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3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

BE
Best Effort

BLER
Block Erasure Rate
DCH 
Dedicated Channel
ET
Early Termination

ETI
Early Termination Indicator

FET
Frame Early Termination

S-DCH
Shared Dedicated Channel
TPC CER
Transmit Power Control Command Error Rate

<----------------------------------------------------- next affected clause ----------------------------------------------------->
4
DCH enhancements

4.1
UpLink (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 (CS) 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, changes to TPC rate to accommodate ACK signalling, or compression/repetition in UL.  In the following, solutions are presented that incorporate these modifications to improve UL DPCH performance.
4.1.1
UL Frame Early Termination (FET)
4.1.1.1
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 clause.
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.

4.1.1.1.1
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 4.1.1.1.1‑1, 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 SIR target at the Node-B 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 4.1.1.1.1-1: OLPC and multiple decoding attempts

For example, Figure 4.1.1.1.1-1 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 4.1.1.1.1-1describes when OLPC is updated under different scenarios.

Table 4.1.1.1.1-1: 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


4.1.1.1.2
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 4.1.1.1.2-1.  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 specification 3GPP TS 25.212 [4].
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Figure 4.1.1.1.2-1: UL DTCH packet repetition at MAC layer

4.1.1.2
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 4.1.1.2-1 shows an example of the early termination flow. As seen, the BS performs some decoding attempts and got a successful decoding. It then informs UE to stop remaining transmission by sending ACKs.
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Figure 4.1.1.2-1: An example of UL data transmission with Early Termination (ET)
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 4.1.1.2-2, UE stops UL DPCCH transmission from slot 18 to slot 26. The period is called ET gap.
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Figure 4.1.1.2-2: An example of ET Gap

4.1.1.2.1
Encoding procedure of UL Early Termination (ET)
An example of modified encoding procedure for CS links to facilitate early termination is illustrated in Figure 4.1.1.2.1‑1. The details of each block are described in the following subclauses.
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Figure 4.1.1.2.1-1: Block diagram of UL encoding procedure

4.1.1.2.2
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 4.1.1.2.2-1.

Table 4.1.1.2.2-1: 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.

4.1.1.2.3
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 new 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 bits to be transmitted), CRC is not attached due to TFCI-based transmission. It is noted that TFCI early decoding has to be implemented in Node-B to realize early termination.

4.1.1.2.4
Channel coding

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

4.1.1.2.5
Rate matching and interleaving

Rate matching and interleaving mechanisms are modified and are illustrated in Figure 4.1.1.2.5-1. 
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 4.1.1.2.5-1: Rate matching and interleaving

4.1.1.2.6
Physical channel mapping

This follows the original R99 procedure including modulation and spreading.

4.1.1.2.7
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 4.1.1.2.7-1 shows an example of the early termination flow. As seen, the BS performs some decoding attempts and got a successful decoding. It then informs UE to stop remaining transmission by sending ACKs.
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Figure 4.1.1.2.7-1: Example of UL data transmission with Early Termination (ET)
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 a 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.

<----------------------------------------------------- next affected clause ----------------------------------------------------->
4.1.3
UL ACK indication for DL frame Early Termination (ET)

4.1.3.1
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 Figure 4.1.3.1-1. With the DL enhancement of 2-user TDM as described in clause 4.2.2, 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 4.1.3.1-1: New UL control channel (FET-DPCCH)

4.1.3.2
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 DPCCH.  
To this end, the new uplink DPCCH format described in clause 4.1.2.3 is used as depicted in Figure 4.1.3.2-1. 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 4.1.3.2-1: Frame structure for new uplink DPCCH

The relationship between the ACK pattern and FET ACK/NACK indication is presented in Table 4.1.3.2-2.

Table 4.1.3.2-2: 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 4.1.3.2-2.
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Figure 4.1.3.2-2: 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 4.1.3.2-3 (same as the Table 15A of 3GPP TS 25.212 [4]). The code words of the (20, 7) code are a linear combination of the basis sequences denoted Mi,n defined in the Table 4.1.3.2-4 (same as the Table 15C of [4]) 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 4.1.3.2-3: 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 4.1.3.2-4: 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


<----------------------------------------------------- next affected clause ----------------------------------------------------->
4.2.1.2.9
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 4.2.1.2.9-1, BS stops UL DPCCH transmission from slot 19 to slot 26. The period is called ET gap.
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Figure 4.2.1.2.9-1: Example of DL data transmission with early termination

4.2.1.2.10
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, UE tries every possible TFC candidates at each decoding attempt. 
Note that DL ET is also feasible for TFCI-based transmission. 

