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1
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 4, 5, 8 and 9 on the descriptions of DCH Enhancements and the various simulation assumptions. This is a merged version of QC’s, ZTE’s, and Mediatek’s contributions to RAN1#72bis. 
2
Text Proposal

[------------------------------------------------------------- TEXT START --------------------------------------------------------------]

4
Motivation and Principles
All commercial UMTS deployments currently use Release-99 as the physical layer for voice traffic. Improving the link-efficiency of this physical layer allows the same number of voice calls to be carried on a smaller fraction of the system resources (power and OVSF codes on downlink, and RoT on uplink). The resulting freed-up resources enable increasing the system data throughput.

Frame early termination (FET) is a simple principle used to exploit the excess SNR inherent in any power-controlled system such as Release-99 DCH. The excess SNR allows the packet to be decoded prior to its complete reception. By sending an acknowledgment upon successful early decoding, the receiver can instruct the transmitter to stop the transmission until the next packet, thus reducing the inter-cell and intra-cell interference caused by the transmissions, and saving on transmit power. The probability of successful decoding at earlier attempts can be increased by techniques such as TTI reduction and targeting BLER at an earlier decoding attempt. FET also creates DTX and DRX opportunities at the UE, which enable UE current consumption savings.

On the downlink, another simple scheme that contributes to link efficiency improvement is the elimination of the DPCCH pilot overhead. As shown in Figure 5 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.
5
DCH Enhancements

5.1
Uplink Physical Layer Enhancements

5.1.1 Uplink DPCH Slot Format Optimization

5.1.1.1 TFCI-free slot format
The uplink DPCH (UL Dedicated Physical Channel) consists of UL DPDCH (Dedicated Physical Data Channel) and UL DPCCH (Dedicated Physical Control Channel). UL DPDCH and UL DPCCH are I/Q code multiplexed. TFCI field occupies considerable ratio of UL DPCCH( 20% in normal mode and 30 or 40% in compressed mode). Given a fixed number of DPCCH bits, the TFCI field competes with the Pilot field, which is commonly used for channel estimation and SINR estimation at the uplink receiver. Therefore, it is possible to further optimize the uplink DPCH slot format to improve the efficiency of data transmission. 

Non-TFCI based transmission is one of the possible methods to achieve the above goal. Without the TFCI field in UL DPCCH, the uplink receiver must support blind-transport format detection (BTFD) for low rate services such as AMR speech. For commonly used 12.2kbps AMR speech services, the number of TFC candidates is 6, which eases BTFD with minor modification in uplink receiver design.

Slot format #1 is suggested to be used by UL DPCCH for both normal mode and compressed mode instead of slot format #0, 0A and 0B. For CLTD mode, Slot format #3 is suggested to be used by UL DPCCH for both normal mode and compressed mode instead of slot format #2, 2A and 2B, as illustrated in Table 5.1.1.1-1.
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Table 5.1.1.1-1: The UL DPCCH slot format
5.1.1.2 TDM of TFCI and FET ACK

To support the downlink FET ACK, a new uplink DPCCH format is investigated, as depicted in Figure 5.1.1.2-1. The TFCI information and the FET ACK/NACK indication are transmitted in a TDM manner within a 20ms TTI, where the TFCI is transmitted in the first 7 slots while the FET ACK/NACK indication is transmitted in the remaining slots.
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Figure 5.1.1.2-1: Frame structure for new uplink DPCCH

For this new uplink DPCCH format, the existing DPCCH slot format #0A in the Table 2 of [25.211] could be reused, except that the TFCI and the FET ACK are sharing the same field and that the transmitted slots per radio frame are extended to 15. The DPCCH fields for the new uplink DPCCH is re-captured in Table 5.1.1.2-1.

Table 5.1.1.2-1: 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


The relationship between the ACK pattern and FET ACK/NACK indication is presented in Table 5.1.1.2-2.

Table 5.1.1.2-2: ACK bit pattern for DPCCH
	ACK bit pattern
	FET ACK/NACK indication

	111
	ACK

	000
	NACK


The TFCI is encoded using a (20, 7) code. The coding procedure is as shown in Figure 5.1.1.2-2.
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Figure 5.1.1.2-2: Channel coding of TFCI information bits

The code words of the (20, 7) code are a linear combination of the basis sequences denoted Mi,n defined in the Table 5.1.1.2-3 (same as the Table 15C of [25.212]) for
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The TFCI information bits a0, a1, a2, a3, a4, a5, a6 (where a0 is LSB and a6 is MSB) correspond to the TFC index (expressed in unsigned binary form) defined by the RRC layer to reference the TFC of the CCTrCH in the associated DPCH radio frame.
The output code word bits bi are given by: 
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where i = 0, …, 19, and b20 = 0.

Table 5.1.1.2-3: 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


5.1.2 Uplink Transmit Power Control Rate Optimization

In current UMTS network both UL TPC and DL TPC are mostly operating at 1500Hz (UL PCA1 and DL DPC0), with 1-slot round trip delay for DL TPC and 2-slot round trip delay for UL TPC. However, frequent transmit power update is sometimes harmful to the system due to unreliable SNR estimation and frequent overshooting effects. One remedy is to reduce uplink TPC rate to 750Hz, so that the transmit power is updated every 2 slots. Since there are 15 slots in one radio frame, the alignment of power update periods are done every two frames, and the first update time aligns with the pilot field in the first slot of the first frame of DTCH TTI. Another remedy is dynamic UL TPC, i.e. the terminal reduces the frequency of UL transmit power updates by ignoring the TPC commands transmitted at some predefined slots.

The detailed control of UL TPC depends on the position of TPC field in DL DPCH slot. In Section 5.2.1.1, TPC positions are changed in some proposed new slot formats for DPCH slot formation optimization. For DL DPCH slot format #8 and the proposed new slot format #17, #18, the TPC field in DL DPCH is in the beginning of a slot, while for the proposed new slot format #19 and #20, the TPC field in DL DPCH is in the end of a slot. The details are described in the following sub-clauses.

5.1.2.1 UL TPC Rate Optimatization with DL DPCH Slot Format #8/#17/#18
Figure 5.1.2.1-1 illustrates the UL TPC loop operating at 750Hz based on DL slot format #8/17/18 (as proposed in Section 5.2.1.1) and UL slot format #0. As seen, the base station may estimates the quality of the pilot fields in UL slot #13 (and slot #12 for some reason), and sends its TPC command on DL slot#0. Then the terminal updates its transmit power on pilot field of UL slot#0. In this case, the TPC field of DL slot#14 can be reserved for further usage (e.g. for indication of uplink frame early termination). The estimated overall round trip delay for the 750Hz UL TPC is now 3 slots, and the estimation quality is expected to be improved due to the 2-slot time diversity.
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Figure 5.1.2.1-1: Illustration of UL TPC at 750Hz (DL DPCH slot format#8 and UL DPCCH slot format#0)

Figure 5.1.2.1-2 illustrates the dynamic UL TPC loop based on DL slot format #8/17/18 (as proposed in Section 5.2.1.1) and UL slot format #0. As seen, the design of dynamic UL TPC is based on the configured pattern of reserved slots every DTCH TTI. The terminal shall ignore the commands on TPC fields of those reserved slots in UL TPC processing. An example pattern of reserved slots can be set as slot #11, #13, #15,…,#25 in one DTCH TTI. In this case, the TPC fields in these slots are reserved for indication of uplink frame early termination. The terminal will not adjust the UL DPCH transmit power at slot #11, #13, #15,…,#25. 
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Figure 5.1.2.1-2: Illustration of dynamic UL TPC (DL DPCH slot format#8 and UL DPCCH slot format#0)

5.1.2.2 UL TPC Rate Optimatization with DL DPCH Slot Format #19/#20

Figure 5.1.2.2-1 illustrates the UL TPC loop operating at 750Hz based on DL slot format #19/20 (as proposed in Section 5.2.1.1) and UL slot format #0.  As seen, the base station may estimates the quality of the pilot fields in UL slot #13 (and slot #12 for some reason), and sends its TPC command on DL slot#14. Then the terminal updates its transmit power on pilot field of UL slot#0. In this case, the TPC field of DL slot#13 can be reserved for further usage (e.g. for indication of uplink frame early termination). The estimated overall round trip delay for the 750Hz UL TPC is now 3 slots, and the estimation quality is expected to be improved due to the 2-slot time diversity.
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Figure 5.1.2.2-1: Illustration of UL TPC at 750Hz (DL DPCH slot format#20 and UL DPCCH slot format#0)

