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1 Introduction 
In RAN1#72 in St Julian’s, Malta, DCH enhancements was discussed. It was noted that the coexistence of the enhancements with HSPA should be considered.

The following emerged as initial list of enhancements to study when mapping voice service (AMR-family of codecs only) and SRB on DCH:

· Downlink

· DPCCH overhead optimization (reduction of pilot/TFCI overhead)

· DPDCH frame early termination

· DCCH handling with FET

· Uplink ACK modeling for FET

· Longer (16-bit) CRC

· Time multiplexing and lower spreading factor / higher order modulation for DPCH

· Reduced power control rate

· Soft handover optimization

· Node B DTX/UE DRX

· Uplink

· DPDCH frame early termination

· DCCH handling and FET

· Downlink ACK modeling for FET

· TFCI early transmission

· Uplink DPCCH slot format optimization

· Longer (16-bit) CRC

· DTCH/DCCH time compression (transmitting a TTI with a halved SF)/repetition

· Reduced power control rate

· UE DTX/Node B DRX

· Time multiplexing and lower uplink spreading factor / higher order modulation for DPDCH
This contribution presents the new Uplink DPCCH Frame/Slot Structure for Downlink Frame Early Termination and gives some key simulation results.
2 New Uplink DPCCH Frame/Slot Structure for Downlink Frame Early Termination
The scheme of downlink frame early termination (FET) is illustrated in Figure 1. The UE attempts to decode the CS voice packet carried via DPDCH before receiving the two entire radio frames which is the TTI length for voice service. If decoded successfully during any attempts the UE will indicate an ACK to the NodeB. The NodeB will then terminate the DPDCH transmission after receiving the ACK indication and will resume the DPDCH transmission in the next coming TTI. 
The DL FET scheme will help save the NodeB power consumption due to DTX data transmission upon ACK indication. The UE power consumption could also be saved thanks to DRX operation. Statistically the inter-channel interference is reduced thus improve the system capacity.
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Figure 1: Frame Early Termination in Downlink
To support the DL FET, a new mechanism for UE to feedback the ACK indication is to be investigated. One possible way is to introduce a new uplink DPCCH frame / slot structure. Different slot formats are to be considered for the first several slots and the remaining slots within a 20ms TTI. For example, a new uplink DPCCH frame structure is depicted in Figure 2. In this example, the TFCI information is transmitted in the first 7 slots while ACK/NACK indication is transmitted in the remaining slots of the TTI. 
Reduce the original TFCI bit number from 10 bits to 7 bits, considering that the realistic service uses 127 transport format combinations at most now; then change the TFCI coding from (32,10) to (20,7), keep the DPCCH spreading factor as SF256 and change the DPCCH slot format ‘Pilot, TFCI, FBI, TPC’ from [6 2 0 2] to [5 3 0 2], which means 5 bits for the pilot, the TFCI 3 bits, no FBI bit, the TPC 2bits of each slot. So it’s possible to transmit 21 bits encoded TFCI information in 7 slots. 
In the NodeB side, once collecting all the TFCI information, it will try to decode the uplink voice frame. And using the following few slots to feedback the result of uplink Frame Early Termination. 
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Figure 2: New uplink DPCCH frame structure with Frame Early Termination

The ACK/NACK encoding for the feedback of downlink Frame Early Termination is in Table 1.
Table 1: ACK/NACK encoding
	ACK bit pattern
	FET ACK/NACK indication

	111
	ACK

	000
	NACK


TFCI is coded using a (20, 7) code which is the same with the type B CQI of MIMO in [3]. The code words of the (20, 7) code are a linear combination of the basis sequences denoted Mi,n defined in the Table 2 for
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The TFCI information bits a0, a1, a2, a3, a4, a5, a6 (where a0 is LSB and a6 is MSB) 
The output code word bits bi are given by: 
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Where i = 0, …, 19.

Table 2: Basis sequences for (20, 7) TFCI code
	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Mi,10

	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	3
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	4
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	5
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	6
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1

	7
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1

	8
	1
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1

	9
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1
	1

	10
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1

	11
	1
	0
	1
	1
	0
	1
	0
	0
	0
	1
	0

	12
	1
	1
	0
	1
	1
	0
	1
	0
	0
	0
	0

	13
	1
	1
	1
	0
	1
	1
	0
	1
	0
	0
	0

	14
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	1

	15
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0

	16
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1

	17
	1
	0
	0
	0
	1
	1
	1
	0
	1
	1
	1

	18
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1
	0

	19
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1


The new uplink DPCCH frame / slot structure not only takes full advantage of the TFCI field of uplink DPCCH, do not need to add new channel for feedback the result of downlink Frame Early Termination and raise UE transmit power, but also reduces the attempt times of Node B early frame decoding and save the decoding resource.
3 Simulation

3.1 Performance of different Pilot numbers 

Figure 3 and Figure 4 show the UL DPDCH performance when the UL DPCCH channel uses different pilot numbers (4bit, 5bit, 6bit) in AWGN and PA3.
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Figure 3: Performance of different pilot bits (AWGN)
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Figure 4: Performance of different pilot bits (PA3)

