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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Scope

The present document is the Technical Report of the Release 5 work item “Multiple Input Multiple Output Antenna Processing”. 

1 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.

[<seq>]
<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".
[1] 3GPP TS 25.214: “Physical Layer Procedures (FDD)”.

2 Abbreviations

For the purposes of the present document, the following abbreviations apply:

CFN
Connection Frame Number

DPCCH
Dedicated Physical Control Channel
DPDCH
Dedicated Physical Data Channel

DPCH
Dedicated Physical Channel

DSCH
Downlink Shared Channel
HSDPA
High Speed Downlink Packet Access

MIMO
Multiple Input Multiple Output

PDSCH
Physical Downlink Shared Channel

3 Background and Introduction

Multiple-input multiple-output (MIMO) techniques use multiple antennas at the Node B transmitter and multiple antennas at the UE receiver to provide high speed downlink packet access (HSDPA) over the high speed downlink shared channel (HS-DSCH). MIMO techniques provide  In this technical report, the requirements and detail solutions are described.
4 MIMO transmission specification 

5 Changes with respect to HS-DSCH Release 5
This section describes the requirements to the solution of the MIMO antenna processing feature. It includes the level of changes with respect to HS-DSCH Release 5.
5.1 Required changes in signalling 
5.1.1 Uplink signalling

5.1.2 Downlink signalling

5.2 Required Changes in UE

5.3 Required Changes in Node B

6 Impact to WGs

In this section, the technical specifications of each WG that may be impacted by each solution for MIMO antenna processing are listed.
6.1 WG1
6.2 WG2

6.3 WG3

6.4 WG4
7 Performance
In this section, the performance of the MIMO antenna processing techniques are described. 

7.1 Link level simulation assumptions

7.1.1 Transmission techniques

7.1.2 Channel model

7.1.3 Simulation parameters

The following parameters are used for the link level simulations. 

Chip rate
3.84 Mcps

Spreading factor
32

Number of multicodes fo HS-DSCH
20

Spreading modulation
QPSK

HSDPA frame length
3.33 msec (5 slot lengths)

Other common channels Ec/Ior
-10dB (10% of Ior)

Total CPICH Ec/Ior
-10dB (10% of Ior)

DSCH Ec/Ior
-0.969 dB (80% of Ior)

Channel decoding
Max-log MAP decoding, 8 iterations

Channel estimation
CPICH-assisted, 5 slot averaging

Channel coding
Turbo code (PCCC)

Tail bits
6

Max no. of iterations for Turbo Coder
8

Input to Turbo Decoder
Soft

Turbo Interleaver
Random

Table 1. Link level simulation parameters
7.1.4 Performance measures

The link level performance measure is the frame error rate versus Ior/Ioc, for a fixed Ec/Ior. 

7.2 Link level simulation results

7.3 System level simulation assumptions

7.3.1 Data traffic model

The described data-traffic model simulates bursty web traffic. The parameters of the model are based on [1] but have been tailored to reduce simulation run time by decreasing the number of UEs required to achieve peak system loading. The main modification is to reduce the reading time between packet calls. In addition, TCP/IP rate adaptation mechanisms have been included to pace the packet arrival process of packets within a packet call.

The model assumes that all UEs dropped are in an active packet session. These packet sessions consist of multiple packet calls representing Web downloads or other similar activities. Each packet call size is modeled by a truncated Pareto distributed random variable producing a mean packet call size of 25 Kbytes. Each packet call is separated by a reading time. The reading time is modeled by a Geometrically distributed random variable with a mean of 5 seconds. The reading time begins when the UE has received the entire packet call.

Each packet call is segmented into individual packets. The time interval between two consecutive packets can be modeled in two ways, as an open loop process or as a closed loop process. The open loop process models the timer interval as a geometrically distributed random variable. Specifically, the mean packet inter-arrival time will be set to the ratio of the maximum packet size divided by the peak link speed. The fundamentals of the data-traffic model are captured Table 2.