Figure 5.1.2.2-2 illustrates the dynamic UL TPC loop based on DL slot format #19/20 (as proposed in Section 5.2.1.1) and UL slot format #0. As seen, the design of dynamic UL TPC is based on the configured pattern of reserved slots per DTCH TTI. The terminal shall ignore the commands on TPC fields of those reserved slots in UL TPC processing. An example pattern of reserved slots can be set as slot #11, #13, #15,…,#25 in one DTCH TTI. In this case, the TPC fields in these slots are reserved for indication of uplink frame early termination. The terminal will not adjust the UL DPCH transmit power at slot #12, #14, #16,…,#26. 
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Figure 5.1.2.2-2: Illustration of dynamic UL TPC (DL DPCH slot format#20 and UL DPCCH slot format#0)

5.1.3 Uplink Frame Early Termination (FET)
5.1.3.1 UL FET - Remedy 1UL FET allows for termination of UL transmission and reception upon successful decoding of UL transport block at Node-B.  The Node-B receiver attempts to decode UL transport block at multiple occasions within each TTI, prior to complete reception of the transport block. Upon successful decoding, 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 can be also be terminated. 
5.1.3.1.1 Uplink DTCH/DCCH Compression and Repetition at MAC layer

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 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 5.1.3.1-1: UL DTCH Packet Repetition at MAC Layer

5.1.3.1.2 UL DPCCH Enhancements
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 any more, 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 2 and 3. Slot format 5 is designed to maintain ILPC timeline when dedicated pilots in DL DPCCH channel are removed as part of the proposed DL DPCCH enhancement for overhead optimization.
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Figure 5.1.3.1.2-1: Extra slot of ILPC delay caused by TPC-based DL SIR measurement
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Figure 5.1.3.1.2-2: New UL DPCCH slot-format 5 and its use in achieving 1 slot DL ILPC delay.

5.1. 3.1.3 UL FET Control Channel (FET-DPCCH)
The FET-DPCCH is a new UL channel that re-uses 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 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 ACK signal. This is illustrated in Figure 4. 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 5.1.3.1.3-1: New UL control channel (FET-DPCCH)
5.1.3.2 UL FET - Remedy 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.
5.1.3.2.1    Encoding procedure of UL early termination
An example of modified encoding procedure for CS links to facilitate early termination is illustrated in Figure 5.1.3.2.1-1. The details of each block are described in the following subsections.
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Figure 5.1.3.2.1-1: Block diagram of UL encoding procedure

5.1.3.2.1.1    TrCH mixture

For the sake of a simpler encoding and decoding chain, the Transport channels (TrCH) are mixed into one single TrCH. For example, there are 4 TrCHs for AMR fixed 12.2k, as shown in Table 5.1.3.2.1.1-1.

Table 5.1.3.2.1.1-1: 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 TrCHs are multiplexed into a single TrCH; otherwise the other three TrCHs are multiplexed together.

5.1.3.2.1.2    CRC attachment and scrambling

TFCI-based transmission is 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.

5.1.3.2.1.3    Channel coding

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

5.1.3.2.1.4    Rate matching and interleaving

Rate matching and interleaving mechanisms are modified and are illustrated in Figure 5.1.3.2.1.4-1. In the legacy system, flexible spreading factor is applied. The smaller the spreading factor is, the more 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.
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Figure 5.1.3.2.1.4-1: Rate matching and interleaving

5.1.3.2.1.5    Physical channel mapping

This follows the original R99 procedure including modulation and spreading.

5.1.3.2.1.6    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 5.1.3.2.1.6-1 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 5.1.3.2.1.6-1: 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 in Section 5.1.2. 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 pilot-free DPCH slot format is used so that there is no wasted power.

5.1.3.2.1.7    Power adjustment

Table 5.1.3.2.1.7-1 shows the DPDCH/DPCCH power ratio when early termination is used.

Table 5.1.3.2.1.7-1: DPDCH/DPCCH power ratio

	Packet
	Null
	SID
	Full

	DPDCH/DPCCH power ratio(dB)
	N/A
	-4.437
	1.938


5.1.3.2.1.8    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 negligible degradation of system performance. As shown in Figure 5.1.3.2.1.8-1, UE stops UL DPCCH transmission from slot 18 to slot 26. The period is called ET gap.
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Figure 5.1.3.2.1.8-1: An example of UL data transmission with early termination

5.1.3.2.2    TFCI based or BTFD based transmission

Both TFCI-based and BTFD-based transmission mechanisms are feasible for early termination. UL DPCCH Slot Format #0 is used by TFCI-based transmission, while UL DPCCH Slot Format #1 is used by BTFD-based transmission, as show in Table 5.1.3.2.2-1.

Table 5.1.3.2.2–1: UL DPCCH Slot Format

	Slot Format #i
	SF
	Bits/Slot
	Npilot
	NTPC
	NTFCI
	NFBI
	Transmitted slots per radio frame

	0
	256
	10
	6
	2
	2
	0
	15

	1
	256
	10
	8
	2
	0
	0
	8-15


5.1.3.2.2.1    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.
5.1.3.2.2.2    BTFD based transmission

For BTFD based transmission, BS tries every possible TFC candidates at each decoding attempt.

5.1.3.2.3    Early termination indicator feedback

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 5.1.3.2.3-1 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 5.1.3.2.3-1: 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 5.1.3.2.3-2, 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 5.1.3.2.3-2: An example of ETI feedback for UL data transmission based on dynamic TPC rate
5.1.4
TDM with reduced DCH spreading factor
The uplink DCH spreading factor could be reduced, for example, to 1/K (
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) of the normal spreading factor. Thus each user’s data transmission time could also be reduced to 1/K of the normal transmission time in a TTI. We can further stagger each user’s transmission time. Then realize K-user Time Division Multiplexing (TDM) to some extent. The TDM operation reduces the number of users transmitting data at the same time. Thus avoid the interference of the users at different time and help improve the system capacity. 

When the DCH spreading factor is reduced, for example, the DCH spreading factor halves, the system users can be divided into two groups for TDM operation, and the transmission time of each DPDCH / DPCCH halves (e.g., the 20ms TTI voice data will be transmitted in 10ms). The interference of the system will reduce substantially in the case of the same number of users. The Eb/No required for data transmission is almost invariant. So the system capacity will improve substantially. The uplink work mode when the DCH spreading factor halves and quarters is illustrated in Figure 5.1.4-1 and Figure 5.1.4-2 respectively. 
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Figure 5.1.4-1: The uplink work mode when DCH spreading factor halves （K=2）
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Figure 5.1.4-2: Uplink work mode when DCH spreading factor quarters, K=4 (8 slot)
5.2
Downlink Physical Layer Enhancements
5.2.1 Pilot-free slot formats
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 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 5.2.1: Distribution of DL transmit power when CS voice is transmitted on DCH.  Fixed overhead includes common pilot and broadcast channels
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 sub-clauses.
5.2.1.1 Removal of DL DPCH pilot fields

In this section, 4 new DL DPCH slot formats (#17, #18, #19 and #20) are proposed, as shown in Table 5.2.1.1-1. The new slot formats are transformations of the legacy slot format #8 with pilot fields being removed, as illustrated in Figure 5.2.1.1-1. 

	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 5.2.1.1-1: The proposed new DL DPCH slot formats
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Figure 5.2.1.1-1: 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 the same 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 makes the NodeB transmit power more steady in symbol-wise and reduces the chance of touching the maximum transmit power of NodeB.

Once the pilot filed is removed, TPC bits are the only bits in the DPCCH for BTFD-based scenarions. The TPC field can also be located at the end of the slot, which introduces 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 5.2.1.1-2 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 5.2.1.1-2: TPC timing diagrams for legacy DL DPCH slot format #8

Figure 5.2.1.1-3 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 5.2.1.1-3: TPC timing diagrams for proposed new DL DPCH slot format #17

Figure 5.2.1.1-4 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 5.2.1.1-4: 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.

5.2.2 Downlink Transmit Power Control Rate Optimization

In current UMTS network both UL TPC and DL TPC are mostly operating at 1500Hz (UL PCA1 and DL DPC0), with 1-slot round trip delay for DL TPC and 2-slot round trip delay for UL TPC. However, frequent transmit power update is sometimes harmful to the system due to unreliable SNR estimation and frequent overshooting effects. Reducing downlink TPC rate to 750Hz is one remedy to address the above issue. Another solution is dynamic DL TPC, i.e. the terminal reduces the frequency of DL transmit power updates by ignoring TPC commands transmitted in some predefined slots.