<----------------------------------------------------- next affected clause ----------------------------------------------------->
4.2.5
Considerations of frame timing for DPCH Time Domain Multiplexing solutions
4.2.5.1
Background

The DL timing for a user can be one out of 150 positions relative to the frame timing, as shown in Figure 4.2.5-1.
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Figure 4.2.5-1: DL timing positions (3GPP TS 25.211 [15])

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 4.2.5-2.
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Figure 4.2.5-2: DL timing in a new cell when a user A is handed over from cell 1 to cell 2

<----------------------------------------------------- next affected clause ----------------------------------------------------->
7
Voice over HSPA (VoHSPA)
7.1
General overview of CS VoHSPA
In VoHSPA, a feature available as part of Rel-7, CS voice services are made available on top of packet-switched HSPA. The ability to share the same resources with PS data traffic and the greater link efficiency of HSDPA compared to R99 then directly translates to increased voice user capacity in the downlink. 

The basic operation of VoHSPA only requires (in addition to HSDPA and HSUPA) a de-jitter buffer in the RNC and UE. In addition, a number of HSPA-related techniques can be applied to guarantee mobility robustness, and benefit from battery saving and capacity gains with VoHSPA: 

· CPC (DTX, DRX) (reducing interference in the uplink, saving UE battery time)

· Enhanced F-DPCH (removal of code limitations)

· SRB over HS & E-UL (advantages of HSPA also for SRB)

· HS-SCCH less operation (control overhead for small packets)

· Enhanced Serving Cell Change (eSCC), (faster and more robust HO)

· QoS Aware Scheduler 

· Bi-Casting (shorter voice interruption at times of serving cell change)

· RLC Duplicate Packet Detection for RLC UM (enabling the implementation of bi-casting in the UTRAN)

· Dynamic transition to 10ms TTI in the uplink (enhancing coverage)

To meet the stringent requirements of voice services and to ensure robustness, advanced UE receivers are required for VoHSPA. However, UE receiver performance improvements defined and implemented for HSDPA traffic can also be used for voice services when voice is delivered with HSDPA radio.

7.2
VoHSPA details

7.2.1
Serving Cell Change (SCC), enhanced SCC, and Node-B-terminated bicasting

Some concerns have been expressed on CS VoHSPA potentially presenting reliability problems for call maintenance during Serving Cell Change (SCC) procedure. In "Enhanced HSDPA Mobility Performance: Quality and Robustness for VoIP Service", Qualcomm Inc. [3], it is shown that robustness issues during SCC may arise in extreme mobility scenarios, such as urban canyon (Manhattan grid).

In extreme radio conditions where the serving link deteriorates very fast the user plane connectivity may be affected as the link adaptation may not react fast enough to maintain the target BLER, or because of the interruption in link connectivity that may occur during a SCC. In the worst case the link will deteriorate so fast that the RNC can no longer communicate to the UE a new target cell via RRC messages over the original link as part of the SCC. Thus, in the above described scenario there is a higher risk of voice interruptions or call drops.

One approach to tackle these two issues of call drop and user plane interruption is to fine-tune the parameters to accelerate the execution of the SCC procedure. In this case, a trade-off can be observed: If the network is parameterized to react to rapidly-changing channel conditions, it will be able to cope with the degradation of the CPICH Ec/No of the serving cell in urban canyon environments. However, in macro cell environments, there will be an increased risk of a ping-pong handover effect.

Alternatively, the network can perform an enhanced serving cell change (eSCC), which has been standardized in Rel-8 and is described in 3GPP TS 25.308 [12]. The eSCC procedure features the concept of target cell pre-configuration, which adds robustness to the HS-DSCH SCC procedure by allowing the network to send the HS-DSCH SCC command over the source cell as an RRC message and/or over the target cell as an HS-SCCH order.

Yet another technique to reduce the amount of lost packets is to bicast the voice packets from the RNC to the source and target cells during the SCC procedure. With bicasting the UE will still receive the packets only from one cell at a time, but the availability of the data immediately prior to the switch in the source cell and immediately after the switch in the target cell is ensured.

