may not be sufficiently reliable, since the number of TFCI field bits equals two in Rel-99. The solution to this problem can be as follows:

· Power for HI is increased to improve the reliability.

· More than one bit is allocated for HI field and HI bit is repeated. Power for HI also can be increased to further improve the reliability.

For the second solution, part of the other fields should be used for HI transmission and pilot field seems to be the most appropriate field for this purpose. An example of the second solution is shown in Fig. 4 and Table 2, in which part of the pilot field is used for carrying HI.
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Fig. 4. Slot format to allocate more than 1 bit for HI when SF is greater than 64

Table 2. Example bit allocations for the slot format shown in Fig. 4

(a) Rel-99 cell and non-best Rel-5 cell

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





NData1
NData2
NTPC
NTFCI_DCH
NTFCI_DSCH
NPilot


15
7.5
512
10
0
2
2
1
1 (DTX)
4
DL slot format #1 in Rel-99

30
15
256
20
2
10
2
1
1 (DTX)
4
DL Slot format #5 in Rel-99

60
30
128
40
6
22
2
1
1 (DTX)
8
DL slot format #11 in Rel-99

(b) Best Rel-5 cell

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





NData1
NData2
NTPC
NTFCI_DCH
HI
NPilot


15
7.5
512
10
0
2
2
1
3
2
Modified based on DL slot format #1 in Rel-99

30
15
256
20
2
10
2
1
3
2
Modified based on DL Slot format #5 in Rel-99

60
30
128
40
6
22
2
1
3
6
Modified based on DL slot format #11 in Rel-99

Conclusion

We propose to employ two-step approach for DL signalling, since two-step DL signalling has advantage of UE power saving, which is one of the most important factors in the UE point of view. 

In this contribution, for efficient code usage, we propose 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, the proposed methods are based on the (hard) split mode TFCI operation as follows:

· HI is transmitted in the half of TFCI field that is allocated for DSCH in Rel-99. 

· Part of the pilot field as well as DSCH TFCI field is employed to carry HI.

In both methods, power for HI can be increased to improve the reliability.


The proposed HI transmission methods can be the starting point for discussion on how to implement two-step DL signalling. So, we propose to include the proposed HI transmission methods in the TR 25.858 and to continue discussion on our proposal.
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