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1 Introduction

The need to enhance the HS-SCCH channel for support of real-time services such as VoIP was identified in [1] and [2]. It was shown in [2] that the Rel-6 HS-SCCH channel requires high transmit power levels, which limits the ability to support a large number of simultaneously scheduled VoIP transmissions. The reasons for the high transmit power requirement of the HS-SCCH channel are the following.

· The HS-SCCH payload is significant as compared to the size of the VoIP transmissions.

· Independent coding for part 1 and part 2 of the HS-SCCH limits time diversity gain and requires large fade margins for successful HS-SCCH decoding.

· Unlike the HS-DSCH channel, HS-SCCH lacks diversity gain due to HARQ. If, in addition, both the transmitter and receiver use single antennas, then HS-SCCH benefits from practically no diversity gain, which also necessitates large fade margins to be applied on the transmit power.

A proposal on the improvement for HS-SCCH has been presented in [2], [3] and was agreed at the RAN1#44bis meeting to be considered as an option in the technical report on continuous connectivity [4]. In this contribution, we discuss further details on a new mode for HS-SCCH for VoIP services that is designed to overcome the above limitations by exploiting some characteristics of VoIP and other latency-sensitive traffic.

2 Restricted HS-SCCH Mode for VoIP

2.1 HSDPA Operation with the Restricted HS-SCCH

The objective of the restricted HS-SCCH is to reduce HS-SCCH power requirements compared to the existing Rel-6 HS-SCCH (henceforth called legacy HS-SCCH) by

· eliminating HS-SCCH transmissions during HARQ retransmissions,

· reducing the payload carried over the HS-SCCH during new transmissions, and

· jointly encoding the entire HS-SCCH payload and transmitting the codeword over all three slots of HS-SCCH transmission, in contrast to the existing scheme where part 1 and part 2 HS-SCCH information are encoded and transmitted independently. We discuss in Section 2.5 how this affects the ability of the UE to detect the HS-SCCH in time to start buffering HS-PDSCH signals.

Under the proposed scheme, higher layers configure each HSDPA flow to use either the legacy HS-SCCH or the restricted HS-SCCH that is proposed in this contribution, depending on the type of traffic carried on the flow (e.g., VoIP or best effort) and on whether or not the UE is capable of receiving the restricted HS-SCCH. Once a flow is thus configured, the Node-B transmits the specified type of HS-SCCH to the UE whenever that flow is scheduled. 

The physical channel slot structure of the restricted HS-SCCH is the same as that of the legacy HS-SCCH. As in the current specification, the network configures each cell with a set of HS-SCCH channelization codes at SF128, and configures each HSDPA UE to monitor at most four of these codes. Any of the HS-SCCH channelization codes in the cell may be used in any TTI to carry either a legacy HS-SCCH or an restricted HS-SCCH. In other words, both the legacy HS-SCCH and the restricted  HS-SCCH share the same set of channelization codes, and there is no need to reserve certain HS-SCCH codes for the enhanced mode of operation.

It is possible for a user to use both the legacy HS-SCCH and the restricted HS-SCCH if the user is configured with both a VoIP flow and a non-VoIP flow simultaneously. In this case, any one of the HS-SCCH codes monitored by the UE may be used in a given TTI to carry a legacy HS-SCCH or the restricted HS-SCCH in a TTI, depending on which of the user’s flows is scheduled. 

2.1.1 HARQ Operation and Signalling

The following changes to HARQ operation are made for an HSDPA flow that is configured to use the restricted HS-SCCH.

· Synchronous HARQ retransmissions are used for the flow. In other words, the nth HARQ transmission for a packet is implicitly scheduled at a fixed time following the (n-1)th failed transmission, provided that HARQ is not terminated. This allows the UE to determine the time of a retransmission without relying on HS-SCCH signalling. The scheduler may still terminate HARQ for any packet arbitrarily at any time. New transmissions can be scheduled at any time, just like in the current operation.

· The restricted HS-SCCH is transmitted along with a new HARQ transmission for this flow. No HS-SCCH is transmitted for a retransmission. The possible issue of buffer corruption due to this is addressed in Section 3.

