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Introduction
In TSG-RAN#58 a new study item, “DCH Enhancements for UMTS”, was approved [1]. In this contribution we provide a text proposal for 5.1 on the descriptions of Uplink Physical Layer DCH Enhancements.
The text proposal for UL DCH enhancements is organized as follows:
Editor note: the table of content is modified as follows
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The candidate solutions of general encoding/decoding chain for the basic enhancement to UL DCH (i.e. frame early termination) are described in Section 5.1.1. Other enhancements to assist FET and candidate solutions for each enhancement are listed in Section 5.1.2 to 5.1.3.
2
Text Proposal
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5.1 UL Physical Layer Enhancements
Uplink performance of DCH in UMTS system can be improved in several ways. A basic enhancement to UL DCH would be introduction of frame early termination (FET).  Since in UMTS R99 circuit-switched traffic, the target BLER for speech service is usually 1%, it is not always necessary to receive all slots within the TTI for a successful block decoding.  Once the receiver successfully decodes the data (i.e. CRC passes), it may ask the transmitter to stop transmission immediately, i.e., even before the TTI ends, which reduces transmit power consumption without impact to the reception quality.  A number of modifications in UL improve the chance of FET and UE’s battery consumption.  These modifications include for example changes to UL DPCCH slot format to maintain ILPC timeline, TPC rate to accommodate for ACK signalling, or compression/repetition in UL.  In the following, solutions are presented that incorporate these modifications to improve UL DPCH performance.
5.1.1 UL Frame Early Termination
5.1.1.1 Option 1: Repetition of 10ms TTI frame
In this solution, the UL TTI is compressed and repeated twice to improve the chance of FET.  Several other modifications are introduced to assist with FET. These modifications are described in this section.
UL FET allows for termination of UL transmission and reception upon successful decoding of UL transport block at the Node-B.  The Node-B receiver attempts to decode the UL transport block at multiple occasions within each TTI, prior to complete reception of the transport block. Upon successful decoding, the Node-B sends an ACK signal, allowing the UE to terminate (DTX) its UL DPDCH transmission.  The UL DPCCH carries TPC bits required for DL DCH transmission; hence, UL DPCCH continues to be transmitted until the DL DCH transmission has also decoded early, after which UL DPCCH is also terminated. 
5.1.1.1.1 Outer loop power control (OLPC) algorithm in UL

In the UL, the OLPC is changed to assist FET by targeting an earlier slot during TTI. This is shown in Figure 5.1.1.1.1-1, where the parameter OLPC_TARGET_SLOT specifies the location within the entire transport block (combined repeated transport blocks) at which OLPC targets a specified BLER.  The value of OLPC_TARGET_SLOT in this study is 14, i.e., targeting the end slot of the first block.  OLPC updates the SIRtarget at the NodeB whenever a successful decoding attempt occurs for any transport channel (a CRC pass), or if decoding fails (no CRC pass) in all decoding attempts up to, and including, the final decoding attempt no later than specified by OLPC_TARGET_SLOT.   
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Figure 5.1.1.1.1-1: OLPC and Multiple Decoding Attempts  

For example, Figure 5.1.1.1.1-1 shows multiple decoding attempts marked as A,B,and C, with OLPC_TARGET_SLOT specifying location B within the transport block to target BLER. Table 5.1.1.1.1-1describes when OLPC is updated under different scenarios.

Table 5.1.1.1.1-1: OLPC Operation
	Decoding Attempt A
	Decoding Attempt B
	Decoding Attempt C
	OLPC SIR Update

	CRC Pass
	Not tried 
	Not tried
	Update as a CRC Pass – immediately after A

	CRC Fail
	CRC Pass
	Not tried
	Update as a CRC Pass – immediately after B

	CRC Fail
	CRC Fail
	CRC Pass
	Update as a CRC Fail – immediately after B

	CRC Fail
	CRC Fail
	CRC Fail
	Update as a CRC Fail – immediately after B


5.1.1.1.2 UL DTCH/DCCH compression and repetition

To improve the probability of successful early decoding of UL packets, the uplink DTCH and DCCH packets are compressed and repeated twice. At the MAC layer, the packets received every 20ms (for DTCH) and 40ms (for DCCH) are repeated twice. The duplicate packets are passed to the physical layer, configured with a TTI value half of the original, i.e., DTCH packets are configured with 10ms TTI and DCCH packets are configured with 20ms TTI; see Figure 5.1.1.1.2-1.  All physical-layer specific parameters like rate matching, 1st and 2nd layer interleaver parameters, spreading factor, etc. are derived from the configured 10ms or 20ms TTI values, according to the current 3GPP TS 25.212 specification.
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Figure 5.1.1.1.2-1: UL DTCH Packet Repetition at MAC Layer