The detailed control of DL TPC depends on the position of SINR estimation target field in DL DPCH slot. In Section 5.2.1, the SINR estimation target field is changed by the proposed optimized DPCH slot formats due to pilot removal. For DL DPCH slot format #8 and the proposed new slot format #19 and #20, the SINR estimation target field in DL DPCH is in the end of a slot, while for the proposed new slot format #17 and #18 the SINR estimation target field in DL DPCH is in the beginning of a slot. The details are described in the following sections.

5.2.2.1 DL TPC Rate Optimatization with DL DPCH Slot Format #8/#19/#20

In case of 750Hz TPC rate, the transmit power is updated every 2 slots. Since there are 15 slots in one radio frame, the alignment of power update periods are done every two frames, and the first update time aligns with the pilot field in slot format #8 (or TPC field in slot format #19/#20) right before the boundary of DTCH TTI.

Figure 5.2.2.1-1 illustrated the DL TPC loop operating at 750Hz based on DL slot format #8/19/20 (as proposed in Section 5.2.1) and UL slot format #0. As seen, the terminal may estimates the quality of the pilot fields in DL slot #13 (and slot #12 for some reason), and sends its TPC command on UL slot#13. Then the base station updates its transmit power on pilot field of DL slot#14. In this case, the TPC field of UL slot#14 can be reserved for further usage (e.g. for indication of downlink frame early termination). The estimated overall round trip delay for the 750Hz DL TPC is now 2 slots, and the estimation quality is expected to be improved due to the 2-slot time diversity.
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Figure 5.2.2.1-1: Illustration of DL TPC at 750Hz (DL DPCH slot format#8 and UL DPCCH slot format#0)

Figure 5.2.2.1-2 illustrates the dynamic DL TPC loop based on DL slot format #8/19/20 (as proposed in Section 5.2.1) and UL slot format #0. As seen, the design of dynamic DL TPC is based on the configured pattern of reserved slots per DTCH TTI. The terminal shall ignore the commands on TPC fields of those reserved slots in DL TPC processing. An example pattern of reserved slots can be set as slot #11, #13, #15,…,#25 in one DTCH TTI. In this case, the TPC fields in these slots are reserved for indication of downlink frame early termination. The terminal will not adjust the DL DPCH transmit power at the pilot field of slot #12, #14, #16,…,#26. 
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Figure 5.2.2.1-2: Illustration of dynamic DL TPC (DL DPCH slot format#8 and UL DPCCH slot format#0)

5.2.2.2 DL TPC Rate Optimatization with DL DPCH Slot Format #17/#18

In case of 750Hz TPC rate, the transmit power is updated every 2 slots. Since there are 15 slots in one radio frame, the alignment of power update periods are done every two frames, and the first update time aligns with the Data1 field from the boundary of DTCH TTI.

Figure 5.2.2.2-1 illustrates the DL TPC loop operating at 750Hz based on DL slot format #17/18 (as proposed in Section 5.2.1) and UL slot format #0. As seen, the terminal may estimates the quality of the TPC fields in UL slot #13 (and slot #12 for some reason), and sends its TPC command on UL slot#13. Then the base station updates its transmit power on Data1 field of UL slot#0. In this case, the TPC field of UL slot#14 can be reserved for further usage (e.g. for indication of downlink frame early termination). The estimated overall round trip delay for the 750Hz DL TPC is now 2 slots, and the estimation quality is expected to be improved due to the 2-slot time diversity.
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Figure 5.2.2.2-1: Illustration of DL TPC at 750Hz (DL DPCH slot format#17 and UL DPCCH slot format#0)

Figure 5.2.2.2-2 illustrates the dynamic TPC loop based on DL slot format #17/18 (as proposed in Section 5.2.1) and UL slot format #0. As seen, the design of dynamic DL TPC is based on the configured pattern of reserved slots per DTCH TTI. The terminal shall ignore the commands on TPC fields of those reserved slots in DL TPC processing. An example pattern of reserved slots can be set as slot #11, #13, #15,…,#25 in one DTCH TTI. In this case, the TPC fields in these slots are reserved for indication of downlink frame early termination. The terminal will not adjust the DL DPCH transmit power at Data1 field of slot #13, #15, #17,…,#27. 
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 Figure 5.2.2.2-2: Illustration of dynamic DL TPC (DL DPCH slot format#17 and UL DPCCH slot format#0)
5.2.3 DPCH Time Division Multiplexing
5.2.3.1 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 6 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 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 6, 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 7. The new slot-formats 21 through 24 in Table 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 5.2.3.1-1: Time-division multiplexing of two UEs on a single channelization code.

Table 5.2.3.1-1: 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 5.2.3.1-2: Multiplexing of DTCH and DCCH for two UEs sharing a single channelization code.

5.2.3.2 TDM of Multiple Users
Technologies such as receive diversity (RxD), interference cancellation, and the proposed DCH enhancements in this TR 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 as proposed in Section 5.2.1. 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 5.2.3.2-1. 
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Figure 5.2.3.2-1: 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 5.2.3.2-1 and Figure 5.2.3.2-2.

Table 5.2.3.2-1: 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 5.2.3.2-2: Illustration of DL DPCH slot formats for TDM of three users
5.2.4 Downlink Frame Early Termination (FET)
5.2.4.1 DL FET - Remedy 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.
5.2.4.1.1 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 7. 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 8. 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 8: In-band signaling of DCCH presence/absence

5.2.4.2 DL FET - Remedy 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.

5.2.4.2.1    Encoding procedure of DL early termination
An example of modified encoding procedure for CS links to facilitate early termination is illustrated in Figure 5.2.4.2.1-1. Details of each block are described in the following sub-clauses.
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Figure 5.2.4.2.1-1: Block diagram of DL encoding procedure

5.2.4.2.1.1    TrCH mixture

For the sake of a simpler encoding and decoding chain, the Transport channels (TrCH) are mixed into one single TrCH. For example, there are 4 TrCHs for AMR fixed 12.2k, as shown in Table 5.2.4.2.1.1-1.

Table 5.2.4.2.1.1-1: 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 TrCHs are multiplexed into a single TrCH; otherwise the other three TrCHs are multiplexed together.

5.2.4.2.1.2    CRC attachment and scrambling

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. Since an all-zero codeword is not good for blind detection, and CRC bits are further scrambled. 

5.2.4.2.1.3    Channel coding

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

5.2.4.2.1.4    Rate matching and interleaving

Rate matching and interleaving mechanisms are modified and are illustrated in Figure 5.2.4.2.1.4-1. 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.
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Figure 5.2.4.2.1.4-1: Rate matching and interleaving

5.2.4.2.1.5    Physical channel mapping

This follows the original R99 procedure including modulation and spreading.

5.2.4.2.1.6    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 5.2.4.2.1.6-1 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 5.2.4.2.1.6-1: 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 as proposed in Section 5.2.2. 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 pilot-free DPCH slot format is used so that there is no wasted power.

5.2.4.2.1.7    Power adjustment

Since DTX bits are not inserted into DPDCH, power adjustment is applied as listed in Table 5.2.4.1.7-1. 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.

Table 5.2.4.2.1.7-1: DPDCH power adjustment

	Packet
	Null
	SID
	Full

	DPDCH power adjustment (dB)
	-8.38
	-5.03
	0


5.2.4.2.1.8    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 5.2.4.2.1.8-1, BS stops UL DPCCH transmission from slot 19 to slot 26. The period is called ET gap.
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Figure 5.2.4.2.1.8-1: An example of DL data transmission with early termination

5.2.4.2.2    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. Please be noted that DL ET is also feasible for TFCI-based transmission. 
5.2.4.2.3    Early termination indicator feedback

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 5.2.4.2.3-1. 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 5.2.4.2.3-1: 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 5.2.4.2.3-2, 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 5.2.4.2.3-2: An example of ETI feedback for DL data transmission based on dynamic TPC rate
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Voice over HSPA 

8.1
Link Simulation Assumptions for Voice over HSPA

8.1.1
Link Simulation Assumptions for downlink VoHSPA
The baseline downlink simulation assumptions for the evaluation of VoHSPA are given in Table 2.

