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Introduction

In this document we consider the performance of HSDPA as a function of the number of Shared Control Channels. This is considered both in terms of the number of SCCH allocated by the Node B and the number of SCCH which a UE can receive.

This topic is of interest because each SCCH requires its own chanelisation code. Furthermore any active SCCH may need to sent with significant downlink power. Power used by SCCH is not available for HS-DSCH. Any savings of power or code space can be used to increase HSDPA throughput. 

Similarly, any requirement on the UE to monitor HI or a number of SCCH may have a significant impact on complexity and power consumption. These considerations will be relevant in selecting the solution implemented in the specifications. 

The HI was originally proposed so that the UE did not need to monitor multiple SCCH’s. However, the use of HI does have some significant drawbacks. Therefore some deployment options are considered, both with and without the HI.

Finally some recommendations are made.

Background

Currently the working assumptions for packet transmission in HSDPA for UMTS FDD mode are as follows: The presence of a packet on the HS-DSCH may be indicated to a specific UE using one of up to four control channels (HS-SCCH) allocated to that UE. In general, when more than one SCCH is allocated to a UE, the particular HS-SCCH being used is signalled using a 2 bit HI which is inserted into the downlink DPCH by puncturing. Slightly different provisions apply if the previous HS-SCCH indicated a packet for that UE. In this case, the same HS-SCCH is assumed to be used in the next TTI. The HS-SCCH are distinguished by different spreading codes.

These working assumptions support some flexibility in scheduling multiple packets to different UE’s in the same TTI (or sub-frame). This is required to allow high system throughputs to be achieved in a cell with UE’s that do not have the capability to receive all the HSDPA downlink resource. For example, the UE’s may be able to receive only 5 spreading codes while there may be up to 15 available. 

The main reasons for using the HI are to reduce UE complexity and power consumption. Thus a UE only needs to monitor the HI, rather than continuously receive all the HS-SCCH allocated to it.

However, the use of HI has some drawbacks. Firstly the DPCH is punctured which effectively creates extra slot formats and adds some complexity to Node B and UE. Also the power needed for HI can be quite high if it is to be reliably received at the cell edge. This may potentially affect the power available for other DPCH’s. In soft handover, the UE may need to combine DPCH’s from more than one Node B. In general these DPCH will be differently punctured, which will lead to complications in soft combining. 

This leads to the provision of a special case, which is that if there is only one HS-SCCH allocated to each UE, then the HI is not required. The UE would then directly monitor its allocated HS-SCCH instead of the HI. However, there may be an issue of potential restrictions on packet scheduling flexibility if more than one UE has the same HS-SCCH allocation. 

Results

Number of SCCH’s Needed

Firstly we consider the number of SCCH that the Node B needs to transmit. Here we assume that each UE is allocated one or more SCCH’s which it must monitor continuously either directly or via the HI, in order to be informed of when a packet is sent.

To obtain an indication of an upper limit of number of SCCH’s which might be needed, we consider the case of low-end UE’s which can receive only 5 spreading codes. Other parameters are as given in Annex A. These are intended to represent a typical deployment with 10 codes allocated to HSDPA and 12 UE’s per cell. Thus the assumed UE capability implies that at least 2 UE’s would need to be scheduled per TTI in order to reach full system capacity.

Performance (throughput and 95 percentile delay) is given for various SCCH configurations in Figure 1 and 2.

We can see that close to the maximum performance can be reached by allocating 4 SSCH at the Node B, with the UE monitoring at least 2 of them. This could be achieved either by monitoring HI, or the SCCH’s directly. Some performance loss is seen if the UE only receives one SCCH. However, this loss is regained if the UE can receive 10 channelisation codes. But with low capability UE’s, sending only one SCCH from the Node B is clearly inadequate.
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Figure 1: Throughput vs offered load for various SCCH configurations (Node B transmitting 1, 4 or 8 SCCH, and UE monitoring 1,2, or 4 SCCH)
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Figure 2: 95 percentile delay  vs offered load for various SCCH configurations (Node B transmitting 1, 4 or 8 SCCH, and UE monitoring 1,2, or 4 SCCH)

Comparison of different schemes

Now we consider the question of how many SCCH the UE needs to monitor. Thus we examine in more detail the following cases, based on transmission of four SCCH by the Node B. 

A. Each UE effectively monitors four SCCH by using the HI

B. Each UE monitors two of four SCCH 

C. Each UE monitors one of four SCCH

D. As for case (C) but the minimum UE capability is to receive 10 codes instead of 5

E. Each UE has a unique SCCH allocation

The performance results for these cases are shown in Figures 3 and 4 for throughput and 95 percentile delay respectively.

We can see that maximum performance is achieved by schemes using HI, the UE monitoring two SCCH, increased UE capability or unique SCCH per UE.

The case where the UE only monitors one control channel shows a slight reduction in performance.
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Figure 3: Throughput vs offered load for various schemes under typical conditions 
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Figure 4: 95 percentile delay vs offered load for various schemes under typical conditions 

Comparison of different schemes


Scheme
Pros
Cons

A
HI
Low UE complexity (UE monitors HI);

Good performance
High power needed to achieve reliable detection of HI;

Puncturing of DL DPCH;

HI detection adds an extra step in HSDPA process 

Specifications become more complex;

More difficult to test

B
UE receives 2

SCCH
Good performance
Increased UE complexity and power consumption (UE monitors 2 SCCH)

C
UE receives 1 SCCH
Low complexity (UE monitors one SCCH)
Slightly lower performance

D
(C) with increased UE code capability
Good performance
Increased complexity for low end UE’s

E
Unique SCCH allocation per UE
Best potential performance;

Low UE complexity
May require significant code resource and some extra downlink power for multiple SCCH’s

Notes:-

1. The SSCH allocation is not unique to each UE (except in scheme E).

2. Extra SCCH’s (scheme E) can also be added in any other case.

3. The downlink power needed for HI and SCCH(s) has not been included in the performance estimates. This will tend to reduce effective throughput for schemes which manage to schedule more packets per TTI.