As shown in "Enhanced HSDPA Mobility Performance: Quality and Robustness for VoIP Service", Qualcomm Inc. [3], the above approaches and their combination lead to almost gapless and error-free voice connectivity during a serving cell change.

7.2.2
Mobility

The DCH enhancements discussed in clause 4 are intended to build on the well-established Voice over DCH technology. The main advantage is an increased capacity whilst maintaining the robustness advantages of soft handover.

For HSPA, there are a number of ways to address the robustness in mobility to achieve a near-error free performance.

In addition to the established and well researched techniques, the introduction of Multiflow has opened the door to bringing even larger robustness for voice services as shown in [13]: 

Call drop: With Multiflow+SRB, the concept of the Serving Cell Change (SCC) involves only reconfiguring already established links. Hence, a call drop can be made very improbable, just as in R99 SHO. Bicasting can also be applied for SRBs with Multiflow as well.

User plane connectivity: In Multiflow, a large number of options exist to manage user plane connectivity during SCC, e.g.: 

· plain Multiflow RNC-based selection of the better link, 

· active buffer management of the cells when one link becomes unavailable, 

· Node-B- or UE-terminated bicasting,

· hybrid versions of the above. 

It is possible to bring about a "graceful handover" of an active voice connection. At first, a Multiflow link is established to the target, but data continues to be routed only over the source. Eventually, the voice data will be bicasted through both links, and finally only through the target. Such an approach allows for a way to balance robustness versus link efficiency.

7.2.3
Capacity

Voice over HSPA (VoHSPA ) capacity was evaluated in the Rel-7 "Continuous Connectivity for Packet Data Users" study item, from which the uplink DTX, downlink DRX, new DL slot format and HS-SCCH less HSDPA transmission were adopted to Rel-7 specifications. The evaluation results are documented in 3GPP TR 25.903 [10] clauses 4.2.2.4.4 and 4.8.2.3 respectively for uplink and downlink.

<----------------------------------------------------- next affected clause ----------------------------------------------------->
8.2
Simulation assumptions for voice over R99 and DCH enhancements

Four representative solutions are evaluated in this study. The solutions studied are differentiated by the physical layer changes needed to support the enhancements, as described in Table 8.2 below. 

Table 8.2: Representative FET designs evaluated in this study

	DCH Enhancements
	Solution 1
	Solution 2
	Solution 3
	Solution 4

	4.1.1 UL Frame Early Termination
	Option 1
	Option 2
	Option 1
	Option 2

	4.1.2 UL DPCCH Slot Format Optimization
	Option 1
	Option 2
	Option 1
	Option 2

	4.1.3 UL ACK Indication for DL Frame Early Termination
	Option 1
	Option 3
	Option 1
	Option 3

	4.2.1 DL Frame Early Termination 
	Option 1
	Option 2
	Option 3
	Option 2

	4.2.2 DL DPCCH Slot Format Optimization
	Option 1
	Option 2
	Option 1
	Option 2

	4.2.3 DL ACK Indication for UL Frame Early Termination
	Option 1 or 2
	Option 3
	Option 1 or 2
	Option 3

	4.2.4 DPCH Time Domain Multiplexing
	Option 1
	Option 2
	No
	No


<----------------------------------------------------- next affected clause ----------------------------------------------------->
10
System evaluation results

10.1
System evaluation results: Downlink, Solutions 1 and 3
This clause presents system evaluation of downlink DCH enhancements described as ‘Solution 1' and ‘Solution 3' in clause 8. Perfect UE pairing has been assumed in the case of the TDM Solution 1.
10.1.1
Average cell throughput vs. number of voice users per cell

Here we show the performance of HSDPA BE UE performance under mixed CS voice and BE UE scenario. 
Both Solution 1 and Solution 3 are compared against R99, with throughput gain summarized in Table 10.1-1.

