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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 Sections 5 on the descriptions of DL DCH Enhancements.
The text proposal for DL DCH enhancements is organized as follows:
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5
DCH Enhancements

5.2
Downlink Physical Layer Enhancements
5.2.1 Downlink Frame Early Termination (FET)
5.2.1.1 Option 1

A key aspect of the study item is frame early termination, which provides both link-efficiency and battery life improvements. On the downlink, decoding is attempted at several intermediate points in time prior to reception of the complete 10ms packet; eg, every slot starting after the 3rd slot. The initial slots are skipped since they contain insufficient data for successful decoding. The early decoding will often succeed, owing to the excess SNR inherent in a power-controlled link. On success, the UE sends an Ack signal to inform the NodeB to stop its DL DPDCH transmission, thus achieving link efficiency gain. The DL DPCCH carries TPC bits that are required by the UE to make uplink transmissions, hence the DL DPCCH continues to be transmitted. Note that when the new pilot-free slot-format is used for DL DPCH, the DL DPCCH only carries only the TPC bits, which occupy a small fraction of each slot. Hence the UE can obtain DRX battery life savings by waking up only to read these TPC bits. If the uplink voice frame has also been decoded early, even the DL DPCCH transmissions are unnecessary (assuming no other UL transmissions are needed; i.e., not in a multi-RAB call), and the entire DL DCH transmission can be DTXed. This allows further DRX battery savings as well as link-efficiency savings from reduced DL transmissions. In this situation, the DL DPCCH transmission is resumed a few slots prior to the start of the next DL voice packet, to allow the UE receiver filters to refresh their states on waking up from DRX.
5.2.1.1.1 DCCH Indicator Bit, choice of CRC length and transport channels
On the downlink, each DCCH packet is multiplexed with two DTCH packets as shown in Figure 5.2.4.1-2. Hence the DTCH may be decoded early while DCCH has not yet decoded. In this situation, the UE must avoid sending the Ack requesting NodeB to turn off the DL DPDCH, so as to avoid losing the DCCH packet. To assist the UE in recognizing this situation, a single DCCH indicator bit is appended to each DL DTCH packet prior to CRC attachment, as shown in Figure 5.2.1.1.1. Thus, the TBSs usually used with R99 voice on the DL must all be increased by 1 bit. This bit is required because slot-formats for voice on downlink do not usually include TFCI signaling (i.e., UE uses BTFD), so there is no existing mechanism to identify whether DCCH is present. UE receiver-only mechanisms such as detecting energy in DCCH bits are likely to be unreliable, especially at the very early DTCH decode attempts. The DCCH indicator bit is unnecessary on the uplink, since the uplink relies on TFCI transmission by UE rather than on blind transport format detection by Node-B receiver.

Early decoding increases the overall probability of false CRC pass, because there are multiple decoding attempts made, and a false CRC pass could happen on any of them, further false CRC passes are also more likely at earlier decoding attempts where there is less information available to the decoder. To combat this issue, a larger CRC size can be used. Currently AMR voice over DCH usually uses 12 bit CRC for DTCH and 16 bit CRC for DCCH. The 16 bit CRC could also be used for DTCH in order to support FET, on both the uplink and downlink.
Currently AMR voice frames consist of separate classes of bits (class A,B,C for AMR12.2K and class A,B for AMR5.9K), which are separately encoded and carried on separate transport channels, and CRC protection is used only for the class-A bits. If the same approach is used in conjunction with FET, the BER of the class B and C bits may be higher than that in current systems if the voice frame transmission is terminated upon successful early decoding of class-A bits. To avoid this problem, the class A,B and C bits are concatenated together and jointly encoded on a single transport channel, both on uplink and downlink.
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Figure 5.2.1.1.1: In-band signaling of DCCH presence/absence

5.2.1.2 Option 2

For UMTS R99 circuit-switched traffic, the target BLER for speech service is at the order of 0.01. In most cases, it is not necessary to receive all slots within TTI for a successful block decoding. Once the receiver successfully decoded the data (i.e. CRC passed), it may ask the transmitter to stop transmission immediately before TTI ends, which reduces transmit power consumption but has no impact to the receiving quality. The mechanism is more power efficient and can support more circuit switch (CS) speech links simultaneously. In addition, CS links with early termination introduce less interference to other communication links and hence can contribute to the quality of HSPA services.

5.2.1.2.1    Encoding procedure of DL early termination

An example of modified encoding procedure for CS links to facilitate early termination is illustrated in Figure 5.2.1.2.1-1. 
The following subsections describe the detail of each block.
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Figure 5.2.1.2.1-1 – Block diagram of DL encoding procedure

5.2.1.2.2    Transport block mixture 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 mixed into a single transport block, carried on one single TrCH. For example, there are 4 TrCHs for AMR 12.2k, as shown in Table 5.2.1.2.2-1.

Table 5.2.1.2.2-1 - TrCHs for AMR 12.2k over R99 DCH

	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.

5.2.1.2.3    CRC attachment

BTFD is suggested for the modified encoding chain because we observed that BTFD-based slot format is more power efficient compared to TFCI-based slot format. In this case, CRC is always attached for RX decoding. To achieve an acceptable false detection rate, 16-bit CRC is suggested. For the speech Mute case, i.e., there is no information bit to be transmitted, all the CRC are zero. 

5.2.1.2.4    Channel coding

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

5.2.1.2.5    Rate matching and interleaving

Rate matching and interleaving mechanisms are modified and are illustrated in Figure 5.2.1.2.5-1. The procedure is performed by TTI basis and there is no radio frame segmentation as in the current R99. If the number of encoded bits is less or equal to the number of available physical bits (i.e. the number of bits which can be transmitted by the used DPDCH), the intra-coded-block interleaving is applied and repetition is performed afterward. 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 and then intra-coded-block interleaving is performed. 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 5.2.1.2.5-1 – Rate matching and interleaving

5.2.1.2.6    Physical channel mapping

This follows the original R99 procedure including modulation and spreading.