· A maximum limit is imposed on the number of HARQ transmissions for this flow. The maximum number of HARQ transmissions for the flow is configured by higher layers. Since there is no HS-SCCH transmission during retransmissions, there is a need to bound the number of retransmissions that the UE will consider after the initial transmission. In the absence of such a restriction, one can think of scenarios when the UE will be unable to determine exactly when the Node-B has terminated HARQ for a packet, thereby leading to unnecessary NACK transmissions on the HS-DPCCH. 

· The restricted HS-SCCH does not carry any HARQ information. The HARQ process number is not required because of synchronous retransmissions: there is no ambiguity at the UE in associating a retransmission with the corresponding first transmission. When the restricted HS-SCCH is used, the redundancy version (RV) parameter is implicitly determined by the HARQ transmission number. The design of the sequence of RV parameters as a function of the HARQ transmission number is FFS. The new data indicator is not required since the restricted HS-SCCH is transmitted only for new transmissions.

2.1.2 Signalling of Transport Format

The following modifications apply to HSDPA flows that are associated with the restricted HS-SCCH.

· Only QPSK modulation is allowed. 

· Only one OVSF code is allowed per HS-DSCH transmission, whereby the code for any transmission is chosen from a set of up to four codes that is configured by higher layers for that flow. Higher layers also signal a fixed mapping between the set of HS-SCCH codes that are monitored by the UE and a corresponding set of HS-PDSCH channelization codes, such that the HS-PDSCH channelization code used in a new HS-DSCH transmission is uniquely determined by the HS-SCCH code on which this transmission is signalled, without explicitly transmitting any channelization code information on the HS-SCCH. It is important to note that this scheme does not impose any additional restriction on the ability of the MAC-hs scheduler to schedule a particular set of code multiplexed VoIP users, compared to a scheme where one code from a pre-defined set of four channelization codes is explicitly signalled on the HS-SCCH using 2 bits. An example of how the network can allocate codes using this scheme is the following.  If there are M  HS-SCCH  channels configured in a cell, no more than M  HS-PDSCH codes may be used in one TTI for transmission of VoIP flows, due to the restriction that each VoIP flow may use no more than one code. Therefore, the network may impose a one-to-one mapping between the set of M HS-SCCH channels and a set of M  HS-PDSCH codes, and use any remaining HS-PDSCH codes only for non-VoIP flows. An example of this scheme is shown in Figure 1, where M=6 HS-SCCH channels are available, and 10 OVSF codes, numbered 7 through 16, are available for HS-PDSCH. The network may establish a mapping between HS-SCCH and HS-PDSCH codes as shown in the figure. The network would then signal portions of this mapping to each UE based on the set of HS-SCCH channels that are monitored by that UE. The channelization code mapping is used only for transmissions that use the restricted HS-SCCH. Legacy HS-SCCH will continue to operate as specified in the Release-6 specification, whereby any HS-SCCH channel that is monitored by the UE may be used in conjunction with any set of HS-PDSCH channelization codes.



Figure 1. Mapping between HS-SCCH channels and HS-PDSCH codes that enables the UE to determine the transmitted HS-PDSCH code without explicit signnaling on HS-SCCH.
· The channelization code used for a retransmission must be the same as the one used in the original transmission of that MAC-hs PDU.

· Choice of transport block size is limited to one of at most four different pre-configured transport block sizes. The set of up to four allowed block sizes is configured by higher layers. The restricted HS-SCCH signals an index into this set of block sizes. 

The selection of the above restrictions is based on the characteristics of VoIP transmissions.  Simulation studies have shown that there is no significant degradation in VoIP performance or capacity by eliminating the use of 16-QAM modulation and by limiting the number of HS-PDSCH codes per transmission to one. Simulations have also shown that no more than three block sizes are used most of the time for VoIP transmissions. Multiple block sizes are required to support silence (SID) frames and voice frame aggregation in the MAC-hs layer, whereby the MAC-hs scheduler concatenates one or more MAC-d PDUs in one MAC-hs PDU. 

