3GPP TSG RAN WG1#24





Tdoc R1-02-0447
Orlando, USA, 18th – 22nd February, 2002




Agenda Item:
6

Source: 
Philips

Title:
Unblocking HS-SCCH conflicts (rev1)
Document for:
Discussion and Decision

This is a revised version of R1-02-0353 with new results added in Annex B

Introduction

In this document we consider the problem of performance of the HSDPA when all the active UE’s have the same HS-SCCH allocation. This imposes some restrictions on the scheduler and may therefore limit performance in terms of throughput and delay. 

Although several HS-SCCH may be deployed, in the worst case scenario, all the active UE’s will have the same allocation. This can be considered a blocking of HS-SCCH resource. 

Some possible solutions for unblocking are as follows:-

(1) Re-allocation of different HS-SCCH’s to one or more UE’s using RRC signalling. This needs the involvement of RNC and is could be slow.

(2) Re-allocation using Layer 1 signalling. This would allow the Node B to act independently of RNC. The signalling could be carried in a number of ways e.g. by sending messages by stealing bits on the associated downlink DPCH [1], or adding extra information to the HS-SCCH. Reliability of the message could be one problem.

(3) Automatic reallocation of HS-SCCH’s from one TTI to the next. This is analogous to frequency hopping. Each UE could have a different hopping pattern (subject to there being enough hopping sequences available). Then, typically, if HS-SCCH became blocked in one TTI it would be unblocked in the next.

The current working assumption is that the UE monitors four control channels, aided by the HI.  It has been proposed elsewhere that the system may be simplified by not using the HI. This in turn leads to the idea that the UE would only monitor one or two control channels. However, it has been suggested that resource blocking problems arise when this possibility is considered.

In this paper we consider option (3) in more detail.

Proposal

Suitable hopping patterns (for the case where the UE monitors one HS-SCCH) can be represented as:
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(1)

Where nSCCH is the number of the SCCH channel to be used (within the set allocated to that UE), nTTI is the number of the TTI in the radio frame, NSSCH is the total number of control channels available, a and b are parameters which could take values from 0, to NSSCH-1.

As an example, if NSSCH = 4, a=0, b=1, the sequence of nSSCH values over one 10ms frame would be 0,1,2,3,0,1. As another example, if a=1, b=3, the sequence of nSSCH values over one 10ms frame would be 1,0,3,2,1,0. Clearly if b=0, then we have fixed HS-SCCH allocation. 

Thus each UE starting a HSDPA session would be informed by the network of the set of HS-SCCH it is to use, and values of a and b. Not all possible combinations lead to good hopping sequences, but this could be taken into account when choosing the parameters in the Node B.

If the UE is to monitor two SCCH then the two parameter sets could either be signalled independently or derived from one parameter set with a defined relation to the other (e.g {a,b} for the first channel implies {a+1,b} for the second channel).  

For reasonable flexibility it should be sufficient to allow 3 bits each for a and b. This would allow definition of up to 64 sequences.

Equation (1) will clearly generate valid hopping sequence for values of a and b higher than NSSCH, but these are not distinct.

Results

The results presented here are for system simulation parameters generally as in [2], except that we now have 49 active UE’s (see Annex A). The traffic model is intended to represent constant bit rate streaming up to about 100kbps per UE.

Case
Number of SCCH transmitted by Node B
Number of SCCH received by UE
Comment

A
1
1
Worst case: All active UE’s allocated the same SCCH. 

B
2
2
Worst case: All active UE’s allocated the same pair of SCCH

C
4
4
All active UE’s allocated the same four SSCH. (HI assumed)

D
7
4
As for C but with more SSCH used at the Node B

E
4
1
SCCH hopping, with UE receiving one SCCH

F
4
2
SCCH hopping with UE receiving two SCCH

Note that the actual number of SCCH allocated by the Node B has no effect in cases A and B, since we assume as a worst case that any more than one or two channels are blocked.

The hopping sequences in cases E and F were derived by taking values of a and b from 0 to 6, allowing 49 different combinations (unique per UE). However, the sequences are not all distinct for the case of four SCCH. 
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Figure 1: Throughput vs offered load for various SCCH configurations (Node B transmitting 1, 4 or 7 SCCH, and UE monitoring 1,2, or 4 SCCH)

The differences can be most clearly seen when considering 95 percentile delay. 

For Case A the performance is relatively poor, which shows the effect of worst case SCCH blocking if the UE only monitors one HS-SCCH. The worst case situation is improved if the UE can monitor two SCCH, as in case B. If the UE can monitor as many as four SCCH, aided by the HI, (as in case C), then almost the maximum performance can be achieved, and very little further improvement is obtained by increasing the number of SCCH to 7 (as in case D).