5.2.1.2.7    Stop data transmission based on early termination indicator

This is the most important block for the early termination feature. Once BS is informed the successful decoding by UE, 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 5.2.1.2.7-1 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 5.2.1.2.7-1 – An example of DL data transmission with early termination

There are several advantages when the proposed early termination mechanism works with 750Hz transmit power control rate. 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.

5.2.1.2.8    Power adjustment

In this example, DTX bits are not inserted into DPDCH and power adjustment is applied instead. The basic idea is to have more power on the coded block with more coded bits. The final applied DPDCH power is proportional to the number of coded bits. DPDCH power is maintained by power control. Based on packet types, different DPDCH power adjustment is introduced. The concept is similar to βd/βc in UL. Table 5.2.1.2.8-1 shows a DPDCH power adjustment example. For example, it is assumed X(dB) Ec/Ior is to be applied on DPDCH in specific slot in absence of DPDCH power adjustment. Based on this table, if packet type is Full, the adjusted DPDCH power is X. If the packet type is SID, the adjusted DPDCH power is (X-6.29), and if the packet type is Null, the adjusted DPDCH power is X-10.4 dB.

Table 5.2.1.2.8-1 - DPDCH power adjustment example

	Packet
	Null
	SID
	Full

	DPDCH power adjustment (dB)
	-10.48
	-6.29
	0


5.2.1.2.9    Early termination of both DL and UL data transmission

When both DL and UL data are early terminated, DPCCH can be also terminated with negligible degradation of system performance. As shown in Figure 5.2.1.2.9-1, BS stops UL DPCCH transmission from slot 19 to slot 26. The period is called ET gap.
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Figure 5.2.1.2.9-1 – An example of DL data transmission with early termination

5.2.1.2.10    TFCI based or BTFD based transmission

BTFD-based transmission is the most popular in the legacy DL system and hence is also used in the proposed DL early termination scheme. In this case, BS tries every possible TFC candidates at each decoding attempt. Note that DL ET is also feasible for TFCI-based transmission. 

5.2.1.3 Option 3
In Section 5.2.1.1 FET Option 1, DL transmission occurs over 10ms TTIs, and two users share the same spreading code.  In this solution, the key difference is that DL transmission still uses 20ms TTIs.  In comparison to FET Option 1, this approach does not require user pairing, at the expense of less gating opportunity for UE.   This solution follows mostly the principles outlined in other solutions, with specific changes to slot format, encoding, and rate matching as described in this section. 

The design uses 20ms TTI for voice frames, just as in current R99. The only change required to the current R99 slot-formats is to eliminate the pilot bits. The spreading factor in this design is the same as that in the current R99, as described in Section 5.2.2.1. 

5.2.1.3.1 Joint encoding and FET

As in FET Option 1, the class-A,B and C bits in AMR full-rate frames are concatenated together and sent on a single transport channel; thus there are only two transport channels, one for DTCH (carrying voice frames) and one for DCCH (carrying SRB). Similar to FET Option 1, the DTCH uses 16-bit CRC and rate 1/3 convolutional encoding. In contrast to FET Option 1, however, the DCCH indicator bit in Section 5.2.1.1.1 is not required, due to a modification in the rate-matching scheme to be described next.

5.2.1.3.2  Pseudo-flexible RM: Sharing DCCH bits with DTCH

Currently voice over R99 downlink uses fixed rate-matching (RM), as a result of which the bit positions reserved for DCCH cannot be re-used by DTCH even when DCCH does not carry a transport block. This simplifies the complexity of BTFD procedure at the UE, since the transport-channel de-multiplexing operation does not need to be repeated for each BTFD hypothesis. Flexible rate-matching as defined in current R99 does allow some reuse of DCCH bit positions for DTCH when DCCH does not carry a transport block, but currently requires transmission of TFCI to avoid the extra BTFD complexity due to the loss of the above-mentioned simplification possible in fixed RM. Pseudo-flexible RM combines the merits of both the fixed and flexible RM schemes. In pseudo-flex RM, the transmitter operation is similar to the current fixed-RM scheme, however the RM attributes used are different, depending on whether or not DCCH transport channel is present or not. Specifically, the RM attributes signalled to the UE as in current R99 are used when DCCH transport block is transmitted, whereas when DCCH is not transmitted, the RM attribute of the DCCH transport channel is set to zero. This is illustrated in Figure 5.2.1.3.2-1.
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Figure 5.2.1.3.2-1: Comparing R99 fixed RM and pseudo-flexible RM

The advantage of pseudo-flexible RM is to allow using DCCH bit positions by DTCH when DCCH does not carry a transport block. This makes more DPDCH bits available to the voice packets, thus allowing increased repetition which improves performance of FET. At the same time, there is only a modest increase in UE decoding complexity: The UE first decodes under the hypothesis that DCCH is absent, and if unsuccessful, repeats under the hypothesis that DCCH is present.   If early decoding is attempted, the hypothesis that DCCH is present needs to be tested only at a subset of the early decoding attempts; eg, it could be tested only at the last attempt when the whole DTCH packet has been received. This is because under this hypothesis, both DTCH and DCCH must decode early for FET to be possible, and this is unlikely until most of the transmission has been completed. Since DCCH packet transmission is fairly rare (1-2%), the extra complexity of this scheme is small. Thus, BTFD is still possible and there is no need to signal the TFCI. 

The DCCH presence indication bit as in FET Option 1 is not required, since the UE automatically detects whether or not the DCCH has been transmitted based on which of the two hypotheses succeeds. Thus there is no need for in-band signalling of DCCH presence via a DCCH-indicator bit appended to the DTCH packet as in Section 5.2.1.1.1. 