We can see from Figure 3 there is no negative influence for DPDCH decoding performance when the UL DPCCH channel uses different pilot numbers (4bit, 5bit, 6bit) in AWGN. But when the UL DPCCH channel uses 4bit, the DPDCH decoding performance will reduce about 1dB from Figure 4. When the UL DPCCH channel uses 6bit or 5bit, the DPDCH decoding performance has little difference. So it’s a better choice for UL DPCCH using slot format ’0A’ in Table 3.
Table 3: DPCCH Slot Format
	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (kbps)
	SF
	Bits/

Frame
	Bits/

Slot
	Npilot
	NTPC
	NTFCI / NACK
	NFBI
	Transmitted slots per radio frame

	0
	15
	15
	256
	150
	10
	6
	2
	2
	0
	15

	0A
	15
	15
	256
	150
	10
	5
	2
	3
	0
	15

	0B
	15
	15
	256
	150
	10
	4
	2
	4
	0
	15


3.2 Performance of ACK/NACK and TFCI decoding 
Figure 5 shows the performance of ACK/NACK for the downlink decoding result. Figure 6 shows the performance of TFCI coding for [32, 10] and [20, 7].
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Figure 5: Performance of ACK decoding
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Figure 6: Performance of TFCI decoding
We can see from Figure 5 that the performance of the ACK/NACK is 1.2dB worse than that of TFCI [32, 10], and from Figure 6 the performance of TFCI [20, 7] is 0.5dB worse than that of TFCI [32, 10]. So we should increase the transmit power of the TFCI field (about 1.2dB) to guarantee the performance of TFCI [20, 7] and FET ACK/NACK while keep other DPCCH fields unchanged.
4 Conclusion 
Based on our analysis we propose the following:
The text proposal for the new uplink DPCCH frame structure is provided in the Annex A. We propose to include the TP in the TR 25.702 [5].
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Annex A: Text Proposal
------------- Start of Text Proposal -------------------
5
DCH Enhancements

This section captures the candidate technologies and solutions for DCH enhancement
5.1
Uplink Physical Layer Enhancements

5.1.x
New Uplink DPCCH Format
To support the downlink FET ACK, a new uplink DPCCH format is investigated, as depicted in Figure x1x. The TFCI information and the FET ACK/NACK indication are transmitted in a TDM manner within a 20ms TTI, where the TFCI is transmitted in the first 7 slots while the FET ACK/NACK indication is transmitted in the remaining slots.
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Figure x1x: Frame structure for new uplink DPCCH

For this new uplink DPCCH format, the existing DPCCH slot format #0A in the Table 2 of [25.211] could be reused, except that the TFCI and the FET ACK are sharing the same field and that the transmitted slots per radio frame are extended to 15. The DPCCH fields for the new uplink DPCCH is re-captured in Table x1x.
Table x1x: DPCCH fields for new uplink DPCCH 
	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (kbps)
	SF
	Bits/

Frame
	Bits/

Slot
	Npilot
	NTPC
	NTFCI / NACK
	NFBI
	Transmitted slots per radio frame

	0A
	15
	15
	256
	150
	10
	5
	2
	3
	0
	15


The relationship between the ACK pattern and FET ACK/NACK indication is presented in Table x2x.
Table x2x: ACK bit pattern for DPCCH
	ACK bit pattern
	FET ACK/NACK indication

	111
	ACK

	000
	NACK


The TFCI is encoded using a (20, 7) code. The coding procedure is as shown in Figure x2x.
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Figure x2x: Channel coding of TFCI information bits
The code words of the (20, 7) code are a linear combination of the basis sequences denoted Mi,n defined in the Table x3x (same as the Table 15C of [25.212]) for
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The TFCI information bits a0, a1, a2, a3, a4, a5, a6 (where a0 is LSB and a6 is MSB) correspond to the TFC index (expressed in unsigned binary form) defined by the RRC layer to reference the TFC of the CCTrCH in the associated DPCH radio frame.
The output code word bits bi are given by: 
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where i = 0, …, 19, and b20 = 0.
Table x3x: Basis sequences for (20, 7) TFCI code
	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Mi,10

	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	3
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	4
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	5
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	6
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1

	7
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1

	8
	1
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1

	9
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1
	1

	10
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1

	11
	1
	0
	1
	1
	0
	1
	0
	0
	0
	1
	0

	12
	1
	1
	0
	1
	1
	0
	1
	0
	0
	0
	0

	13
	1
	1
	1
	0
	1
	1
	0
	1
	0
	0
	0

	14
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	1

	15
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0

	16
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1

	17
	1
	0
	0
	0
	1
	1
	1
	0
	1
	1
	1

	18
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1
	0

	19
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1


------------- End of Text Proposal -------------------
Annex B: Simulation Assumptions
Performance of different pilot bits the simulation assumptions refer to [6], excluding the Power control and ideal search. 
1. Power control off:
	Vocoder
	Transport block
	TBS=

Ninfo
	CRC size=Ncrc
	DPDCH Spreading factor
	DPDCH/DPCCH gain factors(dB)

	AMR12.2K
	Full
	244
	16
	64
	2.694


2. Ideal search:
	Channel
	Path delays (in 1/8th of a chip)
	Path powers (dB relative to total power =1)

	 PA3
	1,111,191,411
	0，-9.7，-19.2，-22.8
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