The size of the pre-configured set of channelization codes for a flow is selected to balance a trade-off between HS-SCCH signalling requirements and the flexibility that is provided to the scheduler in code multiplexing different VoIP users in one TTI. If the size of the set is larger than four, we will require at least one bit of additional HS-SCCH signalling for channelization code information, and thereby increase its transmit power requirements. If the size of the pre-configured set of codes is smaller than four, the scheduler may find it difficult to multiplex certain sets of users together in a TTI. If the scheduler selects a set of K users to be code multiplexed in a TTI, then for successful allocation of unique codes to each of them, the restricted channelization sets for the K users must satisfy the following criterion: there exists a code c(k) in the kth user’s restricted code set such that c(k1) ( c(k2) whenever k1 ( k2. This becomes less likely as the size of the restricted code set is reduced. 




2.2 HS-SCCH Payload 

The HS-SCCH fields carried on the restricted HS-SCCH for new HARQ transmissions are described below. Table 1 provides a comparative summary of the HS-SCCH payload for the legacy design and the proposed restricted HS-SCCH.

Table 1. Comparison of payload between the restricted HS-SCCH and legacy HS-SCCH.

	
	Number of bits for the existing HS-SCCH
	Number of bits for the new HS-SCCH mode

	New data indicator
	1
	0

	Redundancy and constellation version
	3
	0

	HARQ process
	3
	0

	Transport block size
	6
	2

	Modulation scheme
	1
	0

	Channelization code set
	7
	0

	UE ID
	16
	16

	Total number of bits
	37
	18


· Channelization-code-set (CCS) information (0 bits). As described in Section 2.1.2, the restricted HS-SCCH does not require explicit signalling of channelization code information.

· Modulation scheme information (0 bits). Signalling of modulation is not required since 16-QAM is not allowed.

· Transport block size (TBS) information (2 bits). As described in Section 2.1.2, the HS-SCCH needs to identify one of four pre-defined block sizes for a VoIP flow, which requires 2 bits. The HS-SCCH transmits a 2-bit index into the pre-configured set of at most four transport block sizes that is configured by higher layers.

· HARQ process information (0 bits). Signalling of HARQ process information is not required because of synchronous HARQ. 
· Redundancy and constellation version (0 bits). The RV parameters are derived from the HARQ transmission number, and are therefore not required to be signalled.
· New data indicator (0 bits). Since the restricted HS-SCCH is transmitted only for new transmissions, the new data indicator is not required.
· UE identity (16 bits). In order to signal the identity of the intended recipient UE, the restricted HS-SCCH will continue to use the 16-bit H-RNTI as the UE identity. 
Based on the reduction in payload alone, and assuming that coding gain remains unchanged, the relative gain in HS-SCCH performance can be calculated as 
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dB. The restricted HS-SCCH also benefits from an additional coding gain, since it operates at a lower code rate than the existing HS-SCCH, which uses puncturing.  Furthermore, in addition to the gains due to payload reduction and more coding, the restricted HS-SCCH yields a gain in fade margins because of joint encoding of the entire payload and transmission over three slots using an interleaver.

2.3 Coding for HS-SCCH

A block diagram of the restricted HS-SCCH coding chain is shown in Figure 2. The coding chain is described below.
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Figure 2. Coding for restricted HS-SCCH

· CRC addition. A 16-bit UE-specific CRC is added to the 2-bit TBS information. To do this, a 16-bit CRC is first computed corresponding to the 2 TBS bits, according to the specification in Section 4.2.1 in [5]. The CRC remainder is then masked with the 16-bit UE ID as specified in Section 4.6.4 in [5]. The block obtained after CRC addition is 18 bits long.

· Channel coding. The 18-bit bock is encoded using the rate 1/3, constraint length 9 convolutional code that is used in the current HS-SCCH specification. The output of the encoder has 78 coded bits, including tail bits.

· Rate matching.  Repetition is performed according to the specification in Section 4.2.7 in [5] to match the 78 coded bits to 120 physical channel bits.

· Interleaving. A channel interleaver is used on the coded bits after rate matching according to the specification of the “2nd interleaver” in Section 4.2.11 in [5].

· Physical channel mapping. The 120 bits from the output of the channel interleaver are mapped in sequence to the 120 physical channel bits available in the HS-SCCH subframe.

2.4 HS-SCCH Physical Channel Structure

The physical channel structure of the restricted HS-SCCH is identical to that of the legacy HS-SCCH: it has a fixed rate of 60kbps, operates at SF=128 and is transmitted over an HS-SCCH subframe that is 3 slots long. Timing of the HS-SCCH relative to HS-PDSCH also remains unchanged.