5.2.2 DL DPCCH Slot Format Optimization
A significant portion of power in downlink circuit-switched voice transmission over DCH is consumed on dedicated pilots, used for received signal to noise ratio (SNR) measurements and power control.  However, SNR measurements could also be performed on other control channel (DPCCH) or data channel (DPDCH) symbols, eg; using the TPC bits instead of pilots. This eliminates the need for dedicated pilots for power control.  The freed-up pilot bit positions can be re-allocated to data bits. As shown in Figure 5.2.2 for a voice-only scenario, on the downlink, close to 24% of the total power profile is spent on transmitting dedicated pilots.  Hence, significant improvements in link efficiency and inter-cell interference can be achieved by this enhancement. To this end, new slot-formats are defined in which pilot bits are eliminated.
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Figure 5.2.2: Distribution of DL transmit power when CS voice is transmitted on DCH.  Fixed overhead includes common pilot and broadcast channels
5.2.2.1 Option 1

The design uses 20ms TTI for voice frames, just as in current R99. The only change required to the current R99 slot-formats is to eliminate the pilot bits. The spreading factor in this design is the same as that in the current R99. The new slot formats are described in Table 5.2.2.1. 

Table 5.2.2.1: Enhanced DL DPCH slot formats

	Vocoder
	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Slot
	DPDCH Bits/Slot
	DPCCH

Bits/Slot
	Transmitted slots per radio frame

NTr

	
	
	
	
	
	
	NData1
	NData2
	NTPC
	NTFCI
	NPilot
	

	AMR 5.9K
	25
	30
	15
	256
	20
	2
	16
	2
	0
	0
	15

	AMR 12.2K
	26
	60
	30
	128
	40
	6
	32
	2
	0
	0
	15


5.2.2.2 Option 2

The downlink DPCH (DL Dedicated Physical Channel) is a time multiplex of DL DPDCH (Dedicated Physical Data Channel) and DL DPCCH (Dedicated Physical Control Channel). DL DPCCH occupies considerable ratio of the DL DPCH. For example, in slot format #8, it is commonly observed in field trials that DPCCH occupies 15% of the slot. Therefore, the downlink DPCCH can be further optimized to improve the efficiency of data transmission. The existing design on DL DPCH slot format is tightly coupled with both downlink and uplink transmission power control. Therefore optimizations of the DPCH slot format shall take account of quality of SINR estimation, error rate of transmit power control command and round trip delay thereof, as described in the following sessions.

In this section, 4 new DL DPCH slot formats (#17, #18, #19 and #20) are proposed, as shown in Table 5.2.2.2-1. The new slot formats are transformations of the legacy slot format #8 with pilot fields being removed, as illustrated in Figure 5.2.2.2-1. 

	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Slot
	DPDCH Bits/Slot
	DPCCH

Bits/Slot
	Transmitted slots per radio frame

NTr

	
	
	
	
	
	NData1
	NData2
	NTPC
	NTFCI
	NPilot
	

	17
	60
	30
	128
	40
	6
	32
	2
	0
	0
	15

	18
	60
	30
	128
	40
	4
	32
	4
	0
	0
	15

	19
	60
	30
	128
	40
	38
	0
	2
	0
	0
	15

	20
	60
	30
	128
	40
	36
	0
	4
	0
	0
	15


Table 5.2.2.2-1: The proposed new DL DPCH slot formats

[image: image8.emf]Slot format #17 (

1 TPC symbol @ original position, 

no p

ilot field

)

Data1 Data2

TPC

Slot format #18 (

2 TPC symbols @ original position, 

no p

ilot field

)

Data1

Data2

TPC

Slot format #19 (

1 TPC symbol @ the end of slot, 

no p

ilot field

)

Data1

TPC

Slot format #20 (

2 TPC symbols @ the end of slot, 

no p

ilot field

)

Data1

TPC


Figure 5.2.2.2-1:  Illustration of the proposed new DL DPCH slot formats

Slot format #17 is a transformation of slot format #8 with pilot field being replaced by data2 field. 

Slot format #18 is similar to slot format #17 but 2 TPC symbols are transmitted. Since the number of TPC symbols is doubled in slot format #18, the TPC power offset can be reduced by 3dB (compared with slot format #17) to achieve similar link performance (i.e. TPC command error rate, DTCH BLER and required DL DPCH_Ec/Ior) as slot format #17. With such characteristic, slot format #18 reduces the NodeB transmit power variation across symbols and reduces the chance of being limited by the maximum transmit power of NodeB.

Once the pilot filed is removed, TPC bits are the only bits in the DPCCH for BTFD-based scenarios. The TPC field can also be located at the end of the slot, which produces slot format #19 and slot format #20.
Since the DL DPCH slot format is tightly coupled with downlink and uplink transmission power control, the downlink and uplink transmission power control loop are modified for the aforementioned new slot formats as described below.

Figure 5.2.2.2-2 illustrates the UL/DL TPC timing for slot format #8, which assumes 1 slot delay of DL TPC and 2 slot delay of UL TPC. 
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Figure 5.2.2.2-2: TPC timing diagrams for legacy DL DPCH slot format #8

Figure 5.2.2.2-3 illustrates the UL/DL TPC timing for slot format #17. The delay of DL TPC and UL TPC is 2 slots now since the position of TPC field remains unchanged.
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Figure 5.2.2.2-3: TPC timing diagrams for proposed new DL DPCH slot format #17

Figure 5.2.2.2-4 illustrates the UL/DL TPC timing for slot format #20. The DL TPC delay is 1 slot and UL TPC delay is 2 slots, which are the same as the legacy format.
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Figure 5.2.2.2-4: TPC timing diagrams for proposed new DL DPCH slot format #20