Table 2: Baseline link simulation assumptions for evaluation of downlink VoHSPA.
	Parameter
	Value

	Physical Channels
	HS-PDSCH, HS-SCCH, F-DPCH, E-HICH

	TBS [bits]
	See Tables 6,7 (The TBS is shown in ‘TBS on DL’ column)

	Number of H-ARQ Processes
	6

	Maximum number of H-ARQ Transmissions
	4

	H-ARQ operating point
	10 % BLER after first transmission

	Traffic Source
	Packet generated every 20ms

	Number of Rx Antennas
	1

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	Channel Estimation
	Realistic

	Inner Loop Power Control for F-DPCH
	ON

	Inner Loop PC Step Size for F-DPCH
	±1 dB

	Inner Loop PC Delay
	2 slots

	SIR target for F-DPCH ILPC 
	Set to achieve 4% F-DPCH BER

	DL TPC Error Rate (for TPC sent on UL DPCCH)
	4 %

	HS-SCCH power control
	ON, targeting 1% BLER

	E-HICH power offset to F-DPCH
	Set to achieve Ack misdetection rate of 5% and false-Ack rate of 0.2% 

	Propagation Channel
	PA3, PB3, VA30, VA120: ITU. See Table 4 for power-delay profiles.

	Geometry
	[-3,0,3,6,9,12]dB

	Rake Finger Configuration

	Frequency and time tracking loops are disabled, fingers are assigned as in Table 5

	UE Receiver Type
	Type 2

	Active set size
	1


Table 3: Frequency of occurrence of AMR packet types for 50% voice activity factor.

	Packet
	Probability

	FULL
	0.5

	SID
	0.0625

	NULL
	0.4375


Table 4: Power-delay profiles for ITU channels

	Channel
	Relative Path delays (in nanoseconds)
	Relative Path powers (dB)

	PA
	0,110,190,410
	0,-9.7,-19.2,-22.8

	PB
	0,200,800,1200,2300,3700
	0,-0.9,-4.9,-8.0,-7.8,-23.9

	VA
	0,310,710,1090,1730,2510
	0,-1,-9,-10,-15,-20


Table 5: Delays of assigned Rake fingers in ITU channels

	Channel
	Path delays (in 1/8th of a chip)

	PA
	0,7

	PB
	0,7,25,37,71,114

	VA
	0,10,22,33,53,77


Table 6: TBS to be used for CsoHS for different Vocoder packets

	Vocoder, packet type
	#bits at vocoder output
	#bits for header overheads
	Total payload
	TBS on DL (octet aligned)
	TBS on UL**

	
	
	Octet alignment
	PDCP header
	RLC UM header
	MAC header*

	
	
	

	AMR12.2k, full
	244
	4
	8
	8
	24
	288
	288
	296

	AMR12.2k and 5.9k, SID
	39
	1
	8
	8
	24
	80
	120
	120

	AMR5.9k, full
	118
	2
	8
	8
	24
	160
	160
	160


*MAC header refers to MAC-ehs header on DL and MAC-i/is header on UL.

** UL TBS assumes use of E-DCH TBS table 0 for 2ms TTI

Table 7: TBS to be used for VoIP for different Vocoder packets

	Vocoder, packet type
	#bits at vocoder output
	#bits for header overheads
	Total payload
	TBS on DL (octet aligned)
	TBS on UL**

	
	
	Octet alignment
	RoHC header
	RLC UM header
	MAC header*

	
	
	

	AMR12.2k, full
	244
	4
	32
	8
	24
	312
	312
	318

	AMR12.2k and 5.9k, SID
	39
	1
	32
	8
	24
	104
	120
	120

	AMR5.9k, full
	118
	2
	32
	8
	24
	184
	184
	185


*MAC header refers to MAC-ehs header on DL and MAC-i/is header on UL.
** UL TBS assumes use of E-DCH TBS table 0 for 2ms TTI
8.1.2
Link Simulation Assumptions for uplink VoHSPA

The baseline uplink simulation assumptions for the evaluation of VoHSPA are given in Table 8.

Table 8: Baseline link simulation assumptions for evaluation of uplink VoHSPA.
	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, HS-DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	See Tables 6,7 (The TBS is shown in ‘TBS on UL’ column)

	Modulation
	QPSK

	Number of physical data channels and spreading factor
	1xSF4 for AMR 12.2k Full packet;

1xSF8 for AMR 5.9k Full packet;

1xSF16 for SID packet

	Puncturing Limit (PL_non_max)
	0.66

	20*log10(βed/βc) [dB]
	8

	20*log10(βec/βc) [dB]
	2

	20*log10(βhs/βc) [dB]
	2: UE not in SHO

4: UE in SHO

	HS-DPCCH transmission modeling
	CQI transmitted once every 8ms, 

ACK transmitted once every 20ms.

	Number of H-ARQ Processes
	8

	Traffic Source
	New packet generated every 20ms.

	Maximum number of H-ARQ Transmissions
	4

	H-ARQ operating point
	1 % Residual BLER after 4 H-ARQ attempt

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	±1 dB

	OLPC SIR-target up-step on packet error
	0.5dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	4 %

	Propagation Channel
	PA3, PB3, VA30, VA120: ITU. See Table 4 for power-delay profiles

	Rake Finger Configuration

	Frequency and time tracking loops are disabled, fingers are assigned as in Table 5

	NodeB Receiver Type
	Rake

	Active set size
	1, 2 (soft handover)

	Link imbalance in soft handover
	0dB


8.2
Link Performance metrics for Voice over HSPA

8.2.1
Link Performance metrics for downlink VoHSPA
a) Average Transmit Ec/Ior for each TBS, for each of: HS-PDSCH, HS-SCCH, E-HICH, F-DPCH.

b) Average of total Transmit Ec/Ior for all downlink physical channels, for each TBS.

c) Average of total Transmit Ec/Ior (the result of (b)) across TBS, weighted by their frequency of occurrence shown in Table 3. For the Null packet, the Transmit Ec/Ior to be used is obtained from the result of (b) for the SID packet but excluding the contribution of the HS-PDSCH and HS-SCCH to the transmit Ec/Ior.

d) Average number of HARQ transmissions for each TBS.

e) BER of TPC bits sent on F-DPCH.

f) Miss-detection and false-Ack rate for E-HICH

g) HS-SCCH BLER.
8.2.2
Link Performance metrics for uplink VoHSPA

a) Average of total Received Ec/No for all uplink physical channels, for each packet type.

b) Average of total Received Ec/No (the result of (a)) across all TBS, weighted by their frequency of occurrence shown in Table 3. For the Null packet, the received Ec/No to be used is obtained from the result of (a) for the SID packet but excluding the contribution of the E-DPDCH and E-DPCCH to the Rx Ec/No.

c) Average number of HARQ transmissions

d) BER of TPC bits sent on UL DPCCH.
8.3
System Simulation Assumptions for Voice over HSPA

8.3.1
System Simulation Assumptions for downlink VoHSPA
8.3.2
System Simulation Assumptions for uplink VoHSPA

The baseline uplink system simulation assumptions for the evaluation of VoHS are given in Table 9.

Table 9: Uplink System Simulation Assumptions for VoHSPA
	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	1000 m

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Penetration Loss
	10dB

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
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     = 70 degrees,     Am = 20 dB

	Channel Model
	 PA3, VA30 (ITU channels). See Table 4 for power-delay profiles.
 Fading across all pairs of antennas is completely uncorrelated

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	2 (no SHO)

4(SHO)

	
	NACK [dB]
	2 (no SHO), 4 (SHO)

	
	CQI [dB]
	2 (no SHO), 4(SHO)

	E-DPCCH C/P 
	0dB

	Soft Handover Parameters
	R1a (reporting range constant) = 6 dB, 

	Traffic Source
	Voice packets generated every 20ms

	TBS 
	See Table 6

	Modulation 
	QPSK

	DPCCH Slot format
	8pilot bits, 2TPC bits

	UE distribution 
	Uniform over the area

	Number of Voice UEs per cell
	0, 8, 16, 24, 32, 40, 48

	Number of BE users per cell
	4

	NodeB Receiver
	2 Rx-Rake (Pilot Weighted Combining - PWC)

	Uplink HARQ
	2ms TTI, Max # of transmission =4 targeting 1% residual BLER after 4 HARQ. 

	Number of HARQ processes
	8

	ILPC
	1500Hz ILPC rate

2 slot feedback delay

+1dB/-1dB step size

4% error rate

	OLPC
	1% target residual BLER after 4 HARQ
+0.5dB when packet decoding error

	Target RoT
	6dB

	E-DCH Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	Proportional Fair for BE users; 

Delay sensitive Qos based scheduling for voice users


9
Simulation Assumptions
9.1
Link Simulation Assumptions for voice over R99 DCH
9.1.1 Link Simulation Assumptions for Downlink voice over R99 DCH
The link simulation settings for downlink are shown in Table 10. Each simulation consists of transmissions of a payload whose bits are generated randomly at each TTI but whose size (TBS) is fixed over the entire simulation. The possible TBSs and their encoding details for AMR 12.2kbps and 5.9kbps codecs are shown in Table 12.