5.1.1.2 Option 2: New rate matching and interleaving chains
Once UE is informed the successful decoding by BS, it can stop remaining transmission before TTI ends to save transmit power. Early termination indicator (ETI) is transmitted every two slots in this example, and a positive value indicates successful decoding by the receiver. In case 750Hz transmit power control rate is used, the spare TPC bits can be used for conveying the ETI. Figure 5.1.1.2-1 shows an example of the early termination flow. As seen, the UE performs some decoding attempts and got a successful decoding. It then informs BS to stop remaining transmission by sending ACKs.
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Figure 5.1.1.2-1: An example of UL data transmission with early termination

When both DL and UL data transmission are early terminated, DPCCH can be also terminated with negligible degradation of system performance. As shown in Figure 5.1.1.2-2, UE stops UL DPCCH transmission from slot 18 to slot 26. The period is called ET gap.
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Figure 5.1.1.2-2: An example of ET Gap

5.1.1.2.1 Encoding procedure of UL early termination
An example of modified encoding procedure for CS links to facilitate early termination is illustrated in Figure 5.1.1.2.1-1. The details of each block are described in the following subsections.
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Figure 5.1.1.2.1-1: Block diagram of UL encoding procedure

5.1.1.2.2 Transport block concatenation for single TrCH

For the sake of a simpler encoding and decoding chain, the transport blocks usually carried on separate transport channels (TrCH) in current R99 are instead concatenated into a single transport block, carried on one single TrCH. For example, there are 4 TrCHs for AMR fixed 12.2k, as shown in Table 5.1.1.2.2-1.

Table 5.1.1.2.2-1: TrCHs for AMR fixed 12.2k
	Logical channel type
	DTCH

Class A
	DTCH

Class B
	DTCH

Class C
	DCCH

	TTI(ms)
	20
	20
	20
	40


20ms TTI is applied in the above procedure. To simplify the procedure and to guarantee DCCH BLER, DCCH is transmitted twice within its 40ms TTI. When DCCH is transmitted, the four transport blocks are multiplexed into a single TrCH; otherwise the other three transport blocks are multiplexed together.

5.1.1.2.3 CRC attachment

TFCI-based transmission is commonly applied in UL. In legacy system, 12-bit CRC is attached to the TrCH for DTCH Class A. For the mixed TrCH described above, 16-bit CRC is suggested since it carries more information bits than the TrCH for DTCH Class A. In case of speech muting (i.e. no information bit to be transmitted), CRC is not attached due to TFCI-based transmission. It is noted that TFCI early decoding has to be implemented in NodeB to realize early termination.

5.1.1.2.4 Channel coding

The R99 convolutional code is reused for the modified encoding chain.

5.1.1.2.5 Rate matching and interleaving

Rate matching and interleaving mechanisms are modified and are illustrated in Figure 5.1.1.2.5-1. The procedure is performed by TTI basis and there is no radio frame segmentation as in the current R99. In the legacy system, flexible spreading factor is applied. The smaller the spreading factor is, the more is the number of bits can be transmitted within a TTI, which implies more bits can be collected in an earlier stage to increase the chance of early termination. Simulation results show that a fixed spreading factor value of 32 is preferable by early termination. In this case, if the number of encoded bits is not greater than the number of available physical bits (i.e. the number of bits which can be transmitted by the used DPDCH), intra-coded-block interleaving is applied followed by repetition. The purpose is to transmit the first copy of the coded block as earlier as possible. On the other hand, if the number of encoded bits is greater than the number of available physical bits, puncturing is applied first followed by intra-coded-block interleaving. The puncturing mechanism in current R99 can be used, and the block interleaver of second interleaving in current R99 can be used for interleaving both in puncturing case and in repetition case.
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Figure 5.1.1.2.5-1 Rate matching and interleaving

5.1.1.2.6 Physical channel mapping

This follows the original R99 procedure including modulation and spreading.

5.1.1.2.7 Stop data transmission based on early termination indicator

This is the most important block for the early termination feature. Once UE is informed the successful decoding by BS, it can stop remaining transmission before TTI ends to save transmit power. Early termination indicator (ETI) is transmitted every two slots in this example, and a positive value indicates successful decoding by the receiver. In case 750Hz transmit power control rate is used, the spare TPC bits can be used for conveying the ETI. Figure 5.1.1.2.7 shows an example of the early termination flow. As seen, the UE performs some decoding attempts and got a successful decoding. It then informs BS to stop remaining transmission by sending ACKs.
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Figure 5.1.1.2.7-1: An example of UL data transmission with early termination

There are several advantages when the proposed early termination mechanism works with the optimized transmit power control rate as proposed. First, the spare TPC symbols in UL DPCCH due to slower TPC rate can be reused to convey the early termination indicators, so that there is no need of introducing new uplink channel. Likewise in the uplink direction, when the spare TPC symbols in DL DPCCH are used for ETIs, these ETI symbols can also be used for DL SINR estimation when the optimized DPCH slot format is used so that there is no wasted power.