In case of slot formats #17 and #18, the DL DPCH power update occurs at the beginning of each slot. In case of slot formats #19 and #20, the DL DPCH power update starts at the TPC field which is located at end of each slot.
5.2.3 DL ACK Indication for UL Frame Early Termination
5.2.3.1 Option 1: ACK as part of DL DPCCH
As a result of the DL enhancement of pilot-free slot-format, the DL DPCCH only carries TPC bits. A new field could be introduced in the DL slot-format to carry the Ack. This would increase the code-rate on the DTCH, but avoid having to reserve an OVSF code for the ACK channel. Alternatively, the ACK could be I-Q multiplexed with the TPC symbols, since the TPC symbols always have identical I and Q bits. In either case, the choice of modulation scheme for the ACK symbol – BPSK or on-off keying – should be investigated, based on the achieved UL FET statistics and the ACK power required in each case. The ACK transmit power is computed by applying a configurable offset to the DPDCH power, similar to the currently configured DPCCH/DPDCH power offsets. If a separate field is introduced in the DL slot format for ACK channel, then the choice of the width of this field must be studied. A longer ACK duration increases the ACK delay, which erodes the gains from UL FET, and also increases the impact on the code rate of DL DTCH, which could affect DL link efficiency. On the other hand, a shorter ACK duration could necessitate the use of unacceptably large ACK power offsets.
5.2.3.2 Option 2: ACK on a new code channel
This design option is similar to the current E-HICH design. A new code channel carries ACKs for multiple users, distinguished by orthogonal signature sequences. This avoids impact to DL DTCH code rate that results from TDM-ing the ACK with TPC on the DL DPCCH, at the cost of an extra code channel, which is however shared among multiple users. The current E-HICH spans 2ms or 8ms duration depending on the E-DPDCH TTI. However, the E-DPDCH HARQ structure allows the E-HICH to be transmitted in the intervals between successive HARQ transmissions, whereas there are no such intervals on the UL DPDCH. Hence, a longer duration ACK increases the ACK delay and lowers the link gains from UL FET, thus even 2ms ACK duration may be unacceptably long. Thus, alternatives such as a 1-slot or 2-slot ACK could be considered. It is also possible to consider shorter ACKs, for example, a half-slot ACK, that would use a new set of 20 orthogonal signature sequences instead of the current 40 sequences used by E-HICH and E-RGCH. This channel could still support 40 users, TDM-ed across the first and second half of each slot.
5.2.3.3 Option 3: ACK using spared TPC symbols

To realize early termination, early termination indicator (ETI) is required. In case of 750Hz transmit power control (TPC) rate, the spared TPC symbols are used to transmit ETI. Figure 5.2.3.3-1 illustrates an example of how the ETI feedback works for UL data transmission. In this example, BS collects data slot 0 to slot 10, performs TFCI-based or BTFD-based ET procedure. Once the data is successfully decoded, a positive ETI is sent in DL DPCCH in slot 13 to inform UE that UL data can be terminated. Otherwise, a negative ETI is sent in DL DPCCH in slot 13 to inform UE. The ETIs can be sent every two slots in DL 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 [13:2:29] means ETIs can be sent every two slots in slot 13 to slot 29, and the corresponding early decoding attempts occur every two slots starting from slot 10 to slot 26.
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Figure 5.2.3.3-1: An example of ETI feedback for UL 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 5.2.3.3-2, the ETI feedback mask is [13:2:29], and there is one period with TPC rate 1500Hz and the other one period with TPC rate 750Hz. 
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Figure 5.2.3.3-2: An example of ETI feedback for UL data transmission based on dynamic TPC rate

5.2.4 DPCH Time Domain Multiplexing 
5.2.4.1 Option 1: TDM User pairing

A key aspect of the study item is frame early termination, which provides both link-efficiency and battery life improvements. An important enhancement to enable these gains on the downlink is the design in which two users are time-division multiplexed onto a single channelization code. This allows for transmitting a packet over a shorter time period, which combined with the uplink enhancements, results in significantly shorter active transmission periods, thus, less inter- and intra- cell interference due to concurrent active transmissions. Figure 5.2.4.1-1 shows user pairing in DL using new DL DPCH slot formats.   Here, pairs of slot formats are used to DTX one user while the other user performs full transmission, in alternate turns. The TPC symbols for the two users are TDM-ed in each slot. This allows TPC to be continuously sent to each user, while DPDCH is only sent in alternate 10ms radio frames. The reduction of TTI for voice packets from 20ms to 10ms is achieved by halving of the spreading factor (SF) used in R99, thus preventing excessive puncturing that would result if the same spreading factor was used. However, overall code-space utilization is kept unchanged since two voice UEs share each OVSF code. Table 5.2.4.1-1 shows the new slot-formats 17 through 20 thus created to serve as an enhanced replacement for the current slot-format 2, achieving both the goals of pilot-free slot format and TDM-ing of two users on a single OVSF code. In Figure 5.2.4.1-1, UE1 uses slot-format 17 in the first 10ms and slot-format 18 in the next one, while UE2 uses slot-format 20 in the first 10ms and slot-format 19 in the next one. The halving of the SF also halves the DCCH TTI from 40ms to 20ms. Each DCCH packet is multiplexed with two consecutive DTCH packets which are transmitted in two 10ms frames separated by a 10ms DPDCH transmission gap, as explained in Figure 5.2.4.1-2. The new slot-formats 21 through 24 in Table 5.2.4.1-1 are designed to serve as an enhanced replacement for the current slot-format 8, just as slot-formats 17 through 20 serve to replace the current slot format 2.
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Figure 5.2.4.1-1: Time-division multiplexing of two UEs on a single channelization code.