Table 10: Link Level Simulation Parameters for Downlink voice over R99 DCH
	Parameter
	Value

	Physical Channels
	DPCH, P-CPICH, P-CCPCH, PICH, and 16 OCNS codes

	Modulation
	QPSK

	DCH traffic type
	AMR12.2K or 5.9K voice frames

	DCH transport channels
	DTCH carries a fixed size AMR transport block every TTI.

DCCH (carrying SRBs) is configured but not transmitted.

	(DTCH, DCCH) TTIs
	 (20,40)

	DTCH TBS and encoding
	See Table 12

	DCH rate-matching
	Fixed positions. See Table 12 for rate-matching attributes

	Transmit powers for physical channels
	DPCH    : Determined via power control

P-CPICH  : Ec/Ior = -10dB

P-CCPCH : Ec/Ior = -12dB

PICH     : Ec/Ior = -15dB

OCNS    : OVSF indices and relative powers of the 16 codes are as in 3GPP TS 25.101 (Rel.11, Table C6). Total power of all OCNS codes is fixed in each slot = Ior- ∑c Pc, where Pc = average power of channel c in that slot. Summation is over all channels except OCNS. Ior is a fixed constant power (eg, 20 Watts), and geometry = Ior/No, where No = variance of the AWGN.

	DPCCH/DPDCH power offsets
	Offsets PO1,PO2,PO3 for TPC, TFCI, pilots respectively are all equal, with value 3dB for AMR12.2K and 0dB for AMR5.9K. 

Power offset of 0dB for AMR12.2K is optional.

	DPCH slot format
	AMR12.2K: 8, AMR5.9K: 2. See Table 11

	DL DPCH ILPC rate
	1500Hz

	DPCH ILPC up-down power step-size
	1dB

	Command error rate for TPC up-down commands transmitted on uplink
	4%

	DPCH ILPC feedback delay
	1 slot

	DPCH ILPC gain change boundary within slot
	Start of first DPCCH pilot symbol

	DPCH ILPC SNR estimation
	Realistic

	DPCH maximum and minimum power limits
	ILPC is over-ridden if neccesary so that Ec/Ior for non-DTXed DPDCH symbols is within the range [-40dB, -10dB].

	OLPC BLER target
	1% residual BLER (after all decoding attempts)

	OLPC SIR-target up-step on packet error
	0.5dB

	Number of Rx Antennas
	1

	Channel Encoder
	3GPP Release 6 Convolutional coder

	Channel estimation for DCH demodulation
	Realistic, based on P-CPICH

	Transport format detection
	Ideal

	Propagation Channel
	ITU: PA3, PB3, VA30, VA120. See Table 4 for power-delay profiles

	Rake Finger configuration
	Frequency and time tracking loops are disabled. Delays of assigned fingers are as in Table 5

	UE Receiver Type
	1-Rx Rake (Pilot-weighted Combining (PWC) across fingers)

	Active set size
	1,2 (soft handover)

	Link imbalance in soft handover
	0dB

	Geometry
	0,3,6,9,12 dB (when not in soft handover); -3,0,3dB (for soft handover)

In soft handover, geometry = Ior1/No, and link imbalance=Ior1/Ior2, where Ior1,Ior2 are the Ior values for the two cells in the active set.


Table 11: DL DPCH slot format

	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
	Vocoder

	
	
	
	
	
	NData1
	NData2
	NTPC
	NTFCI
	NPilot
	
	

	8
	60
	30
	128
	40
	6
	32
	2
	0
	4
	15
	AMR12.2K

	2
	30
	15
	256
	20
	2
	14
	2
	0
	2
	15
	AMR5.9K


Table 12: Voice packets simulated on DL

	Air interface
	Vocoder
	Packet
	TBS=

Ninfo
	CRC size=Ncrc
	Encoding
	Slot for-mats
	Number of encoded bits punctured by rate-matching=Npunc*
	Rate-matching Attributes++
	Packet frequency?

	R99
	AMR12.2K
	Full-A
	81
	12
	Conv 1/3
	8
	13
	180,175,234,180
	0.5


	R99
	AMR12.2K
	Full-B
	103
	0
	Conv 1/3
	8
	21
	180,175,234,180
	

	R99
	AMR12.2K
	Full-C
	60
	0
	Conv 1/2
	8
	-34
	180,175,234,180
	

	R99
	AMR12.2K
	SID
	39
	12
	Conv 1/3
	8
	8
	180,175,234,180
	0.0625

	R99
	AMR12.2K
	Null
	0
	12
	Conv 1/3
	8
	3
	180,175,234,180
	0.4375

	R99
	AMR5.9K
	Full-A
	55
	12
	Conv 1/3
	2
	85
	180,174,230
	0.5


	R99
	AMR5.9K
	Full-B
	63
	0
	Conv 1/3
	2
	83
	180,174,230
	

	R99
	AMR5.9K
	SID
	39
	12
	Conv 1/3
	2
	67
	180,174,230
	0.0625

	R99
	AMR5.9K
	Null
	0
	12
	Conv 1/3
	2
	23
	180,174,230
	0.4375


* Negative number indicates repetition. Definition of Npunc is illustrated in Figure 1. Its value depends on rate-matching attributes.

++ Rate matching attributes are listed in the order (DTCH-A, DTCH-B, DTCH-C, DCCH) for AMR12.2kbps, and in the order (DTCH-A,DTCH-B,DCCH) for AMR 5.9kbps codec. For both codecs, the DCCH is configured for 40ms TTI with TBS=148, Ncrc=16 and convolutional encoding with rate 1/3. Even though DCCH is not transmitted, these parameters are required to determine the rate-matching pattern for the packets that are transmitted.

? Packet frequencies are used as weights to average the TxEcIor values obtained from simulations for each packet type, to obtain an overall TxEcIor for the given vocoder and air-interface. The frequencies in Table 3 correspond to 50% voice activity factor. The Full-A,B,C packet types for AMR vocoder are all transmitted together, and hence have the same frequency.
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Figure 1: Encoding and modulation of voice packets for downlink, showing number of bits at each stage
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Figure 2: Showing DL TxEc/Ior calculation accounting for power-offsets and DTX.
9.1.2 Link Simulation Assumptions for Uplink voice over R99 DCH
Link level simulation parameters for uplink are shown in Table 13.

Table 13: Link Level Simulation Parameters for Uplink voice over R99 DCH
	Parameter
	Value

	Physical Channels
	DPCCH, DPDCH

	Modulation
	BPSK

	DCH traffic type
	AMR12.2K and 5.9K

	DCH transport channels
	DTCH carries a fixed size AMR transport block.

DCCH is not transmitted.

	(DTCH, DCCH) TTIs
	 (20,40)ms

	DTCH TBS and spreading factor
	See Table 14

	DCH rate-matching
	Since DCCH is not transmitted, rate-matching punctures or repeats encoded DTCH packet so as to fill up all available DPDCH bits in the TTI, in accordance with 3GPP TS 25.212

	Puncturing Limit (PL)
	0.66

	DPDCH/DPCCH power ratio
	Specified for each TFC as in Table TBD13.

	DPCCH slot format
	0 (6 pilots, 2 TFCI, 2 TPC bits per slot).