2.5 UE Reception of the Restricted HS-SCCH

One of the consequences of encoding HS-SCCH information jointly across the whole 2ms TTI is that the UE will need to wait till the end of the HS-SCCH TTI in order to decode it. However, it may be desirable for the UE to detect the information it requires to start buffering and processing HS-PDSCH signals before the beginning of the corresponding  HS-PDSCH transmission. A simple method is suggested in this section that can be used by the UE to detect the HS-SCCH after receiving only the first slot of HS-SCCH transmission.

The method exploits the fact that there are only four possible HS-SCCH codewords—corresponding to the four choices for transport block size—that could possibly be intended for a particular UE. The total number of codewords that may be transmitted on the restricted HS-SCCH is 
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corresponding to the different values taken by the 16-bit UE ID and the 2-bit TBS. Since the UE ID is fixed for any particular UE, it is only required to detect the presence of any of the four codewords that correspond to the UE. The UE may pre-compute the list of four HS-SCCH codewords that are consistent with its UE ID, and store only the portions of these codewords that are transmitted in the first slot. Upon receiving the first slot of HS-SCCH signal, the UE would compute a confidence metric by comparing the partial received signal with the stored set of four partial codewords, and use the maximum of the four metrics as a measure of confidence that the corresponding HS-SCCH transmission was intended for it. The confidence metric may be computed based on the distance metric between the received signal and the stored partial codewords, or, equivalently, as the correlation of the received signal with the partial codewords. A decision to start buffering the corresponding HS-PDSCH code can be made by performing a threshold test on this confidence measure. Choice of the threshold can be made to ensure a desired low probability of mis-detection. 

Once the UE detects that a particular restricted HS-SCCH transmission is intended for it, no other information is required from the HS-SCCH for the UE to start buffering the HS-PDSCH signal, since the channelization code is known from the HS-SCCH channel number, and modulation is always QPSK.

3 Unexpected and Erroneous Events

In this section, we discuss some unexpected error events that may occur when the restricted HS-SCCH is used. It is shown that some of the error events can be mitigated by following some simple rules at the transmitter, that the error events that cannot be eliminated in this manner have a very small probability of occurrence, and that each error event leads to a possible loss of no more than one MAC-hs PDU.

3.1 ACK/NACK not received in response to a new transmission

Suppose that in a TTI in which a UE is not expecting a HARQ retransmission, the Node-B transmits a new HARQ transmission to the UE along with the corresponding restricted HS-SCCH, but the UE misses detection of the HS-SCCH. Without further corrective action the packet will be lost in this case, since HS-SCCH is not transmitted with the retransmissions, and therefore the UE will never be able to receive any of the HARQ transmissions for this packet.

This error event can be resolved by requiring that whenever the Node-B does not detect an ACK/NACK corresponding to a new transmission, it will transmit the new transmission again, along with the HS-SCCH. 

3.2 Buffer corruption

Consider the case when the UE is expecting a retransmission of a packet in a specific TTI, but the Node-B decides to transmit a fresh transmission of a new packet to the UE in that TTI. This may happen if the Node-B decides to pre-empt the retransmission with a fresh transmission, or if the Node-B had incorrectly detected an ACK when a NACK was transmitted. Suppose further that the UE misses HS-SCCH detection for this new transmission. In this case the UE will assume that it has received a retransmission of the old packet, and will HARQ-combine the received signal with the contents of the IR buffer for the old packet. This will lead to buffer corruption for the new packet, with the likely result that the new packet is lost. The effect of the error event is restricted to just one packet, however, since the UE will be able to receive the next new transmission by decoding the corresponding HS-SCCH.

Probability of the above error event is reduced by the use of a limit on the maximum number of HARQ transmissions, since it reduces the probability of the Node-B terminating HARQ of a packet without the UE’s knowledge. In fact, if the MAC-hs scheduler ensures that a retransmission is never pre-empted before exhausting the maximum number of transmissions, then the only way in which buffer corruption could occur is due to a NACK -> ACK detection error followed by mis-detection of the HS-SCCH for the new transmission. Assuming independent errors on the HS-DPCCH and HS-SCCH, the probability of this event is P[NACK->ACK]*P[HS-SCCH misdetection], which is smaller than 0.01%. Since this probability is much smaller than the target error rate for VoIP kind of applications, we can conclude that buffer corruption due to the restricted HS-SCCH is not a significant problem.