5.1.1.2.8 Power adjustment

Table 5.1.1.2.8 shows the DPDCH/DPCCH power ratio when early termination is used.
Table 5.1.1.2.8 - DPDCH/DPCCH power ratio

	Packet
	Null
	SID
	Full

	βd/ βc
	0/15
	7/15
	14/15


5.1.1.2.9 Early termination of both DL and UL data transmission

When both DL and UL data transmission are early terminated, DPCCH can be also terminated with neglectable degradation of system performance. As shown in Figure 5.1.1.2.9, UE stops UL DPCCH transmission from slot 18 to slot 26. The period is called ET gap.
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Figure 5.1.1.2.9: An example of UL data transmission with early termination
5.1.1.2.10 TFCI based transmission

The original TFCI (10, 32) code is still applied with early decoding. The maximum number of TFC for 12.2k services is 16, which means only 4 bits out of 10 TFCI bits are valid. When 4 bits are encoded to 32 bits, the probability of a successful decoding before the whole 32 bits are fully collected is quite high. Whenever BS tries to decode the data, it first performs early decoding for TFCI. This is called TFCI early decoding.
5.1.2 UL DPCCH slot format optimization 

5.1.2.1

Option 1: Removing TFCI fields
To assist UL FET, TFCI information needs to be delivered to Node-B as early as possible.  To this end, the TFCI is transmitted on a new channel during the first two slots of DPDCH TTI, in a format similar to the CQI transmission on HS-DPCCH. This new control channel, referred to as FET-DPCCH, reuses the design of HS-DPCCH, with the CQI being replaced by TFCI and the ACK being used to enable DL FET. This new channel implies that TFCI need not be carried on the UL DPCCH anymore, so UL DPCCH shall use slot-format 1, with 8 pilot bits and 2 TPC bits in each slot, and no TFCI bits.  

UL DPCCH channel may also use a new slot format, called slot format 5, which is identical to slot-format 1 except that the two TPC bits are placed before, instead of after, the 8 pilot bits. The motivation for this enhancement is to preserve the ability to achieve 1 slot delay for the inner-loop power control (ILPC) in downlink, as explained in Figures 5.1.2.1-1 and 5.1.2.1-2. Slot format 5 is designed to maintain the ILPC timeline when dedicated pilots in the DL DPCCH channel are removed as part of a proposed DL DPCCH enhancement for DL overhead optimization.
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Figure 5.1.2-1: Extra slot of ILPC delay caused by TPC-based DL SIR Measurement
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Figure 5.1.2-2: New UL DPCCH slot-format 5 and its use in achieving 1 slot DL ILPC delay.

5.1.2.2

Option 2: Reusing Legacy UL DPCCH Slot Format
With reduced TPC rate, the spared TPC fields in UL DPCCH can be reused for ACK and thus, the legacy UL DPCCH slot format can be reused.

5.1.2.3

Option 3: Relocation of TFCI fields
Alternatively, the TFCI information bits could be reduced to 5 to 7 bits and could be delivered to Node-B in the first 7 slots of UL DPCCH, while the FET ACK/NACK indication is transmitted in the remaining slots, as explained in section 5.1.3.2. The slot format of UL DPCCH is identical to slot format 0A except that the TFCI information and the FET ACK/NACK indication are transmitted in a TDM manner within a 20ms TTI.
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 are re-captured in Table 5.1.3.2-1.

Table 5.1.2.3-1: 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


5.1.3 UL ACK Indication for DL frame early termination

5.1.3.1 Option 1: New FET Control Channel
The FET-DPCCH is a new UL channel that reuses the structure of HS-DPCCH channel to carry TFCI information and the ACK signal for DL FET. The TFCI information is encoded using the (20,5) Reed Muller code currently used for CQI encoding in the HS-DPCCH channel, and is transmitted during the first two slots of DTCH TTI.  Subsequent slots after TFCI is sent are dedicated to transmission of the ACK signal. This is illustrated in Figure5.1.3.1-1. With the DL enhancement of 2-user TDM as described in Section 5.2.2, the DL packet only occupies a 10ms duration, and hence the Ack signal is not needed during the second 10ms duration of the UL packet. 
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Figure 5.1.3.1-1: New UL control channel (FET-DPCCH)

5.1.3.2 Option 2: TDM of FET ACK and TFCI in DPCCH 
An alternative approach to transmit the ACK message on the UL is to TDM the ACK message with UL PDCCH.  To this end, the new uplink DPCCH format described in Section 5.1.2.3 is used as depicted in Figure 5.1.3.2-1. The TFCI information and the FET ACK/NACK indication are transmitted in a TDM manner within a 20ms TTI, where the TFCI is transmitted to the Node-B as early as possible to assist DL FET, for example, in the first 7 slots while the FET ACK/NACK indication is transmitted in the remaining slots.
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Figure 5.1.3.2-1: Frame structure for new uplink DPCCH

The relationship between the ACK pattern and FET ACK/NACK indication is presented in Table 5.1.3.2-2.