	UL DPCH ILPC rate
	1500Hz

	ILPC up-down power step-size
	1dB

	Command error rate for TPC up-down commands transmitted on downlink
	4%

	DPCH ILPC feedback delay
	2 slots

	OLPC BLER target
	1% residual BLER after 20ms

	OLPC SIR-target up-step on packet error
	0.5dB

	OLPC delay
	2 radio-frames

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Convolutional coder

	Channel estimation for DCH demodulation and ILPC SNR estimation
	Realistic

	Transport format detection
	 Realistic (TFCI errors impact DTCH BLER)

	Propagation Channel
	ITU: PA3, PB3, VA30, VA120. See Table 5 for power-delay profiles

	NodeB Receiver Type
	2-Rx Rake (Pilot-weighted Combining (PWC) across fingers)

	Rake Finger Configuration
	Frequency and time tracking loops are disabled. Delays of assigned fingers are as in Table 6

	Active set size
	1,2 (soft handover)

	Link imbalance in soft handover
	0dB


Table 14: Voice packets simulated on UL and corresponding spreading factors

	Vocoder
	Packet
	TBS=

Ninfo
	CRC size=Ncrc
	Rate matching attributes++
	DPDCH Spreading factor

	AMR12.2K
	Full  (A,B,C)
	(81,103,60)
	(12,0,0)
	180,175,234,180
	64

	AMR12.2K
	SID
	39
	12
	180,175,234,180
	256

	AMR12.2K
	Null
	0
	0
	180,175,234,180
	DPDCH not sent

	AMR5.9K
	Full (A,B)
	(55,63)
	(12,0)
	180,170,180
	128

	AMR5.9K
	SID
	39
	12
	180,170,180
	256

	AMR5.9K
	Null
	0
	0
	180,170,180
	DPDCH not sent


++ Rate matching attributes are listed in the order (DTCH-A, DTCH-B, DTCH-C, DCCH) for AMR12.2kbps, and in the order (DTCH-A,DTCH-B,DCCH) for AMR 5.9kbps codec. For both codecs, the DCCH is configured for 40ms TTI with TBS=148, Ncrc=16 and convolutional encoding with rate 1/3. Even though DCCH is not transmitted, these parameters are required to determine the rate-matching pattern for the packets that are transmitted.
9.2
Link Performance Evaluation Metrics
9.2.1 Link Performance metrics for downlink voice over R99 DCH
a) DPCH TxEc/Ior averaged over entire simulation, for each packet type. The averaging accounts for DTX and DPCCH/DPDCH power offsets, as shown in Figure 2. 

b) Average of (a) across packet types, weighted by their frequency of occurrence shown in Table 3. This is the metric used for comparing different voice codecs and physical layers.

c) Decoding block error rate for each simulation (each packet type).

d) BER of TPC bits sent on DL DPCCH.
9.2.2 Link Performance metrics for uplink voice over R99 DCH
a) Average Received Ecp/No of DPCCH per channel type per packet type. No= Variance of AWGN.

b) Total Average Received Ec/No for data plus control channels (DPDCH+DPCCH).

c) Decoding block error rate

d) BER of TPC bits sent on UL DPCCH.
9.3
System Simulation Assumptions
9.3.1    Link-to-System Mapping

9.3.1.1   Link-to-System Mapping for DCH

This section describes the downlink DCH link-to-system mapping methodology to be used for the evaluation of DCH enhancememts. Similar methodlogy applies to the link-to system mapping for uplink DCH.

Step 1: Obtain the mapping curves from DPCH RX SINR to DTCH BLER from link level simulations.

  Step 1-1 : DPCH RX slot SINR calculation

    The DPCH RX slot SINR (dpch_slot_sinr_lin) is calculated as follows:
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    , where dpch_pwc_sp stands for power of (signal part after PWC), which is calculated by
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    , intra_cell_pwc_np stands for PWCed intra-cell interference power, which is calculated by
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    , inter_cell_mrc_np stands for PWCed inter-cell interference power, which is calculated by
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    All these abbreviations are defined as follows:
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    and havg(c,f,r) is defined as
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    If RX finger number is different to multipath number, corresponding modifications are required.

  Step 1-2 : DPCH RX TTI SINR calculation.

    DPCH RX TTI SINR is obtained by averaging DPCH RX slot SINR across all slots in the TTI.

  Step 1-3 : mapping curve generation

    Given different channel models and different geometry, simulations are performed to get “DPCH RX SINR” to “DTCH BLER” mapping curves. Figure 9.3.1.1 gives an example of such mapping curves.
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Figure 9.3.1.1 “RX DPCH SINR(dB)” vs “DTCH BLER” mapping curves

Step 2: System level simulation

For each UE, DPCH RX TTI SINR is calculated every TTI and is used to obtain the DTCH BLER using the mapping curves generated in Step 1. The DTCH BLER is used to determine whether the instantaneous speech block is successfully decoded or not. 

Outer loop power control is simulated to adjust the target SINR accordingly. Inner loop power control is simulated based on the simulated TPC rate.
9.3.1.2 Simplified Model for HSPA Throughput Mapping

In this section, a simplified model mapping HSPA (DL/UL) throughput under the coexistence of CS voice and HSPA data scenario is proposed. The purpose of this model is to simplify the system simulation by running CS voice only case to estimate HSPA throughput in such scenarios.
9.3.1.2.1 DL Mapping of HSPA Throughput

The radio resources shared by CS voice and HSPA data include both transmit power and OVSF codes. In system simulations, OVSF code used by CS voice user is set after its active set is determined. Power used by CS voice user is determined by inner/outer loop power control which maintains voice quality. For CS voice and HSPA data coexistence case, the QoS of CS voice has a priority over HSPA data. Hence available power and OVSF code of HSPA data is then determined after the allocation of CS voice power and code. 

In this simplified model, we use the following steps in modelling HSDPA throughput, where only CS voice needs to be simulated in system simulation

· Step1: Fix DL NodeB transmit power to the maximum as [image: image54.png]



· Step2: Running CS voice only in a system simulation, compute the averaged OVSF code [image: image56.png]


 and average DL voice power [image: image58.png]


 per cell as follows

[image: image59.png]



[image: image60.png]



where [image: image62.png]


 is the total number of cells while [image: image64.png]c(n)



 and [image: image66.png]P(n)



 refer to the OVSF codes(in units of SF512) and transmit power used by voice users under cell [image: image68.png]


.

· Step3: Calculate available SF-16 code and power for HSDPA as

[image: image69.png]Cus = 10512 — Copmm — Cpoice )/32 ]
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where [image: image72.png]


 and [image: image74.png]0.2B,.,



 are OVSF code and power used for common channels. 

Then using [image: image76.png]


 and [image: image78.png]Pys



 as the index, interpolate the HSDPA power vs. code vs. throughput table to get the corresponding HSDPA throughput.

Note that power compression for CS voice users is needed whenever the total power of voice users exceeds the upper bound of NodeB transmit power. Considering the slot averaged power from all voice users is [image: image80.png]


, maximum transmit power of NodeB is [image: image82.png]


. [image: image84.png]


 is the power needs to be compressed. 

Voice UEs with maximum slot averaged power are compressed. Here we select voice UEs with maximum DL Ec/Ior which have [image: image86.png]Pooice max = Promp



, where [image: image88.png]Povice max



 is the sum up power of the selected voice UEs. Each UE’s power is then compressed with a scaling factor [image: image90.png]Fecate = (Pooice max — Promp)/Pooice max



.

The corresponding power vs. code vs. HSDPA throughput tables are given in table 1and table 2(PA3/VA30) and displayed in Figure 1 and Figure2 respectively.

Table 9.3.1.2.1-1: DL Mapping Table for PA3 
	HSDPA Throughput Mapping(Mbps)

	Available Power\ Code
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1

	80%
	6.6
	6.4
	6.1
	5.8
	5.5
	5.3
	5.0
	4.6
	4.3
	3.9
	3.5
	3.0
	2.4
	1.8
	0.9

	70%
	6.2
	6.0
	5.7
	5.5
	5.2
	4.9
	4.7
	4.4
	4.0
	3.7
	3.3
	2.9
	2.3
	1.7
	0.9

	60%
	5.7
	5.5
	5.3
	5.1
	4.9
	4.7
	4.4
	4.1
	3.8
	3.5
	3.1
	2.7
	2.2
	1.6
	0.9

	50%
	5.3
	5.1
	4.9
	4.7
	4.5
	4.3
	4.1
	3.8
	3.5
	3.3
	2.9
	2.5
	2.1
	1.6
	0.9

	40%
	4.7
	4.5
	4.4
	4.2
	4.0
	3.8
	3.7
	3.4
	3.2
	3.0
	2.7
	2.3
	1.9
	1.5
	0.8

	30%
	4.0
	3.9
	3.8
	3.6
	3.5
	3.3
	3.2
	3.0
	2.8
	2.6
	2.3
	2.1
	1.8
	1.3
	0.8

	20%
	3.1
	3.1
	3.0
	2.9
	2.8
	2.7
	2.6
	2.4
	2.3
	2.1
	2.0
	1.7
	1.5
	1.2
	0.7

	10%
	2.0
	1.9
	1.9
	1.8
	1.8
	1.7
	1.7
	1.6
	1.6
	1.5
	1.4
	1.2
	1.1
	0.9
	0.5


Table 9.3.1.2.1-2: DL Mapping Table for VA30 
	HSDPA Throughput Mapping(Mbps)