Conclusions

From the discussion we conclude the following for typical HSDPA deployment with only low-end UE’s present:-

· At the Node B, four SCCH is enough to achieve maximum performance

· At the UE, monitoring only one SCCH leads to only minor performance loss

If necessary the following measures could be considered to maintain performance

· Use HI (current working assumption)

· UE monitors two SCCH

· Allocate extra SCCH (towards unique SCCH per UE – this is already supported)

· Increase minimum UE code capability (e.g. from 5 to 10 channelisation codes)

Note that there appears to be no need for high end UE’s to use HI or be allocated more than one SCCH. 

With larger numbers of active UE’s than considered here it may be beneficial for more SCCH(s) to be deployed by the Node B.

Finally, we conclude that HI is definitely not required in order to achieve the full benefits of HSDPA, particularly in the UE can monitor two HS-SCCH.

The solution where the UE only monitors one SCCH is a good compromise between UE complexity, power consumption and performance. It may turn out to offer the best overall performance when power needed for HI and SSCH(s) is considered.

Recommendations

(1) The HI is dropped from HSDPA and the UE is required to monitor only one (or possibly two) HS-SCCH.

OR

(2) The HI is retained and only used when more than two HS-SCCH’s are allocated to the UE.

Annex A: Simulation Assumptions

System Details

The following assumptions are used unless otherwise stated:-

· Hexagonal 19-cell layout

· Representative segment of central cell considered for throughput estimate

· Number of UE’s (per cell) = 12

· Static TTI = 3slots (2ms)

· Propagation exponent =3.76

· Single path Rayleigh fast fading model (flat spectrum) 

· Channel conditions stationary during a TTI

· UE speed 3km/hr

· Standard deviation of log-normal shadowing = 8dB

· Shadowing correlation between sites = 0.5

· Thermal noise neglected

· 30% of Node B power allocated to common channels etc in all cells

· 70% of Node B power allocated to HSDPA in all interfering cells

· 70% of Node B power available to HSDPA in wanted cell

· Overheads due to dedicated channels associated with HSDPA not considered

· 10 spreading codes available for HSDPA 

· UE capability: 5 spreading codes

· Spreading factor = 16

· Modulation and Coding Schemes : 

· 1
QPSK ¼ rate 

· 2
QPSK ½ rate 

· 3
QPSK ¾ rate

· 4
16-QAM ½ rate 

· 5
16-QAM 3/4 rate 

· Equal transmission power per code.

· FER: from SIR and block code performance bounds (see  TSGR1#16 (00) 1202, “Throughput of HSDPA”, Philips)

· Perfect channel estimation for decoding at UE

· No loss of orthogonality on downlink 

· Signalling assumed to be error free

· Minimum re-transmission delay = 3 TTI’s (This is the minimum time between a first transmission and a subsequent retransmission. It includes a delay for signalling the ACK/NACK and any scheduling delay)

· Scheduling delay = 1 TTI (Delay between Node B decision on the schedule and start of data transmission)

· Measurement delay =  0 TTI (Consistent with channel quality being determined using downlink power control information) 

· Error in Downlink C/I estimation at Node B

· Contribution due to SIR of pilot bits at UE:


SIR dependent

· Contribution assumed from various implementation losses
0.5dB rms

· Simulation duration 2000 TTI’s

Traffic Model

To represent streaming services we assume that the offered load is comprised of one constant rate data stream per UE. For simplicity we also assume equal bit rates for each data stream. The data for each user is assumed to arrive at a queue in the Node B, and the queue is updated every TTI.

ARQ scheme 

We assume that one CRC is attached per packet.

As a default, Chase combining of re-transmissions is assumed. An erroneous packet is re-transmitted with the same MCS. Perfect maximum ratio combining is assumed, and the final SIR is computed as the sum of the SIR’s of the two packets to be combined.

Scheduling Algorithm

The scheduler used here is intended to maximise system throughputs. The user which can send the largest packet is scheduled first. This will depend on the CIR (and hence the selected modulation and coding scheme), the amount of data in the queue for that user, the maximum number of channelisation codes that the user can receive.

In general we assume that:

· A data packet for any user can be allocated to any chanelisation code.

· More than one channelisation code can be allocated to one user. The code block size is equal to the amount of data that can be sent with one channelisation code, which means that a “packet” may comprise multiple code blocks sent in parallel within one TTI.

· Re-transmissions and first transmissions to the same user are not allowed within the same TTI.

· The modulation, coding scheme and power level for first transmissions are chosen to maximise throughput.

· All re-transmissions are scheduled before first transmissions, thus giving them a higher priority, and no first transmissions are allowed to a UE while any re-transmissions remain to be sent.  

· The modulation and coding scheme of a re-transmission is the same as for the first transmission.

· The available channelisation codes are allocated in sequence, until the total available power is exhausted.
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