[image: image19.emf]
Figure 10.1-1: BE UE cell throughput with AMR 12.2 kbps CS voice UE, PA3  

[image: image21.emf]
Figure 10.1-2: BE UE cell throughput with AMR 12.2 kbps CS voice UE, VA30

Table 10.1-1: BE (HSDPA) UE Throughput Gain Summary

	Voice UE #
	PedA 3km/h
	VehA 30km/h

	
	Solution 1
	Solution3
	Solution 1
	Solution3

	8
	0.58%
	4.28%
	3.02%
	4.42%

	16
	2.22%
	9.81%
	7.37%
	9.24%

	24
	5.79%
	21.62%
	13.42%
	17.27%

	32
	20.47%
	50.34%
	25.73%
	30.67%

	40
	71.10%
	144.16%
	45.97%
	50.55%

	48
	Inf
	Inf
	111.61%
	126.86%


10.1.2
Average Tx Ec/Ior per cell used by CS voice and BE users

Voice users Tx Ec/Ior is listed in in Table 10.1-2, for R99, DCH Enhancement Solution 1 and Solution 3. 

The averaged Tx Ec/Ior per cell used by HSDPA is decreasing with more voice users, as shown in Table10.1-2. 
And with more DCH enhancement voice users, the relative gain for the HSDPA Tx Ec/Ior is increasing, due to more available power left to transmit HSDPA data. This explains that DCH enhancement can effectively bring up the HSDPA BE UE throughput, as indicated by Table 10.1-1.
Table 10.1-2: Voice User Tx Ec/Ior

	Voice UE #
	PA3
	VA30

	
	R99
	Solution 1
	Solution 3
	R99
	Solution 1
	Solution 3

	8
	13.75%
	9.90%
	7.02%
	11.51%
	6.99%
	6.04%

	16
	26.12%
	18.77%
	13.51%
	22.14%
	13.42%
	11.48%

	24
	38.96%
	27.96%
	20.01%
	32.65%
	19.73%
	16.91%

	32
	54.52%
	38.75%
	27.89%
	45.60%
	27.47%
	22.34%

	40
	67.66%
	47.67%
	34.20%
	56.39%
	33.93%
	27.77%

	48
	80.00%
	58.77%
	41.21%
	67.70%
	40.77%
	33.20%


Table 10.1-3: BE (HSDPA) User Tx Ec/Ior

	Voice UE #
	PA3
	VA30

	
	R99
	Solution 1
	Solution 3
	R99
	Solution 1
	Solution 3

	8
	65.95%
	69.05%
	72.93%
	68.33%
	72.50%
	73.76%

	16
	53.39%
	59.53%
	65.86%
	57.59%
	65.74%
	68.20%

	24
	40.38%
	49.78%
	59.13%
	46.98%
	59.14%
	62.64%

	32
	24.70%
	38.47%
	50.99%
	33.92%
	51.13%
	57.08%

	40
	11.61%
	29.27%
	44.57%
	23.05%
	44.49%
	51.52%

	48
	0.00%
	18.01%
	37.37%
	11.66%
	37.43%
	45.95%


10.1.3
Percentages of voice users with active set size of 1,2,3

Table 10.1-4 shows the statistics of the active set sizes for different numbers of voice users.

Table 10.1-4: Active set size statistics

	Active Set Size #
	1
	2
	3

	Voice UE #
	8
	54.90%
	24.93%
	20.18%

	
	16
	55.44%
	24.65%
	19.91%

	
	24
	55.36%
	25.25%
	19.39%

	
	32
	55.95%
	24.93%
	19.13%

	
	40
	55.54%
	25.36%
	19.10%

	
	48
	55.33%
	25.54%
	19.13%


10.1.4
Percentage of voice users with BLER > 3%

The outage performance is defined as the percentage of voice users with BLER over 3%. It is observed that for both R99 and DCH Enhancement, the outage is limited, except that for R99 with 48 voice UEs where voice power reaches the upper bound of available Ec/Ior. For VA30, the outage was not detectable.

Table 10.1-5: Outage User Percentage

	Voice UE #
	PA3
	VA30

	
	R99
	Solution 1
	Solution 3
	R99
	Solution 1
	Solution 3 

	8
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	16
	0.00%
	0.11%
	1.10%
	0.00%
	0.00%
	0.00%

	24
	0.07%
	0.07%
	0.73%
	0.00%
	0.00%
	0.00%

	32
	0.11%
	0.11%
	0.77%
	0.00%
	0.00%
	0.00%

	40
	0.13%
	0.31%
	1.23%
	0.00%
	0.00%
	0.00%

	48
	97.88%
	1.43%
	0.80%
	0.00%
	0.00%
	0.00%


10.2
System evaluation results: Downlink, Solutions 2 and 4

This clause presents system evaluation of downlink DCH enhancements described as ‘Solution 2' and ‘Solution 4' in clause 8. For better understanding, "E-WCDMA with TDM" stands for "Solution 2" and "E-WCDMA" stands for "Solution 4" in this clause. Perfect UE pairing has been assumed in the case of the TDM Solution 2. Based on the simulation settings listed in clause 8, the percentage of voice users with active set size of 1, 2 and 3 is listed in Table 10.2-1.