Table 5.2.4.1-1: Enhanced DL DPCH slot formats

	Vocoder
	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Slot
	DPDCH Bits/Slot
	DPCCH

Bits/Slot
	Transmitted slots per radio frame

NTr

	
	
	
	
	
	
	NData1
	NData2
	NTPC
	NTFCI
	NPilot
	

	AMR 5.9K
	17
	60
	30
	128
	40
	4
	32
	4, last 2 are DTXed
	0
	0
	15

	AMR 5.9K
	18
	60
	30
	128
	40
	4 DTX
	32 DTX
	4, last 2 are DTXed
	0
	0
	15

	AMR 5.9K
	19
	60
	30
	128
	40
	4
	32
	4, first 2 are DTXed
	0
	0
	15

	AMR 5.9K
	20
	60
	30
	128
	40
	4 DTX
	32 DTX
	4, first 2 are DTXed
	0
	0
	15

	AMR 12.2K
	21
	120
	60
	64
	80
	12
	64
	4, last 2 are DTXed
	0
	0
	15

	AMR 12.2K
	22
	120
	60
	64
	80
	12

DTX
	64 DTX
	4, last 2 are DTXed
	0
	0
	15

	AMR 12.2K
	23
	120
	60
	64
	80
	12
	64
	4, first 2 are DTXed
	0
	0
	15

	AMR 12.2K
	24
	120
	60
	64
	80
	12 DTX
	64 DTX
	4, first 2 are DTXed
	0
	0
	15
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Figure 5.2.4.1-2: Multiplexing of DTCH and DCCH for two UEs sharing a single channelization code.

5.2.4.2 Option 2: TDM of Multiple Users
Technologies such as receive diversity (RxD), interference cancellation, and the recently proposed DCH enhancements  have been proved to significantly reduce the required transmit power and allow base station to support more and more active users simultaneously. However, the maximum number of supported users per cell is also constrained by the channelization (OVSF) code resource. In current specification, one user occupies one OVSF code, and with the maximum spreading factor (SF) of 256 the maximum number of CS voice users per scrambling code is 256 (not considering control channels, HSPA services and other 3G services). In reality, for the sake of smaller power allocation, spreading factor 128 is the most common setting for AMR+DCCH applications, which means an even tighter constraint on the cell capacity(i.e. less than 128 users per cell). 

The use of secondary scrambling code is one remedy being specified by current spec to address the above issue. However, due to non-orthogonality between the two scrambling codes, huge interference is introduced between users on primary scrambling code and secondary scrambling code. 

Assuming all channelization codes can be used for voice transmission, the effective number of CS voice users per scrambling code is 128 (128 codes x 1 user/code) when SF128 is used. However, if one SF64 code is shared by 3 users, the number of effective users becomes 192 (64 codes x 3 users/code), which means one scrambling code can support 192 users without loss of OVSF code orthogonality. The code rate loss is roughly 3/(128/64) = 1.5 ≈1.76dB, which can be compensated by removing the dedicated pilot fields. Although the opportunity of data transmission for one user is now once per 3 slots, the control part can still be transmitted at each slot to guarantee a smooth uplink control. The concept of time-slot division for 3 users is illustrated in Figure 5.2.4.2-1. 
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Figure 5.2.4.2-1: Illustration of time-slot division for 3 users in 1 channelization code with SF=64

In reality, control channels also occupy the channelization code resource. Assuming one SF16 code is reserved for the common control channels, for legacy system the effective number of CS voice users per scrambling code now becomes 128 -8 = 120 (assuming no HSPA users). With TDM, the number of effective users becomes 120x3/2=180. 

When considering HSDPA service as well and assuming 10 SF16 codes are reserved for HSDPA users, for legacy system the effective number of CS voice users per scrambling code becomes at most 40. With TDM the number of maximum effective users can increase to 40x3/2 = 60 users.

New DL DPCH slot formats are proposed to facilitate DPCH TDM as shown in Table 5.2.4.2-1 and Figure 5.2.4.2-2.

Table 5.2.4.2-1: New DL DPCH Slot Formats with TDM

	Slot Format #i
	SF
	DPDCH Bits/Slot
	DPCCH

Bits/Slot
	Transmitted slot index per radio frame

	
	
	NData1
	NData2
	NTPC
	

	21
	64
	12
	62
	6, last 4 are DTXed
	{0,3,6,9,12}

	
	
	12 DTX
	62 DTX
	6, last 4 are DTXed
	{1,2,4,5,7,8,10,11,13,14}

	22
	64
	12
	62
	6, first 2 and last 2 are DTXed
	{0,3,6,9,12}

	
	
	12 DTX
	62 DTX
	6, first 2 and last 2 are DTXed
	{1,2,4,5,7,8,10,11,13,14}

	23
	64
	12
	62
	6, first 4 are DTXed
	{0,3,6,9,12}

	
	
	12 DTX
	62 DTX
	6, first 4 are DTXed
	{1,2,4,5,7,8,10,11,13,14}
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Figure 5.2.4.2-2: Illustration of DL DPCH slot formats for TDM of three users
5.2.5 Considerations of Frame Timing for DPCH Time Domain Multiplexing Solutions
5.2.5.1 Background

The DL timing for a user can be one out of 150 positions relative to the frame timing, as shown in Figure 5.2.5-1.
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Figure 5.2.5-1: DL timing positions [TS 25.211]
For a user changing from one cell to the other the DL timing as well as the UL timing of the previous cell will be inherited in the new cell, as shown in Figure 5.2.5-2.
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Figure 5.2.5-2: DL timing in a new cell when a user A is handed over from cell 1 to cell 2

5.2.5.2 Pairing of Users

In user pairing as proposed in Section 5.2.4.1 or Section 5.2.4.2 two or three users may be using the same DCH. This operation is transparent to the users, as they are configured by the RNC to use certain TF and are not aware of the paired user. The RNC is responsible for establishing paired users, and giving paired users the same frame timing. An obvious approach for the RNC to find pairable users is to configure only new users entering CELL_DCH state with a timing which is fitting an already active unpaired user. Another approach would be to perform a radio bearer reconfiguration for an already active user. We consider the latter solution to be impractical, given the associated signalling overhead for the network and the impact on user experience because of user-plane interruptions.

In the following, a quantitative analysis of the possibility to execute pairing of frame-timings is provided. The analysis is carried out for pairing of two and of three users. A pessimistic scenario where the RNC has no possibility to choose frame timings is examined first. The second scenario provides for more realism by showing the possibilities when users are emerging in a cell and can be given suitable frame timings by the RNC.

