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1. Introduction 

In [1]-[4], HI signalling in TFCI field by using the hard split mode TFCI operation was discussed for the case that UE is provided with the dedicated service such as voice as well as HSDPA. 

During the HSDPA ad hoc meeting in Sophia Antipolis, it was discussed that HI signalling by puncturing of DPDCH field looks to be simple. DPDCH puncturing may cause the performance loss. However, DPDCH puncturing seems to be a good solution in the case that hard split mode TFCI operation cannot be employed for HI transmission. There were also comments that positioning HI in TFCI field may cause the problem in transmission of TFCI for DCH in case of compressed mode. 

In this contribution, we discuss the cases that HI can be placed in TFCI field to avoid the performance loss due to DPDCH puncturing. And, we also clarify that there is no problem regarding HI transmission in TFCI field in case of compressed mode.

2. Proposed Method for HI Transmission in TFCI Field
2.1. HI transmission in TFCI field

In the current split mode TFCI operation, 5 information bits are reserved for associated DPCH and 5 bits for DSCH, per each 10ms frame. The current TFCI mapping in split mode is as follows. The TFCI is encoded using a (16, 5) bi-orthogonal (or first order Reed-Muller) code. The coding procedure is as shown in figure 1.
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Figure 1: Channel coding of split mode TFCI information bits.

It could be defined that HS-DSCH and DSCH are not transmitted at the same time, so that if HS-DSCH is transmitted, half of the TFCI field bits could be given for transmitting HI. 

It is proposed that if HS-DSCH is configured to be transmitted to the UE during the connection, then HI is transmitted in the TFCI field in every 3rd slot. TFCI code word for DPCH is mapped to those slots where HI is not transmitted. The proposed method is illustrated in Figure 2.

If SF > 64 and compressed mode is not activated, the number of TFCI field bits in one slot is two. In that case, 2-bit HI can be transmitted by one QPSK symbol. If the number of TFCI field bits > 2, 2-bit HI can be repeated.
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(a) HI transmission in TFCI field.
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(b) Slot format variation for HI transmission.

Figure 2: Proposed HI transmission in TFCI field.

2.2. Allocation of DCH TFCI code word bits

2.2.1. Normal mode (compressed mode is not activated)

If compressed mode is not activated, it is obvious that there is no problem in carrying DCH TFCI code word bits in the slots where HI is not transmitted by utilizing the rule as follows: 

· If HI reserves the TFCI field of slot #n, then the DCH TFCI code word bits of slot #n are transmitted in the DSCH TFCI field of slot #m of the same frame, where m = (n+1) mod 15.

2.2.2. Compressed mode

Some questions can be raised in the case of downlink compressed mode. 

For downlink compressed mode, the slot format is changed so that no TFCI code word bits are lost as can be seen in the text of Annex 2 that is copied from TS 25.212. 

It is noted that the maximum transmission gap in one 10ms frame is 7 slots. The only problem of the rule in section 2.2.1 with the compressed mode is the case that the slot #m calculated by the rule in section 2.2.1 is in the transmission gap.

To solve this problem, we consider the following two points.

· If hard split mode is used, then only DCH TFCI code word bits will be transmitted in TFCI field. That is, only half of TFCI field bits will be transmitted.

· In the proposed method, HI only reserves the TFCI field of one slot among three slots. Hence, it is possible to allocate the DCH TFCI code word bits in the DSCH TFCI fields of both of the other two slots.

During the compressed mode, the DCH TFCI code word bits can be reallocated based on the above two observations as follows:

· If HI reserves the TFCI field of slot #n, new slot #m is calculated as m = (n+1) mod 15. 

· If slot #m does not fall into transmission gap, then the DCH TFCI code word bits of slot #n are transmitted in the DSCH TFCI field of slot #m of the same frame.  

· If slot #m falls into transmission gap, then the DCH TFCI code word bits of slot #n are transmitted in the DSCH TFCI field of slot #k of the same frame, where k = (n-1) mod 15.

It can be concluded that HI transmission in TFCI field has no problem with compressed mode. 

3. HI placement according to UE position

3.1.  UE is not in hadover region

If UE is not in handover region, UE receives the signal only from the serving Rel-5 cell. Hence, a new slot format can be defined for HI signalling. 

In this case, there is no reason to use DPDCH puncturing which may result in performance loss. So, we propose to place HI in TFCI field. It should be noted that Rel-5 Node Bs and UEs could implement the hard split mode TFCI operation for signalling of HI in TFCI field. 

3.2.  UE is in handover region

Figure 3 shows an example situation that UE is in soft handover region. 
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Figure 3: Example situation that UE is in the soft handover region.

In the following, two possible cases are described.

Case 1: All the active cells support hard split mode TFCI operation

If all the active cells support hard split mode TFCI operation, the proposed HI transmission method naturally can be used. Non-best cells transmit no bits in DSCH TFCI field. Although DCH TFCI bits can be carried in different positions, Rel-5 UEs can get advantage of radio link combination without significant increase of complexity, because the UE exactly knows operation of the best and non-best cells.

Case 2: All the active cells do not support hard split mode TFCI operation

In this case, HI cannot be placed in TFCI field and DPDCH puncturing can be a simple and good solution for HI transmission. 

When UE moves into the region having the possibility that active set may include a cell not supporting the hard split mode, then HI transmission method can be reconfigured by using the higher layer signalling. 