Process
Random Variable
Parameters

Packet Call Size
Pareto with cutoff
a=1.2, k = 60 Kbytes, m=2Mbytes, 
[image: image2.wmf]m

=

 210 Kbytes

Time Between Packet Calls
Geometric

[image: image3.wmf]5

m

=

 seconds

Packet Size
Segmented based on MTU size
1500 octets

Packets per Packet Call
Deterministic
Based on packet call size and packet MTU

Packet Inter-arrival Time (open loop)
Geometric

[image: image4.wmf]m

=

3 ms

Table 2. Data traffic model parameters

7.3.2 Channel model

7.3.3 Packet scheduler

Multiple types of packet schedulers may be simulated. However, initial results may be provided for the two simple schedulers provided below that bound performance. The first scheduler (C/I based) provides maximum system capacity at the expense of fairness, because all frames can be allocated to a single user with good channel conditions. The Round Robin (RR) scheduler provides a more fair sharing of resources (frames) at the expense of a lower system capacity.

Both scheduling methods obey the following rules:

· An ideal scheduling interval is assumed and scheduling is performed on a frame by frame basis.

· The “frame” is defined by the HSDPA concept, e.g. 0.67ms (1 slot), 3.33ms (5 slots) , or 10 ms (15 slots).

· A queue is 'non-empty' if it contains at least 1 octet of information.

· Transmission during a frame cannot be aborted or pre-empted for any reason

The C/I scheduler obeys the following additional rules:

· At the scheduling instant, all non-empty source queues are rank ordered by C/I for transmission during a frame. 

· The scheduler may continue to transfer data to the UE with the highest C/I until the queue of that UE is empty, data arrives for another UE with higher C/I, or a retransmission is scheduled taking higher priority. 

The RR scheduler obeys the following rules:

· At the scheduling instant, non-empty source queues are serviced in a round-robin fashion.

· All non-empty source queues must be serviced before re-servicing a user. 

· The scheduler is allowed to group packets from the queue within the frame.

7.3.4 Simulation parameters

Parameter
Explanation/Assumption
Comments

Cellular layout
Hexagonal grid, 3-sector sites


Site to Site distance
2800 m


Antenna pattern
As specified in TSGR#14(00)0909
Only horizontal pattern specified

Propagation model
L = 128.1 + 37.6 Log10(R)
R in kilometres

CPICH power
-10 dB


Other common channels
- 10 dB


Power allocated to HSDPA transmission, including associated signaling
Max. 80 % of total cell power


Slow fading
As modeled in UMTS 30.03, B 1.4.1.4


Std. deviation of slow fading
8 dB


Correlation between sectors
1.0


Correlation between sites
0.5


Correlation distance of slow fading
50 m


Carrier frequency
2000 MHz


BS antenna gain
14 dB


UE antenna gain
0 dBi


UE noise figure
9 dB


BS total Tx power
Up to 44 dBm


Active set size
3
Maximum size

Specify Fast Fading model
Jakes spectrum
Generated e.g. by Jakes or Filter approach 

Table 3. System level simulation parameters.
7.3.5 Performance measures

The following suggested performance metrics for both the entire system and the center site taken over each simulation run may be provided. In all cases, a packet is as defined by the traffic model.
· Throughput per sector: total number of bits successfully transferred divided by the total number of sectors and simulation duration.

· Average and Variance of Packet Call Completion Time: measured from when the first packet of a packet call arrives at the base station’s queue to when the final packet of the packet call is received by the UE station
· Average and Variance Packet Call Transfer Rate: defined as the payload size of a packet call divided by the transfer time where transfer time is measured from when the first packet of a packet call is transmitted by the base station to when the final packet of  the packet call is received by the UE station
· Service Rate: the number of completed packet calls per second.

7.4 System level simulation results

8 Backward Compatibility
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