Table 10.2-1: Percentage of voice users with active set size of 1, 2 and 3

	Active Set Size
	Percentage (%)

	1
	54.17

	2
	25.29

	3
	20.54


Figure 10.2-1 and Figure 10.2-2 show the results of average cell throughput with different numbers of voice users per cell for legacy R99 system, E-WCDMA and E-WCDMA with TDM. The calculation of HSDPA throughput is based on the simplified simulation methodology for HSPA throughput model in clause 8. As seen in the figures, the HSDPA throughput of E-WCDMA with TDM is highest when the number of voice users per cell is larger than eight.
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Figure 10.2-1: HSDPA throughput v.s. Number of voice users per cell for 
legacy R99, E-WCDMA and E-WCDMA with TDM in PA3
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Figure 10.2-2: HSDPA throughput v.s. Number of voice users per cell for 
legacy R99, E-WCDMA and E-WCDMA with TDM in VA30

Table 10.2-2: BE (HSDPA) UE throughput gain summary

	Voice UE #
	PedA 3km/h
	VehA 30km/h

	
	E-WCDMA
	E-WCDMA with TDM
	E-WCDMA
	E-WCDMA with TDM

	8
	6.21%
	5.88%
	5.19%
	4.74%

	16
	15.31%
	18.65%
	11.61%
	15.41%

	24
	29.48%
	34.37%
	22.41%
	26.50%

	32
	61.56%
	79.29%
	34.08%
	49.65%

	40
	176.41%
	236.54%
	56.17%
	82.34%

	48
	1828.30%
	2299.64%
	139.43%
	192.47%


The Tx Ec/Ior per cell used by voice users in PA3 and VA30 are shown in Figure 10.2-3 and Figure 10.2-4. As seen in the figures, there is a loss in Tx Ec/Ior used by voice users in E-WCDMA with TDM when compared with those of E-WCDMA. However, Table 10.2-3 presents that more SF-16 codes can be saved for HSDPA when TDM is introduced. Due to more effective usage of code resouce, the throughput in E-WCDMA with TDM is higher when the number of voice users per cell is lager than eight.
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Figure 10.2-3: Tx Ec/Ior per cell used by voice users in PA3
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Figure 10.2-4: Tx Ec/Ior per cell used by voice users in VA30
Table 10.2-3: Available SF-16 OVSF code for HSDPA

	Number of voice users per cell
	E-WCDMA
	E-WCDMA with TDM

	
	PA3 / VA30
	PA3 / VA30

	8
	13
	13

	16
	11
	12

	24
	10
	11

	32
	8
	10

	40
	7
	9

	48
	5 available SF-16 OVSF code

 for HSDPA user
	8


In addition, the percentage of voice users with BLER larger than 3% is also provded in Table 10.2-4. 
It can be observed from the table, compared with legacy R99, the outage performance is much better in E-WCDMA with TDM when the number of voice users per cell is large.
Table 10.2-4: Outage performance for voice users

	Fader Models
	Number of voice users

 per cell
	8
	16
	24
	32
	40
	48

	PA3
	Legacy R99
	0.07%
	0.00%
	0.00%
	0.11%
	2.12%
	23.17%

	
	E-WCDMA
	0.00%
	0.00%
	0.10%
	0.00%
	0.00%
	0.01%

	
	E-WCDMA + TDM
	0.00%
	0.07%
	0.02%
	0.07%
	0.12%
	0.02%

	VA30
	Legacy R99
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.04%

	
	E-WCDMA
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	
	E-WCDMA + TDM
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%


The power reduction gain of average power used by voice users is listed in Table 10.2-5. Compared with legacy R99, the average power reduction gains in E-WCDMA are 3.66 dB and 3.60 dB for PA3 and VA30, respectively. 
And in E-WCDMA with TDM, the gains are 3.41 dB and 3.32 dB for PA3 and VA30, respectively.