5.2.5.2.1 Pairing of Long-Lived Users

Assuming that all users in a cell have entered the cell by way of HO with random timing, the amount of users that can be paired or remain unpaired is shown in Figure 5.2.5-3. As in this scenario no new calls are placed that allow the RNC to choose an arbitrary frame timing, the ability of the RNC to create user pairings is limited to the cases where two UEs happen to have the same timing..
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Figure 5.2.5-3: amount of paired and unpaired users. Up to two users are paired.
It can be see that for e.g. 50 concurrent voice users only 6-7 pairs can be formed, while 37 users remain unpaired, leading to a wastage of half has many SF128 codes. The corresponding amount of lost SF 16 codes compared to perfect pairing is shown in Figure 4.
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Figure 5.2.5-4: amount of SF16 codes lost because of imperfect pairing, pairing of up to two users was considered
5.2.5.2.2 Pairing of Short-Lived Users

The amount of unpaired users is lower but still significant when considering a scenario where users emerge in the system, and are given frame timings matching those of yet unpaired users. In that situation users may remain unpaired, because there is an odd number of users in the system. The also may remain unpaired, because a certain percentage of users has moved into the cell from outside. The actual amount of users remaining unpaired then is shown in Figure 5.2.5-5a. For the simulation carried out an assumption was made that 25% or 50% of all users are HO users and hence could not be assigned a desired frame timing, but were given random timing. After providing those HO users with their timing, pairing was performed when still possible. 
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Figure 5.2.5-5a: amount of paired and unpaired users for bursty traffic. Up to two users may share one code. The lifetime of a user is assumed to be 2min here, while the user inter-arrival time is controlling the  mean amount of users in the system.

The same analysis for up to three users one code is shown in Figure 5.2.5-5b. 
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Figure 5.2.5-5b: amount of paired and unpaired users for bursty traffic. Up to three users share one code.

It can be seen that a large portion of users is not able to be fit into the TFM code sharing. The impact on system capacity of those unpaired users can be further illustrated by displaying the amount of free SF16 codes after pairing is performed We note that one SF16 code may carry close to 10% of the cell’s DL TP.
For the evaluation it was assumed that a R99 voice user consumes one SF128 code, while for pairing, one code allocation consumes a SF64 code. Figure 5.2.5-6a shows the amount of free codes for a HO percentage of 25%. Perfect pairing (which would require RB reconfigurations) has the same performance as R99 for up to two users sharing the same code, as is expected, and for sharing of up to three users per code improves availability of SF16 codes, compared to R99, also as expected. However when considering the pairs that can be formed without RB reconfiguration, according to Figures 5.2.5-5a and 5.2.5-5b, for TDM of two users one or more SF16 codes is lost, while TDM of three users  just matches R99 performance
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Figure 5.2.5-6a.1, 5.2.5-6a.2: 25% HO users: Perfect but unrealistic vs. imperfect but realistic pairing, for pairs holding 2 users (left), or 3 users (right)

In case of a larger HO percentage, also TDM of three users with realistic pairing leads to a loss of one SF16 code, see Figure 5.2.5-6b.
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Figure 5.2.5-6b.1, 5.2.5-6b.2: 50% HO users: Perfect but unrealistic vs. imperfect but realistic pairing, for pairs holding 2 users (left), or 3 users (right)

5.2.5.3 Pairing of Traversing Users

As users are maintaining their timing while traversing through cells, the operation of pairing may lead to a “timing contagion” in the network, or pairing may not be performed at the price of reduced codespace.

The effect of timing contagion can be best explained by an example:

Assume two users A and B are paired in a cell 1. User A may enter SHO with cell 2, while user B may enter SHO with cell 3. In case a user C in cell 2 happens to have the same tau as A, they may be paired. Otherwise the RNC will need to wait for a new user D to appear in cell 2 to be paired with A, shown in Figure 5.2.5-7. Now users D, A, B all have the same timing and may move further to new cells. 
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Figure 5.2.5-7: pairing in SHO with legacy timing
From above example we observe not only that timing contagion – after some time all users in the network may have the same timing – is a real possibility, but also that a pairing partner of a traversing user may not be available, leading to codespace shortage or to expensive RBR reconfigurations.

Timing contagion can be avoided by not pairing users entering a cell as part of a HO with new users. The penalty for doing so is the reduced available code space, further degrading the already impaired situation as described in above section.

5.2.5.4 Pairing With Extended Soft Combining Window

A solution to the availability of pairing partners is to extend the soft combining window. This allows the RNC to assign the UE a timing of its own choosing when the UE ventures into a new cell. Then the RNC can choose a timing that is suitable to already present users. As an example, in Figure 5.2.5-8 UE A is given a different timing in cell 2 to allow it being paired with UE D.
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Figure 5.2.5-8: pairing in SHO with extended SHO combining period. UE A can be paired with any available UE in cell 2.
Thus, with a

· Soft combining window of 15 slots at the UE

greatly reduced pairing complexity is available to the network, at no signalling cost, and at 100% pairing efficiency.

5.2.5.4.1 Effect of extended soft combining window on UE battery saving

From a DL interference perspective there is little difference between synchronized DL SHO links, and DL SHO links that are delayed by a considerable amount, because the repetitive decoding attempts will succeed as soon as enough energy has been gathered by the UE, regardless of whether the energy was gathered on synchronized links or not. 

It can be argued that an extended SHO window will negatively impact the DRX battery savings of the otherwise time multiplexed radio frame structure of enhanced R99. This is true, and on average of 50% reduction of the DRX cycle can be expected for about 25% of UEs in SHO, depending on the network parameterization. However, it needs to be kept in mind that without user pairing at high loads the capacity is halved, as the amount of users is limited by the availability of spreading codes. Hence, the alternative to imposing a slight reduction in DRX cycle length (where nevertheless FET is still available) is to impose a DRX cycle of 100% for some users – not letting them connect at all because of code shortage.
The design puts most requirements on the UE, even though the extended buffer requirements are mild as only despread symbols need to be stored. 