	Available Power\ Code
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1

	80%
	3.7
	3.6
	3.4
	3.3
	3.2
	3.0
	2.9
	2.7
	2.5
	2.3
	2.1
	1.8
	1.5
	1.2
	0.7

	70%
	3.4
	3.3
	3.2
	3.1
	2.9
	2.8
	2.7
	2.5
	2.3
	2.2
	1.9
	1.7
	1.5
	1.2
	0.7

	60%
	3.1
	3.0
	2.9
	2.8
	2.7
	2.6
	2.5
	2.3
	2.2
	2.0
	1.8
	1.6
	1.4
	1.1
	0.7

	50%
	2.8
	2.7
	2.6
	2.6
	2.5
	2.4
	2.3
	2.1
	2.0
	1.8
	1.7
	1.5
	1.3
	1.0
	0.6

	40%
	2.4
	2.4
	2.3
	2.2
	2.2
	2.1
	2.0
	1.9
	1.8
	1.7
	1.5
	1.3
	1.1
	0.9
	0.6

	30%
	2.0
	2.0
	1.9
	1.9
	1.8
	1.8
	1.7
	1.6
	1.5
	1.4
	1.3
	1.2
	1.0
	0.8
	0.5

	20%
	1.5
	1.5
	1.5
	1.4
	1.4
	1.3
	1.3
	1.3
	1.2
	1.1
	1.1
	1.0
	0.8
	0.7
	0.4

	10%
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9
	0.8
	0.8
	0.8
	0.8
	0.7
	0.7
	0.6
	0.5
	0.3
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Figure 9.3.1.2.1-1: HSDPA Mapping, PA3.
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Figure 9.3.1.2.1-2: HSDPA Mapping, VA30.

9.3.1.2.2 UL Mapping of HSPA Throughput

In UL system simulation, CS voice and HSUPA data services share the load of the cell together. With increasing number of CS voice users, load of CS voice is also increasing which means less available load for HSUPA data users. Assuming the load of the cell is fixed, HSUPA throughput can be calculated as a function of available HSUPA load. Here a simplified way in mapping the HSUPA throughput is provided with the following steps:



· Step1: Assuming fixed [image: image94.png][0 pea1



 on each cell, based on a given RoT defined in Section 9.3.2.2.

· Step2: Simulating the CS voice only case, compute the long term averaged load of CS voice

[image: image96.png]


.

[image: image97.png]



Here, [image: image99.png]10,06 (M)



 is the total receiving power from voice users on cell [image: image101.png]


.
· Step3: Calculating available load for HSUPA user by,

[image: image103.png]


, interpolate and generated HSUPA throughput with HSUPA load vs. throughput table shown in table 3.

Table 9.3.1.2.2-1: HSUPA Mapping
	HSUPA  Load
	10%
	20%
	30%
	40%
	50%
	60%
	70%
	80%

	HSUPA Throughput(PA3)
	80.46
	298.20
	580.55
	879.79
	1175.50
	1485.13
	1809.18
	2103.20

	HSUPA Throughput(VA30)
	78.66
	262.37
	522.13
	795.28
	1079.77
	1375.72
	1669.08
	1960.60
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Figure 9.3.1.2.2-1: HSUPA Mapping, PA3.  
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Figure 9.3.1.2.2-2: HSUPA Mapping, VA30.  

9.3.2 System Simulation Assumptions for Downlink
9.3.2.1 Simulation Assumptions for Downlink voice over R99 DCH
Table 9.3.2.1-1: Downlink System Simulation Assumptions for R99 CS Voice

	Parameters
	Comments

	Traffic 
	RAB: AMR12.2K, AMR5.9K; SRB: not transmitted

	TBS on DTCH
	Null: 0, SID: 39; Full-AMR12.2K: (81,103,60) for DTCH-A,B,C; Full-AMR5.9K: (55,63) for DTCH-A,B.

	RM attributes
	AMR12.2K: 180,175,234,180 for DTCH-A,B,C, DCCH.

AMR5.9K: 180,174,230 for DTCH-A,B, DCCH.Using fixed position rate matching in both cases.

	DL DPCH Slot format
	Slot format 8 for AMR12.2K and 2 for AMR 5.9K

	Encoder
	1/3, 1/3, 1/2 rate convolutional code for Class A,B,C (Class-C only for AMR12.2K codec)

	CRC
	12-bit CRC on ClassA

	OLPC
	1% target BLER
+0.5dB when packet decoding error

	ILPC
	1500Hz

1 slot delay

+1dB/-1dB step size

4% error rate

	DL DPCH TxEc/Ior limits
	Maximum = -10dB, minimum = -40dB.


AMR is modeled based on a two stage Markov model with two Active and Inactive states, where in the Active state, only Full packets are generated, and in the Inactive state, SID and NULL packets are generated with SID packet being sent after every 7 NULL packets. The transition probability between the two Active and Inactive states is shown in Table 9.3.2.1-2.

Table 9.3.2.1-2: Transition probability of Active and Inactive states for AMR Traffic

	State n-1
	P(State n-1 ≠ State n)

	Active
	1%

	Inactive
	1%


The AMR Markov model described above is used for both uplink and downlink.

9.3.2.2 General System Assumptions for Downlink

The system simulation assumptions for the mixed CS voice on DCH and BE data over HSDPA are listed in Table 9.3.2.2-1.

Table 9.3.2.2-1: DL System Simulation Assumptions for mix of CS voice on DCH and BE data on HSDPA

	Parameters
	Comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	1000 m

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Penetration loss
	10 dB

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation:0.5

Intra-Node B Correlation :1.0

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
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                                                                      = 70 degrees,

                                                                 Am = 20 dB



	Number of UEs/cell
	BE: 4

Voice: 0, 8, 16, 24, 32 ,40, 48

UEs dropped uniformly across the system

	Channel Model
	100% PA3 (ITU), 100% VA30 (ITU). See Table 4 for power-delay profiles

Fading across all pairs of antennas is completely uncorrelated.

	CPICH Ec/Ior
	-10 dB

	Total Overhead power including C-PICH
	20%

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	UE Receiver 
	Type 3i for BE UE.  

MRC-Rake with 1 receive antenna for Voice UE.

	Thermal noise density
	-174 dBm/Hz

	Maximum Sector

Transmit Power
	43 dBm 

	Soft Handover Parameters
	R1a (reporting range constant) = 6 dB


	HS-DSCH 
	Up to 15 SF-16 codes per carrier for HS-PDSCH

HS-SCCH transmit power being driven by 1% HS-SCCH BLER.

0.5dB fixed margin is applied to CQI for rate control.

	CQI
	9 slot CQI delay

CQI estimation noise is Gaussian with mean of 0 dB and variance of 1dB

CQI Decoding at Node-B is ideal.

	Number of H-ARQ processes
	6

	Maximum number of HARQ transmissions
	4

	Maximum active set size
	3

	DL Scheduling
	Proportional Fair.


9.3.3 System Simulation Assumptions for Uplink
9.3.3.1 Simulation Assumptions for Uplink voice over R99 DCH
Table 9.3.3.1-1: Uplink System Simulation Assumptions for R99 CS Voice
	Parameters
	Comments

	Traffic Type
	RAB: AMR12.2K; AMR5.9K

SRB:  not transmitted

	TBS ,Spreading Factor and DPDCH Power Boost
	Packet
	TBS
	Spreading Factor
	DPDCH/DPCCH power ratio(dB)

	
	Full-AMR12.2K
	(81,103,60) for DTCH-A,B,C
	64
	-0.9151

	
	SID-AMR12.2K
	39
	256
	-6.0206

	
	Null-AMR12.2K
	0
	DPDCH DTXed
	N/A

	
	Full-AMR5.9K
	(55,63) for DTCH-A,B
	64
	-2.4988

	
	SID-AMR5.9K
	39
	128
	-6.0206

	
	Null-AMR5.9K
	0
	DPDCH DTXed
	N/A

	TTI Configuration
	20ms 

	Encoder
	rate  of 1/3, 1/3, 1/2 convolutional code for Class A,B,C

	CRC
	12-bit CRC on Class-A and on SID frames.

	Modulation
	BPSK

	DPCCH slot format
	0 (6 pilots, 2 TPC, 2 TFCI bits per slot)

	TFCI Decoding Error Modeling
	0% error rate

	OLPC
	1% target residual BLER at TTI end
+0.5dB when packet decoding error

	ILPC
	1500Hz ILPC rate

2 slot feedback delay

+1dB/-1dB step size

4% error rate


9.3.3.2 General System Assumptions for Uplink
The system simulation assumptions for the mixed CS voice on DCH and BE data sover HSUPA are listed in Table 9.3.3.2-1.
Table 9.3.3.2-1: UL System Simulation Assumptions for mix of CS voice on DCH and BE data on HSUPA

	Parameters
	Comments

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B with wrap-around

	Inter-site distance [m]
	1000

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometres

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
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                                                                              = 70 degrees,   Am = 20 dB



	Channel Model
	100% PA3 (ITU), 100% VA30 (ITU). See Table 4 for power-delay profiles. 