If we assume that the Node B has allocated 4 SCCH, then the addition of SCCH hopping improves the worst situation considerably (Cases E and F). Note that the hopping patterns are not unique per UE. This could be achieved by deploying more HS-SCCH, but seems not be critical to performance. 


[image: image3.wmf]0

1x10

6

2x10

6

3x10

6

4x10

6

5x10

6

0.0

0.2

0.4

0.6

0.8

1.0

95 percentile delay (s)

Offered load (bps)

  (A) Tx 1, Rx 1

  (B) Tx 2, Rx 2

  (C) Tx 4, Rx 4

  (D) Tx 7, Rx 4

  (E) Tx 4, Rx 1, hop

  (F) Tx 4, Rx 2, hop


Figure 2: 95 percentile delay  vs offered load for various SCCH configurations (Node B transmitting 1, 4 or 7 SCCH, and UE monitoring 1,2, or 4 SCCH)

Conclusions

Using hopping sequences to control SCCH assignment avoids the resource-blocking problem which may occur if the UE is required to monitor only one (or two) SCCH. The extra complexity is minimal and the only additional requirement is a few extra higher layer signalling bits when setting up a HSDPA link.

This technique can be adopted under current working assumptions which only require the UE to monitor one HS-SCCH when no HI is used.

It can also be used in combination with any Layer 1 signalling scheme for changing the set of HS-SCCH allocated to a UE.

Some text proposals covering various possible decisions in RAN1 are provided. It is not yet clear which is the most appropriate part of the specification.
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Text Proposal (A) for TR 25.858 or 25.214

(case where HI is retained in specification)

Downlink DPCH

 In case multiple HS-SCCH are configured for a UE, the downlink DPCH may carry an HS-DSCH Indicator (HI), in addition to non-HS-DSCH-related physical-layer signalling and DCH transport channels. The HI consists of two information bits that indicate the HS-SCCH that carries the HS-DSCH-related signalling for the corresponding UE. The HI is transmitted in every third slot. If no HS-SCCH carries HS-DSCH-related signalling to the UE in a TTI, the HI is not transmitted (DTX) during the corresponding TTI. As an example, if the HI is transmitted as one QPSK symbol, the possible signalling points are as in Error! Reference source not found..  The QPSK symbol carrying the HI is punctured on the DPDCH.   The puncturing position is TBD.
The transmission or otherwise of HI is indicated by a higher layer parameter. In the case of multiple HS-SCCH and no HI, the UE shall decode the HS-SCCH indicated by equation (X) 

[image: image4.wmf](

)

[

]

SSCH

sub

SSCH

ModN

n

b

a

n

*

+

=





(X)

Where nSCCH is the number of the SCCH channel to be used (within the set allocated to that UE), nsub is the number of the sub-frame in the radio frame, NSSCH is the total number of control channels in the set allocated to the UE, a and b are higher layer parameters which may take values in the range 0 to 7.

Text Proposal (B)for TR 25.858 or 25.214

(case where HI is not retained in specification and the Ue is required to monitor only one SCCH )

The UE shall decode the HS-SCCH indicated by equation (X) 
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Where nSCCH is the number of the SCCH channel to be used (within the set allocated to that UE), nsub is the number of the sub-frame in the radio frame, NSSCH is the total number of control channels in the set allocated to the UE, a and b are higher layer parameters which may take values in the range 0 to 7.

Text Proposal (C) for TR 25.858 or 25.214

(case where HI is not retained in specification and the UE is required to monitor two SCCHs)

The UE shall decode the HS-SCCH indicated by equation (X). In the case that more than one SCCH is allocated to the UE, the UE shall also decode the HS-SCCH indicated by equation (X+1)
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(X+1)
Where nSCCH1 and nSCCH2 are numbers of the SCCH channels to be used (within the set allocated to that UE), nsub is the number of the sub-frame in the radio frame, NSSCH is the total number of control channels in the set allocated to the UE, a and b are higher layer parameters which may take values in the range 0 to 7.

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) = 49

· 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.

Annex B: Additional Results Comparing Hopping and non-Hopping

The results presented here use the same basic simulation assumptions as in Annex A. We assume that the Node B allocates four HS-SCCH and consider the performance achieved with the UE’s monitoring either one or two SCCH. The effect of HS-SCCH allocation hopping is evaluated in both cases. 

The total throughput and 95 percentile delay are shown in figures B1 and B2 respectively. 

It can be seen that there is a small performance improvement if the UE monitors two rather than one HS-SCCH. The use of allocation hopping makes very little difference.

These results support the conclusions of the main part of the paper where we show that hopping prevents “worst case” blocking of HS-SCCH, and in addition show that hopping is not detrimental under more typical conditions.
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Figure B1: Throughput for hopping and non-hopping
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Figure B2: 95 percentile delay for hopping and non-hopping
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