Table 10.2-5: Power reduction gain of average power used by voice users in 
E-WCDMA and E-WCDMA with TDM
	Power Reduction Gains (dB)

	Number of voice users

 per cell
	E-WCDMA
	E-WCDMA with TDM

	
	PA3
	VA30
	PA3
	VA30

	8
	3.72
	3.87
	3.42
	3.42

	16
	3.81
	3.63
	3.39
	3.21

	24
	3.80
	3.50
	3.57
	3.36

	32
	3.72
	3.51
	3.65
	3.33

	40
	3.64
	3.56
	3.41
	3.29

	48
	3.27
	3.51
	3.04
	3.32


<----------------------------------------------------- next affected clause ----------------------------------------------------->
10.4
System evaluation results: Uplink, Solution 1
This clause presents system evaluation of uplink DCH enhancements described as ‘Solution 1' in clause 8. 

10.4.1
Average cell throughput vs. number of voice users per cell

Figures 10.4-1, 10.4-2 provide system performance results for HSUPA BE UE throughput, with given number of R99 CS voice UEs or DCH Enhancement CS voice UEs. There is a significant increase in the BE UE throughput with DCH Enhancement voice, as compared with legacy R99 voice. Throughput gain are summarized in Table 10.4-1.
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Figure 10.4-1: HSUPA cell throughput with AMR12.2K CS voice, PA3  
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Figure 10.4-2: HSUPA cell throughput with AMR12.2K CS voice, VA30

Table 10.4-1: Throughput Gain Summary – AMR 12.2 kbps voice

	Voice UE Number
	8
	16
	24
	32
	40
	48

	PA3
	8.30%
	20.72%
	38.12%
	61.66%
	100.56%
	182.57%

	VA30
	11.04%
	27.11%
	53.53%
	104.92%
	283.02%
	4420.30%


<----------------------------------------------------- next affected clause ----------------------------------------------------->
13
Conclusion

A detailed link and system study on DCH enhancements was carried out and promising gains were observed both in terms of user throughput when a mix of CS voice and HS users were considered, and also in terms of voice capacity. 

The following DCH enhancements were proposed and evaluated in the study:

· DL Physical Layer Enhancements

· DL DPCCH Slot Format Optimization
· DL DPDCH Frame Early Termination

· DL ACK Indicator design for UL FET

· DPCH Time Domain Multiplexing
· Reduced power control rate schemes

· Node B DTX/UE DRX Mechanisms

· UL Physical Layer Enhancements

· UL DPCCH Slot Format Optimization
· UL Frame Early Termination
· UL ACK Indication for DL Frame Early Termination
· DTCH/DCCH time compression
· Reduced power control rate schemes

· UE DTX/Node B DRX mechanisms

For each of the above physical layer enhancements, one or more design options were proposed during the study, and different combinations of these options lead to different designs and performance of DCH Enhancements. 

In order to evaluate performance of DCH Enhancements, four solutions which incorporated some or all of the enhancements were proposed. The solutions are differentiated by the physical layer changes needed to support the enhancements, as described in Table 8.2 and is also shown below. The evaluation results of these 4 solutions are used as representatives of the performance for all the FET designs proposed in this study. 

Table 13-1: Representative FET designs evaluated in this study

	DCH Enhancements
	Solution 1
	Solution 2
	Solution 3
	Solution 4

	4.1.1 UL Frame Early Termination
	Option 1
	Option 2
	Option 1
	Option 2

	4.1.2 UL DPCCH Slot Format Optimization
	Option 1
	Option 2
	Option 1
	Option 2

	4.1.3 UL ACK Indication for DL Frame Early Termination
	Option 1
	Option 3
	Option 1
	Option 3

	4.2.1 DL Frame Early Termination 
	Option 1
	Option 2
	Option 3
	Option 2

	4.2.2 DL DPCCH Slot Format Optimization
	Option 1
	Option 2
	Option 1
	Option 2

	4.2.3 DL ACK Indication for UL Frame Early Termination
	Option 1 or 2
	Option 3
	Option 1 or 2
	Option 3

	4.2.4 DPCH Time Domain Multiplexing
	Option 1
	Option 2
	No
	No
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