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1. Introduction
TS 25.212 v7.6.0 subclause 4.9.3 specifies that the bits for signaling the E-TFCI, the RSN and the happy bit are multiplexed to E-DPCCH according to the table below.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	happy bit
	RSN,2
	RSN,1
	TFCI,7
	TFCI,6
	TFCI,5
	TFCI,4
	TFCI,3
	TFCI,2
	TFCI,1


These 10 information bits are then coded up to 30 encoded bits according to Table 8 of [1] (repeated below). Note that the last two rows in Table 8 of [1] are not used for E-DPCCH coding. Thus, we only show the first 30 rows in the table below. Also, in the table below, (H.B.) represents the happy bit, (R,i) represents the ith RSN bit, and (T,i) represents the ith bit of E-TFCI.

	i
	H.B.
	R,2
	R,1
	T,7
	T,6
	T,5
	T,4
	T,3
	T,2
	T,1

	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0

	1
	0
	1
	0
	0
	0
	1
	1
	0
	0
	0

	2
	1
	1
	0
	0
	0
	1
	0
	0
	0
	1

	3
	0
	0
	1
	0
	0
	1
	1
	0
	1
	1

	4
	1
	0
	1
	0
	0
	1
	0
	0
	0
	1

	5
	0
	1
	1
	0
	0
	1
	0
	0
	1
	0

	6
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0

	7
	0
	0
	0
	1
	0
	1
	0
	1
	1
	0

	8
	1
	0
	0
	1
	0
	1
	1
	1
	1
	0

	9
	0
	1
	0
	1
	0
	1
	1
	0
	1
	1

	10
	1
	1
	0
	1
	0
	1
	0
	0
	1
	1

	11
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0

	12
	1
	0
	1
	1
	0
	1
	0
	1
	0
	1

	13
	0
	1
	1
	1
	0
	1
	1
	0
	0
	1

	14
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1

	15
	1
	0
	0
	0
	1
	1
	1
	1
	0
	0

	16
	0
	1
	0
	0
	1
	1
	1
	1
	0
	1

	17
	1
	1
	0
	0
	1
	1
	1
	0
	1
	0

	18
	0
	0
	1
	0
	1
	1
	0
	1
	1
	1

	19
	1
	0
	1
	0
	1
	1
	0
	1
	0
	1

	20
	0
	1
	1
	0
	1
	1
	0
	0
	1
	1

	21
	1
	1
	1
	0
	1
	1
	0
	1
	1
	1

	22
	0
	0
	0
	1
	1
	1
	0
	1
	0
	0

	23
	1
	0
	0
	1
	1
	1
	1
	1
	0
	1

	24
	0
	1
	0
	1
	1
	1
	1
	0
	1
	0

	25
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1

	26
	0
	0
	1
	1
	1
	1
	0
	0
	1
	0

	27
	1
	0
	1
	1
	1
	1
	1
	1
	0
	0

	28
	0
	1
	1
	1
	1
	1
	1
	1
	1
	0

	29
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1


According to Release 7, E-DPCCH can be boosted to facilitate channel estimation. In such a case, the information bits carried by E-DPCCH could be detected without much coding. In particular, it may be advantageous to detect E-TFCI as early as possible in order to minimize the delays in the receiver. This contribution is to propose a simple modification to section 4.9.3 of TS 25.212 to facilitate early E-TFCI detection.
2. Problem with existing scheme
The problem with existing scheme is that the first 15 encoded bits of E-DPCCH does not contain information about the (T,6) bit. This means that E-TFCI can not be detected until receiving 1.6 slot of  E-DPCCH. Even after 1.6 slot, the encoded bits do not have a good protection on the (T,6) bit. This problem can be illustrated by the plots below showing the bit error rate (BER) performance versus E-DPCCH information bit position. Here each curve represents one SNR point, and the SNRs plotted are -5 dB, -4 dB, …, 10 dB in terms of Ecb/No, where Ecb is the energy per coded bit. Figure 1 shows that if E-TFCI is detected after one slot, the BER of the 5th information bit is 50%, as no encoded bits up to this point carries this information. Among the other information bits, some bits have lower BERs than others. Figure 2 shows that after receiving E-DPCCH for 1.6 slot, the performance of (T,6) is still relatively poor compared to the others, as that information bit is only carried by one encoded bit.
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Figure 1: BER performance for the 10 information bits carried by E-DPCCH (detected after one slot)
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Figure 2: BER performance for the 10 information bits carried by E-DPCCH (detected after 1.6 slots)
3. Proposal

Thus, to facilitate early E-TFCI detection in the boosted E-DPCCH mode, we propose that the bit positions having low BERs after 1.6 slots are used for carrying E-TFCI bit. Thus, a new multiplexing scheme is shown in the table below.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	TFCI,5
	TFCI,6
	TFCI,7
	RSN,2
	RSN,1
	H.B
	TFCI,4
	TFCI,3
	TFCI,2
	TFCI,1


The performance of the proposed scheme and existing scheme after 1 slot and 1.6 slots is shown in Figure 3. We also show the raw BER of E-DPCCH as points of reference. As seen with the existing scheme, the message error rate after 1 slot is bounded by 50%. With the proposed scheme, E-TFCI message error rate is close to the raw BER of E-DPCCH provided the raw BER of E-DPCCH is low, which may be a requirement for the boosted E-DPCCH mode as in this case E-DPCCH is used also for channel estimation. Figure 3 also shows performance of the existing scheme after 3 slots.
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Figure 3: Early E-TFCI detection performance comparing the existing scheme and proposed scheme
4. Conclusion

In this contribution we have pointed out a problem with the existing E-DPCCH information mapping that prevents detection of the E-TFCI early on in the subframe. We presented a modified mapping of the information to avoid this problem without any changes to the coding scheme.
We propose to specify that this new information mapping should be used when the UE is configured in boosted E-DPCCH mode (i.e. it is configured with E-TFCIec,boost < 127). This change would be backwards compatible and not have any impact on higher layer specifications. We do not foresee any impact on RAN4 specifications.

If RAN1 agrees to this proposal, we will provide the needed Rel-7 CR on TS 25.212.







