	Penetration loss [dB]
	10

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	2 (not in SHO), 4 (in SHO)

	
	NACK [dB]
	2 (not in SHO), 4 (in SHO)

	
	CQI [dB]
	2 (not in SHO), 4 (in SHO)

	βec/ βc 
	15/15

	Soft Handover Parameters
	R1a (reporting range constant) = 6 dB

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	4 (BE users on E-DCH)
0, 8, 16, 24, 32, 40, 48 (CS Voice on DCH)

	NodeB Receiver
	MRC Rake (2 antennas per cell)

	Uplink HARQ
	2ms TTI, Max # of transmissions =4,Target BLER=1% after 4th transmission, 8 HARQ processes.

	Maximum active set size
	3

	Inner Loop Power Control Delay
	2 slots

	Outer Loop Power Control Delay [radio frames]
	2

	UL TPC Error Rate [%] 
	4

	HSUPA Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	Proportional Fair

	Target RoT
	6dB


9.4
System Performance Evaluation Metrics
9.4.1 System Performance metrics for downlink

a) Average cell throughput vs. Number of voice users per cell.

b) Average power per cell used by voice users

c) Average power per cell used by HS-PDSCH & HS-SCCH

d) CDF of the run-lengths of consecutive voice packet errors.

e) Percentages of voice users with Active set size of 1,2,3.

f) Percentage of voice users with BLER > 3%

g) CDF of packet delay for voice users.
9.4.2 System Performance metrics for uplink

a) Average cell throughput vs. Number of voice users per cell.
b) Average RxEc/No per cell used by voice users
c) Average RxEc/No per cell used by data users

d) CDF of the run-lengths of consecutive voice packet errors.

e) Percentages of voice users with Active set size of 1,2,3.

f) Percentage of voice users with BLER > 3%

g) CDF of RoT per cell.

h) CDF of packet delay for voice users.
[---------------------------------------------------------------- TEXT END --------------------------------------------------------------]

3
Conclusions

It is proposed to agree to and capture the text proposal on the descriptions of the DCH Enhancements and the simulation assumptions as presented in this document to the DCH Enhancements TR [2].
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[2] R1-130717, “25.702 TR skeleton on DCH Enhancements”, Qualcomm Incorporated.
� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���


























[image: image111.emf]dB


3


q




dB 3



[image: image112.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q

[image: image113.wmf]dB

3

q

[image: image114.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q

[image: image115.wmf]dB

3

q

_1427190176.vsd
0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


16


17


18


19


20


21


22


23


24


25


26


27


28


29


DL

UL


0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


16


17


18


19


20


21


22


23


24


25


26


27


28


29


TPC


Reserved


DL TPC


UL DPCCH slot format #0, DL DPCH slot format #8


0



_1427268083.vsd
�

TFCI 
(7 bits)
a6...a0


TFCI 
code word
b0...b20


(20,7) code



_1427268085.unknown

_1427268514.vsd
DPCCH


DPDCH


UE1


DPCCH


DPDCH


UE2


10ms TTI


10ms TTI


DPCCH


DPDCH


10ms TTI



_1427268515.vsd
DPCCH


DPDCH


UE#1


8 slots


UE#2


UE#3


UE#4


20ms TTI


DPCCH


DPDCH


DPCCH


DPDCH


DPCCH


DPDCH


DPCCH


DPDCH


8 slots


8 slots


8 slots



_1427268513.unknown

_1427268084.unknown

_1427198320.unknown

_1427198383.unknown

_1427268082.vsd
�

Pilot
5 bits


TFCI
3 bits


TPC
2 bits


Slot #0


Slot #7


Slot #i


Slot #6


Slot #j


Slot #14


Slot #0


Slot #14


Slot #k


Pilot
5 bits


ACK
3 bits


TPC
2 bits


1 frame = 10ms


1 frame = 10ms


...


...


...


...


...


...


TTI



_1427198422.unknown

_1427198352.unknown

_1427190178.vsd
0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


16


17


18


19


20


21


22


23


24


25


26


27


28


29


DL

UL


0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


16


17


18


19


20


21


22


23


24


25


26


27


28


29


TPC


Reserved


DL TPC


UL DPCCH slot format #0, DL DPCH slot format #17


0


1



_1427198290.unknown

_1427198217.unknown

_1427190177.vsd
DL @ BS
DL @ MT
UL @ MT
UL @ BS


TPC


SINR estimation


Pilot


Slot #12


Slot #12


TFCI


Data


Reserved


DL TPC


DTCH TTI boundary


UL DPCCH slot format #0, DL DPCH slot format #17


Slot #0


Slot #1


Slot #2


Slot #13


Slot #14


Slot #0


Slot #1


Slot #13


Slot #14



_1427190069.vsd
0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


16


17


18


19


20


21


22


23


24


25


26


27


28


29


DL

UL


0


TPC


1


2


3


Reserved


UL TPC


4


5


6


7


8


9


10


11


12


13


14


15


16


17


18


19


20


21


22


23


24


25


26


27


28


29


UL DPCCH slot format #0, DL DPCH slot format #8



_1427190071.vsd
0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


16


17


18


19


20


21


22


23


24


25


26


27


28


29


DL

UL


0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


16


17


18


19


20


21


22


23


24


25


26


27


28


29


TPC


Reserved


UL TPC


UL DPCCH slot format #0, DL DPCH slot format #20


0



_1427190175.vsd
DL @ BS
DL @ MT
UL @ MT
UL @ BS


Slot #0


Slot #1


Slot #2


Slot #13


Slot #14


UL DPCCH slot format #0, DL DPCH slot format #8


Slot #12


Slot #12


Slot #0


Slot #1


Slot #13


Slot #14


TPC


SINR estimation


Pilot


TFCI


Data


Reserved


DL TPC


DTCH TTI boundary



_1427190070.vsd
DTCH TTI boundary


TPC


SINR estimation


Pilot


TFCI


DL @ BS
DL @ MT
UL @ MT
UL @ BS


Slot #12


Slot #12


Data


Reserved


UL TPC


UL DPCCH slot format #0, DL DPCH slot format #20


Slot #0


Slot #1


Slot #2


Slot #13


Slot #14


Slot #0


Slot #1


Slot #2


Slot #13


Slot #14



_1427189039.vsd
DL TPC delay = 1 slot, UL TPC delay = 2 slots


DL @ BS
DL @ MT
UL @ MT
UL @ BS


TPC


DL TPC


Pilot


TFCI


Data


Reserved


UL TPC


Slot #0


Slot #1


Slot #2


Slot #3


Slot #13


Slot #14



_1427189041.vsd
Slot #0


Slot #1


Slot #2


Slot #3


Slot #13


Slot #14


Slot #0


Slot #1


Slot #2


Slot #3


Slot #13


Slot #14


DL @ BS
DL @ MT
UL @ MT
UL @ BS


TPC


DL TPC


Pilot


TFCI


Data


Reserved


UL TPC


DL TPC delay = 1 slot, UL TPC delay = 2 slots



_1427190068.vsd
UL DPCCH slot format #0, DL DPCH slot format #8


DL @ BS
DL @ MT
UL @ MT
UL @ BS


Slot #12


Slot #12


DTCH TTI boundary


Slot #0


Slot #1


Slot #2


Slot #13


Slot #14


TPC


SINR estimation


Pilot


TFCI


Data


Reserved


UL TPC


Slot #0


Slot #1


Slot #2


Slot #13


Slot #14



_1427189040.vsd
DL TPC delay = 2 slots, UL TPC delay = 2 slots


TPC


DL TPC


Pilot


TFCI


DL @ BS
DL @ MT
UL @ MT
UL @ BS


Slot #0


Slot #1


Slot #2


Slot #3


Slot #13


Slot #14


Slot #0


Slot #1


Slot #2


Slot #3


Slot #13


Slot #14


Data


Reserved


UL TPC



_1269167373.unknown

_1405544829.unknown

_1427189038.vsd
Slot format #17 (1 TPC symbol @ original position, no pilot field)


Data1

Data2

TPC

Slot format #18 (2 TPC symbols @ original position, no pilot field)


Data1

Data2

TPC

Slot format #19 (1 TPC symbol @ the end of slot, no pilot field)


Data1

Slot format #20 (2 TPC symbols @ the end of slot, no pilot field)


TPC

Data1

TPC


_1405544828.unknown

_1263286178.unknown

_1263286141.unknown