Table 5.1.3.2-2: ACK bit pattern for DPCCH
	ACK bit pattern
	FET ACK/NACK indication

	111
	ACK

	000
	NACK


The TFCI is encoded using a (20, 5) or (20, 7) code depending on the number of TFCI information bits. The coding procedure is as shown in Figure 5.1.3.2-2.
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Figure 5.1.3.2-2: Channel coding of TFCI information bits

The code words of the (20, 5) code are a linear combination of the 5 basis sequences denoted Mi,n defined in the Table 5.1.3.2-3 (same as the Table 15A of [25.212]). The code words of the (20, 7) code are a linear combination of the basis sequences denoted Mi,n defined in the Table 5.1.3.2-4 (same as the Table 15C of [25.212]) for
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The TFCI information bits a0, a1, a2, a3, a4 or 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,
for the (20, 5) code, 
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for the (20, 7) code, 
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where i = 0, …, 19, and b20 = 0.
Table 5.1.3.2-3: Basis sequences for (20, 5) code

	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4

	0
	1
	0
	0
	0
	1

	1
	0
	1
	0
	0
	1

	2
	1
	1
	0
	0
	1

	3
	0
	0
	1
	0
	1

	4
	1
	0
	1
	0
	1

	5
	0
	1
	1
	0
	1

	6
	1
	1
	1
	0
	1

	7
	0
	0
	0
	1
	1

	8
	1
	0
	0
	1
	1

	9
	0
	1
	0
	1
	1

	10
	1
	1
	0
	1
	1

	11
	0
	0
	1
	1
	1

	12
	1
	0
	1
	1
	1

	13
	0
	1
	1
	1
	1

	14
	1
	1
	1
	1
	1

	15
	0
	0
	0
	0
	1

	16
	0
	0
	0
	0
	1

	17
	0
	0
	0
	0
	1

	18
	0
	0
	0
	0
	1

	19
	0
	0
	0
	0
	1


Table 5.1.3.2-4: 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


5.1.3.3 Option 3: FET ACK using spared TPC symbols 

To realize early termination, early termination indicator (ETI) is required. In case of 750Hz TPC rate, the spared TPC symbols are used to transmit ETI. An example of ETI feedback is illustrated in Figure 5.1.3.3-1. As seen, UE collects data slot 0 to slot 6 and performs BTFD. If the data is successfully decoded (i.e. CRC passed), a positive ETI is sent in UL DPCCH in slot 7 to inform NodeB to terminate DL data transmission. Otherwise, a negative ETI is sent in UL DPCCH in slot 7 to inform NodeB. The ETIs can be sent every two slots in UL DPCCH from slot 1 to slot 29. An ETI feedback mask can also be defined to indicate which slots ETI can be sent in. For example, a feedback mask [7:2:27] means ETIs can be sent every two slots in slot 7 to slot 27, and the corresponding early decoding attempts occur every two slots starting from slot 6 to slot 26.
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Figure 5.1.3.3-1: An example of ETI feedback for DL data transmission based on 750Hz TPC rate
In case of dynamic TPC Rate (i.e., TPC symbols are only replaced by ETI according to the defined ETI feedback mask), the TPC rate will not be constant. As shown in Figure 5.1.3.3-2, the ETI feedback mask is [7:2:27], and there is one period with TPC rate 1500Hz and the other one period with TPC rate 750Hz. 
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Figure 5.1.3.3-2: An example of ETI feedback for DL data transmission based on dynamic TPC rate
 [------------------------------------------------------------- TEXT ENDS --------------------------------------------------------------]

3 Conclusions

It is proposed to agree to and capture the text proposal on the descriptions of the UL DCH Enhancements as presented in this document to the DCH Enhancements TR [2].
References

[1] RP-122029, “DCH Enhancements for UMTS”, Qualcomm Incorporated, Telefonica, China Unicom, ZTE, Huawei, Ericsson, MediaTek Inc., Mstar, Chunghwa Telecom, RAN#58
[2] R1-130717, “25.702 TR skeleton on DCH Enhancements”, Qualcomm Incorporated.
_1429421691.vsd
�

TFCI 
(7 bits)
a6...a0


TFCI 
code word
b0...b20


(20,7) code


(20,5) code


TFCI 
(5 bits)
a4...a0


TFCI 
code word
b0...b20



_1070182334.unknown