5.2.5.4.2 Effect of extended soft combining window on delay budget

The soft combining has no real impact on the voice delay budget since the proposed time extension always falls within the allotted delay budget for a voice service. 

5.2.5.4.3 Effect on UL timing

In general the UL timing is synchronous to the DL. In legacy systems, when a UE is traversing cells as the DL timing remains constant, so does the UL timing. 

With the proposed extended SHO the UE will assume a new DL timing after it has entered a new cell and is exiting SHO. This means that the UL timing needs to be adjusted, e.g. when the UE is exiting SHO or dropping the link that was the reference for the UL. An impact on higher layers can be avoided as also here the allotted delay budget for voice services is larger than the UL timing shifts.

5.2.5.5 Conclusion on user paring
Pairing of users in enhanced R99 is plagued with availability of suitable pairing partners, leading to reduction of overall capacity because of reduced code space availability. 

A solution is to extend the soft combining window. This allows the RNC to assign the UE a timing of its own choosing when the UE ventures into a new cell. Then the RNC can choose a timing that is suitable to already present users. Thus, greatly reduced pairing complexity is available to the network, at no signalling cost, and at 100% pairing efficiency.

While the UE thus receives DL transmission of two timings, it will maintain the UL timing in relation to the oldest active DL timing.

5.2.6 Code-space and UE power efficient SRB design
One of the motivating factors for the proposals on enhancements to legacy R99 DCH design is the introduction of power savings at the UE, made possible by techniques of FET and user pairing. For user pairing, two users will be time-multiplexed onto the same code resources, shortening transmission intervals to individual users. Another quoted benefit inherent to DCH and available to enhanced R99 is its robustness in HO situations, and hence its importance to the transmission of signalling radio bearers (SRBs). 

However, in the current proposal of enhanced R99 [R1-123809], FET is not applicable when SRBs are also multiplexed into the data transmissions, as explained later in this document. A somewhat different angle on bringing enhanced R99 power savings to SRB transmissions is taken in [R1-130513] where a proposal was made for investigating SRB-only DCH. Another overview of the options to transmit SRBs efficiently especially for voice services is provided in [R1-13606].

Consequently we propose to introduce an SRB design that is power efficient, inherits DCH robustness, and is applicable and beneficial to both enhanced R99 channels and HSDPA.

5.2.6.1
Shared DCH for SRB

Long lasting battery life is an important aspect in user experience, and in turn designs that enable power savings at the UE are very sought after.

Classic DCH design involves continuous transmission by the cell to the UE, whereas in time-multiplexed schemes the UE is required to listen only at defined instances, and hence can switch of receiver circuitry otherwise.

For the enhanced R99 proposal the user-pairing time-multiplexed design of voice data transmissions presented in [R1-123809] has been motivated by the possibility to allow switching off the UE every other TTI.

In a straightforward extension of this approach we propose to time-multiplex different users’ SRB transmissions onto one code resource shared by these users. Then infrequent SRB data can be statistically multiplexed, allowing for higher burst rates and UE DRX savings without affecting code space availability.

This newly designed physical channel for SRBs, the so-called shared DCH (S-DCH), shared by a number of users, would be applicable to any UMTS system and service and not limited to voice service alone. It could be applied to enhanced R99 proposals, as well as any traffic delivered utilizing HSPA radio.
5.2.6.1.1
SRB on DCH design as used since Rel’99
In UMTS, SRBs carried over DCH are taking a format described in section 6.10.2.4.1.2.2.1.1 of [TS 34.108]: SRB data is carried over the logical channel DCCH, which is multiplexed with the DTCH in the transport channel DPCH. The DPCH is the mapped onto the physical channel DPDCH. The format of the multiplexing is illustrated in Figure 5.2.6-1.
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Figure 5.2.6-1: Rel’99 DL DPCH construction for 12.2kbps speech [(adapted from Fig. A.5, [TS 25.101])
For SRBs transported on  DCH, the existing RLC/MAC structures always provide 148-bit transport blocks (see Figure 5.2.6-1, right side) for L1 processing. After channel coding the transport block’s 516 bits are fed to rate matching. The slot format design for the radio frames in the example is specified as shown in Table 5.2.6-1.
Table 5.2.6-1: Physical channel parameters [TS 25.101], section 6.10.2.4.1.4.2.2]

	DPCH Downlink
	DTX position
	Fixed

	
	Spreading factor
	128

	
	DPCCH
	Number of TFCI bits/slot
	0

	
	
	Number of TPC bits/slot
	2

	
	
	Number of Pilot bits/slot
	4

	
	DPDCH
	Number of data bits/slot
	34

	
	
	Number of data bits/frame
	510


That is, every slot carries a certain amount DPDCH data, all slots being the same.

5.2.6.1.2
Shared DCH design

We propose to introduce a new physical channel for carrying the DCCH, the shared DCH channel. For this new channel radio frames are composed of two possible slot formats: The first carries a UE identifier and data while all other slots carry only data. A UE ID in the first slot allows UEs which are not addressed to DRX for the rest of the frame. Power control information can be carried either in F-DPCH channels, or in enhanced R99 channels. TFCI information may not be necessary as there is only one valid TB size for the SRB.
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Figure 5.2.6-2: new proposed shared DCH: slot format for the first slot of the radio frame
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Figure 5.2.6-3: new proposed shared DCH: slot format for all other slots of the radio frame
As an example one may consider a UE which is configured in the downlink direction with voice user data mapped to HSDPA, and with SRBs mapped to the shared DCH described above. The shared DCH slot formats allow carrying more data than the presently defined formats for DCH carrying SRB and voice. This means that SRB can be delivered much faster, thus significantly improving latency (traditional SRB over DCH data rate is 3.4 kbps and the TTI is 40 ms, i.e. a transport block is split over 4 radio frames, the transmission can start once per 40 ms and the transmission duration is 40 ms, see Figure 5.2.6-1). In addition, the RNC can allocate more time on the S-DCH for users with high signalling need (during mobility procedures, for example), if needed, such that longer SRB payloads can be delivered in a timely manner. 