3.3 HS-SCCH misdetection followed by ACK false alarm

This is a scenario in which the restricted HS-SCCH would perform better than the legacy HS-SCCH. Consider the case when HS-SCCH detection fails for a transmission, and the UE therefore does not send ACK/NACK in response, but the Node-B incorrectly detects an ACK (ACK false alarm). This causes the loss of one packet. The probability of this error event in the case of new transmissions is exactly the same for both legacy and restricted HS-SCCHs. The restricted HS-SCCH has the added advantage over the legacy channel in that, since the restricted HS-SCCH is not transmitted during retransmissions, this error event can never occur during retransmissions. The probability of this error event during a retransmission is the same as in the case of a new transmission when the legacy HS-SCCH is used. The probability that a packet is lost due to this error event can be computed as P[HS-SCCH misdetection]*P[DTX->ACK], which is in the order of 0.01%. The effect of such an error is localized to only one packet, since the next fresh transmission will be received once the corresponding HS-SCCH is correctly decoded. 

3.4 HS-SCCH misdetection followed by NACK false alarm

This is the same scenario as in Section 3.3 except that DTX is interpreted as NACK on the HS-DPCCH. This will likely not lead to a packet loss in the case of the legacy HS-SCCH since it would just lead to another retransmission which will be received by the UE. However, with the restricted HS-SCCH, this packet will be lost since the UE will not receive any retransmissions of this packet. This is also a rare event, with a probability P[HS-SCCH misdetection]*P[DTX ->NACK] ( 0.01% that a packet is lost in this manner. The effect of this error event is also localized to just one packet.




4 Performance Analysis

Link performance results for the restricted HS-SCCH are presented in this section, and are compared with the performance of the legacy HS-SCCH channel. The simulation assumptions are summarized in Table 2. 

Table 2. Simulation assumptions

	Simulation parameter
	Value or assumption

	Links simulated
	HS-SCCH

	UE Geometry
	5 dB

	HS-SCCH transmit power
	Constant (varied across different simulations)

	Channel
	Case 1: static AWGN

Case 2: single path Rayleigh

	Channel estimation
	Ideal

	Number of cell transmit antennas
	1

	Number of UE receive antennas
	1


HS-SCCH word error rate as a function of HS-SCCH transmit power fraction in a static AWGN channel is shown in Figure 3 for both the legacy HS-SCCH and the proposed restricted HS-SCCH. The results from Figure 3 show that the link gain in an AWGN channel is approximately 3.7 dB for an HS-SCCH word error rate of 1%.
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Figure 3. Link error performance of legacy HS-SCCH and restricted HS-SCCH under static AWGN channel. Geometry = 5 dB.

The comparison of link performance under single-path Rayleigh fading channel is shown in Figure 4 for different values of Doppler. From the figure, the gain of using the restricted HS-SCCH over the legacy HS-SCCH in single path Rayleigh channels is seen to be between 4.5 dB and 7 dB, depending on the Doppler.
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Figure 4. Link error performance of legacy HS-SCCH and restricted HS-SCCH under a 1-path Rayleigh channel. Geometry = 5 dB.

5 Conclusion and Recommendation

In this contribution we have proposed a new mode of operation for the HS-SCCH channel with a view to improve VoIP performance and capacity. The proposed modifications are mostly in the form of simplifications of the existing HS-SCCH design, without imposing significant additional computational burden on the UE. The proposed new HS-SCCH mode is completely backwards compatible with the existing HS-SCCH: it does not impose any additional constraints on or otherwise affect legacy HS-SCCH operation. The restricted HS-SCCH operation provides gains in the following ways:

· HS-SCCH transmissions are eliminated during retransmissions;

· A link gain of close to 4 dB is obtained relative to the existing HS-SCCH for new transmissions, due to reduction in payload and by avoiding puncturing;

· An additional gain is obtained in the form of reduced fade margins due to joint coding across the entire TTI and the use of an interleaver. The link gain relative to existing HS-SCCH in single path Rayleigh fading ranges from 4.5 dB to 7 dB.

We recommend that the proposed design for an restricted HS-SCCH be included in the TR on continuous connectivity [4].
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