4. Conclusion

We propose to place HI in TFCI field if all the active cells support hard split mode TFCI operation. DPDCH puncturing can be a solution if this is not the case. However, the following points should be considered.

· When DCH is transmitted on the DL DPCH associated with HS-PDSCH, 5-bit TFCI information will be enough for informing the TFC for DCH.

· DPDCH puncturing can be a solution in the region that Rel-99/Rel-4 Node Bs co-exist with Rel-5 Node Bs.

· However, in the world there are only Rel-5 Node Bs, there is no reason to use DPDCH puncturing for HI transmission. In that situation, it seems to be natural to place HI in TFCI field.

It is proposed to include the attached text proposal in TR 25.858.
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ANNEX 1. Text proposal for TR 25.858

-----------------------------------Start of text proposal for TR 25.858 v0.0.4 section 5.4.1--------------------------------------- 

5.4.1 Channel Coding for Control Channels 

Defined in Section 9.1 and 9.2.

Mapping of TFCI code word in hard split mode operation is changed in case of HI transmission in TFCI field. 
Figure 1 shows channel coding of TFCI information bits in hard split mode operation, which is copied from TS25.212:
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Figure 1. Channel coding of TFCI information bits in hard split mode operation.

If it is configured that HI can be transmitted to the UE in TFCI field during the connection, then mapping of TFCI code word bits is as follows: 

· The coded bits bk of the first TFCI code word, b0, b2 … b30, informing the TFC for DCHs sent on associated DPCH are mapped to those TFCI fields in the slots of the frame which do not start within the time period which occurs in parallel with the first slot of SHCCH as follows: 
· The TFCI code word bits for DCHs that were mapped in Rel-99 to the TFCI field in the slot carrying HI are mapped to the TFCI field in one of the slots of the frame which do not start within the time period which occurs in parallel with the first slot of SHCCH.
· The TFCI code word bits for DCHs that were mapped in Rel-99 to the TFCI fields in the slots other than the slot carrying HI are mapped to the TFCI field in the same way as Rel-99.
· The coded bits bk of the other TFCI code word in split mode b1, b3 … b31, are not transmitted.
· The remaining TFCI fields in the frame which do not contain either HI or TFCI code word bits for DCHs are DTXed.
-----------------------------------End of text proposal for TR 25.858 v0.0.4 section 5.4.1---------------------------------------
-----------------------------------Start of text proposal for TR 25.858 v0.0.4 section 8.1.2--------------------------------------- 
Downlink DPCH

If a downlink DPCH is present, it carries an HS-DSCH Indicator (HI), in addition to non-HS-DSCH-related physical-layer signalling and DCH transport channels. The HI consists of two information bits that indicate the Shared Control Channel that carries the HS-DSCH-related signalling for the corresponding UE. The HI can be transmitted in the TFCI field or in the DPDCH field (puncturing of DPDCH field bits for HI transmission) in every third slot. If the TFCI field contains more than 2 bits, the HI bits are repeated to fill the whole TFCI field. If no Shared Control Channel carries HS-DSCH-related signalling to the UE, the HI is not transmitted (DTX). As an example, if the HI is transmitted as one QPSK symbol, the possible signalling points are as in Figure 4.
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Figure 4. Example of coding of HI. 
Pi indicates Shared Control Channel #i (i ({1, 2, 3, 4}). P0 indicates that no Shared Control Channel 
carries HS-DSCH-related signalling information to the UE. 

-----------------------------------End of text proposal for TR 25.858 v0.0.4 section 8.1.2--------------------------------------- 

ANNEX 2.
TFCI code word transmission method of Rel-99 in downlink compressed mode 
--------------------------- Copied from TS 25.212 v4.2.0 ------------------------- 

4.3.5.2.2
Downlink compressed mode

For downlink compressed mode, the slot format is changed so that no TFCI coded bits are lost. The different slot formats in compressed mode do not match the exact number of TFCI bits for all possible TGLs. DTX is therefore used if the number of bits available in the TFCI fields in one compressed frame exceeds the number of TFCI bits given from the slot format. The block of bits in the TFCI fields where DTX is used starts on the first TFCI field after the transmission gap. If there are more bits available in the TFCI fields before the transmission gap than TFCI bits, DTX is also used on the bits in the last TFCI fields before the transmission gap.

Denote the number of bits available in the TFCI fields of one compressed radio frame by D and the number of bits in the TFCI field in a slot by NTFCI. The parameter E is used to determine the position of the first bit in the TFCI field on which DTX is used.

E = Nfirst NTFCI, if the start of the transmission gap is allocated to the current frame.

E = 0, if the start of the transmission gap is allocated to the previous frame and the end of the transmission gap is allocated to the current frame.

Denote the total number of TFCI bits to be transmitted by F. F = 32 for slot formats nA or nB, where n = 0, 1, …, 11 (see table 11 in [2]). Otherwise, F = 128. The TFCI coded bits bk are mapped to the bits in the TFCI fields dk. The following relations define the mapping for each compressed frame.

If E > 0,

dk = bk mod 32
where k = 0, 1, 2, …, min (E, F)-1.

If E < F,

dk+D-F  = bk mod 32
where k = E, ..., F -1.

DTX is used on dk where k = min (E, F), ..., min (E, F) +D - F -1.

------------------------------------------------------------------------------------------- 
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