Table 5.2.6-2 show the preferred spreading factor and TTI length combinations that can be used for radio frames. Other possible combinations are shown in Table 5.2.6-3. The 148-bit transport block after encoding and rate matching could be fitted to less than 200 bits, but it may be desirable to use at least close to 400 bits to ensure good coding protection. The most attractive combinations would use 10 ms TTI for best latency and thus the most attractive combinations are SF128 and SF256 with 10 ms TTI, but the SF256 suffers from reduced coding protection. 

Table 5.2.6-2: Overview of preferred DL DPCH spreading factor and TTI length

	SF
	TTI
	L1 bits/TTI
	Comment

	128
	10 ms
	600
	All encoded bits can be sent


Table 5.2.6-3: Examples of other potential DL DPCH spreading factor and TTI length combinations

	SF
	TTI
	L1 bits/TTI
	Comment

	128
	20 ms
	1200
	Unnecessarily large

	256
	10 ms
	300
	Reduced coding protection

	256
	20 ms
	600
	All encoded bits can be sent

	512
	10 ms
	150
	TB does not fit

	512
	20 ms
	300
	Reduced coding protection

	512
	40 ms
	600
	All encoded bits can be sent


An example of the slot formats for SF128 is shown in Table 5.2.6-4 below. 

Table 5.2.6-4: DL DPCH slot format

	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Slot
	sDCH

Bits/Slot
	Transmitted slots per radio frame

NTr

	
	
	
	
	
	Ndata
	NUE_ID
	NTFCI
Ndata
	

	25
	60
	30
	128
	40
	28
	12
	0
	1

	26
	60
	30
	128
	40
	40
	0
	0
	14


Using a combination of slot formats 25 and 26 to transmit an SRB transport block, L1 processing will then dispose of 588 encoded SRB data bits and 12 UE_ID bits. Rate matching will then be adapted to provide these 588 bits, thus resulting in additional protection. This is shown in below figure 5.2.6-3b
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Figure 5.2.6-3b: SRB to physical channel mapping with S-DCH slot format

Performance considerations of the s-DCH design

In Figure 5.2.6-3c a comparison of forward error correction codes applied for data and UE ID fields of S-DCH channel in case of the UE ID field (12, 3) code is shown. The (12,3) code used is shown in Table 5.2.6-5.

Table 5.2.6-5: exemplary (12,3) code for UE ID field

[image: image36.emf]Code word No. c0 c1 c2 c3 c4 c5 c6 c7 c8 c9  c10 c11

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

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

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

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

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

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

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

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


[image: image37.emf]
Figure 5.2.6-3c: Comparison of forward error correction codes applied for data and UE_ID fields of S-DCH channel in case of UE_ID field (12, 3) code.

A FEC code gain for BLER = 0.01 is visible for the DCCH (data) field with respect to the UE ID field. Its value is approximately equal to 1 dB. This means that for equal BLER performance the UE-ID field should be power-boosted by 1 dB. Alternatively, the UE-ID field could be extended (and the data field shortened) for better coding protection at equal power as the data field. Studies show that it is possible to use the full first slot for the UE-ID and only the remaining 14 slots for data, without really affecting the BLER for the data. 

5.2.6.1.3
Shared DCH for HSPA

When mapping SRBs to DCH while data is transported by HSPA channels, the system’s architecture will be as follows:
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Figure 5.2.6-4: System architechture when configuring HSDPA with SRBs on S-DCH

It is noted that the S-DCH could be introduced also formally as a new transport or physical channel.

5.2.6.1.4
Shared DCH for HSPA with CPC

In Rel 7 discontinuous reception and transmission (DRX and DTX) was introduced as part of the CPC package. The benefits as reported in [TR 25.903] lie in the reduced UE battery consumption and larger system capacity. DRX/DTX and circuit switched always-on DCH are mutually exclusive.  The shared DCH however can be easily combined with DRX and DTX. 

We recall that as laid out in [TS 25.214], section 6C, in DRX the UE needs to monitor only every n-th subframe the HS-SCCH and a few other channels in order to detect new transmissions and keep track of the active set, see section 6C.3 in the same document. The DRX duty cycle is configured by the RNC, even though the nodeB may de-activate DRX usage by means of HS-SCCH orders. 

For transmitting the SRBs on S-DCH while DRX is enabled we note that the RNC is already aware of the DRX duty cycles and simply needs to address the UE only when it is listening. Likewise, the UE also needs to decode the S-DCH when awake.

5.2.6.1.5
Shared DCH for enhanced R99

For the proposed enhanced R99 design as show in Figure 5.2.6-5, DPDCH FET cannot be carried out in all cases if SRB data is present. The reason is that DTCH and DCCH (which carries the SRB) are interleaved in the DPDCH: Terminating the DPDCH transmission would also leave DCCH bits untransmitted. Thus terminating the DPDCH with FET can be done only if also DCCH has been successfully received as well. This is the background of the proposal of [R1-123809] to introduce in-band signalling of the presence of the DCCH.
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Figure 5.2.6-5: (Fig. 6 of [R1-123809])
The benefit of the new shared DCH is thus not only in bringing time multiplexing battery savings for DCH based SRBs, but also in that it frees the enhanced R99 DPCH from the need to carry SRB data. Then inband signalling for the presence of the DCCH can be omitted, and FET can be applied consistently. When using this configuration, the system’s architecture will be as follows:
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Figure 5.2.6-6: System architechture when configuring enhanced Rel'99 with SRB on S-DCH


[---------------------------------------------------------------- TEXT END --------------------------------------------------------------]

3
Conclusions

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