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Abstract : 

This document is an input document trying to sort out what are the UMTS radio measurement, what radio QoS [Quality Of Service] means, and what should be reported from the ME to the USIM for a QoS use case implying the USIM

Part1: reminder on radio QoS

· UMTS radio interface basic principals

- GSM is Time Division Multiple Access (8Time slots on a carrier) and Frequency Division Multiple Access. Up to 128 frequency carriers (ARFCN) can be use, each spread over 200Khz (narrow band)

- UMTS is Code Time Division Multiple Access. Up to 3 frequency carriers (ARFCN) can be use, each spread over 5Mhz (Wide band)

- In UMTS, a Mobile Station is surrounded by Base Stations (Node B), all of them transmitting on the SAME frequency (most of the time). A MS is able to discriminate between the different cells thanks to a Scrambling code attached to a cell (in opposite, cells are on different frequencies in a given geographical area in GSM/GPRS)

- Inside the cell, the MS is able to recover the user signal among other users in the cell thanks to a “OVSF” channelization code attached to the user channel (in opposite in GSM each user has a particular dedicated time slot on a traffic dedicated frequency)

- All theses code are orthogonal together to extract signal to noise by correlation methods.

Figure1: downlink transmission on a cell level: 
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· Physical, Transport and Logical channels 
- Radio interface UE/Network is defined by the available channels  

- In UMTS, 3 types of channel: 

Logical channels: what type of information is transferred 

Transport channels: how and with what characteristics data are transferred over the radio interface

Physical channels: real transmission resources, association between bits of the transport channels and 

electrical signals

Logical channels:
[DL] Broadcast Control Channel (BCCH): used to broadcast system control information  

[DL] Paging Control Channel (PCCH): used to transfer paging information  

[UL&DL] Dedicated Control Channel (DCCH): point to point bi-directional channel that transmits dedicated control information between a UE and the Network   

[UL&DL] Dedicated Traffic Channel (DTCH): point to point bi-directional channel that transmits user information  between a UE and the Network   

[UL&DL] Common Control Channel (CCCH): bi-directional channel for transmitting  control  information  between Network and UEs   

[DL] Common Traffic Channel (CTCH): point to multi-point for transmitting  control  information  between Network and UEs   

Transport channels:

[DL] Broadcast Channel (BCH): used to broadcast system control information  

[DL] Paging Channel (PCH): used to transfer paging information  

[UL/DL] Dedicated Channel (DCH): used to transfer info dedicated to one user   

[UL] Random Access Channel (RACH): used to carry random access informations 

[DL] Forward Access Channel (FACH): used to carry small amount of data  

[UL] Common Packet Channel (CPCH): shared by UEs  

[DL] Downlink Shared Channel (FACH): used to carry dedicated info shared by several users

Physical channels:

[DL] Synchronization Channel (SCH): used for cell search procedure

[DL] Common Control Physical Channel (CCPCH): to carry common information ie: cell infos 

[DL] Common Pilot Control Channel (CPiCH): used to help UE to get correct signals from the network. It is the phase reference. 

[UL/DL] Dedicated Physical Data Channel (DPDCH): to carry dedicated data generated at layer 2 & above 

[UL/DL] Dedicated Physical Control Channel (DPCCH): to carry dedicated control information generated at layer 1: pilot, TPC, TFCI …  

[DL] Physical Downlink Shared Channel (PDSCH): to carry data coming from several users

[DL] Page Indication Channel (PICH): to inform UE that paging info are available onto CCPCH

[UL] Physical Random Access Channel (PRACH): used to carry random access informations when a UE want to communicate with the network. 

[UL] Physical Common packet Channel (PCPCH): used to carry data info coming from several users 

[DL] Acquisition Indicator Channel (AICH): used to inform UE that network has well received its access
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- the CPiCH is a pure physical control channel broadcasted over the entire cell. It is not linked to any transport channel. It consists in a sequence of known bits. CPiCH is used by the UE to determine which of the 8 possible primary scrambling codes is used in the cell, and to provide a phase reference for common channels.  Finding the primary scrambling code is done by the UE during the cell search procedure through a symbol per symbol correlation with all the codes  within the code group (corresponds to the ARFCN power scanning in GSM). SF=256 is used on CPiCH.

- CCPCH is another fixed rate (SF=256) downlink physical channel used to carry the BCH transport channel, broadcasted continuously over the entire cell like CPiCH. These Channel broadcasts the SYStem INFOrmations: informations defining the serving cell and the neighbouring (list of scrambling codes for neighbours cells) 

· Hand Over procedure and types of Hand Over
- Hand-Over procedure consists in changing the network serving cell for a UE on a dedicated channel, either because 

· The user moves from one cell to another (mobility) 

· More than one cell can be received at a given place and changing cell will increase the quality of service

· Users are routed to a given cell for traffic considerations  

- Basically the ME send back the signal quality of the serving and neighbours cells to the network for the downlink side 

- The BTS transmits the ME measurements to the BSC/RNC and adds the Uplink part 

- It is always the Network (BTS, BSC/RNC, MSC) that takes the Hand Over decision.

- In GSM, Hand-Over is always “Hard” HO, that is:

· The MS can only have a connection to one BTS on one cell at the same time

· Receiving the HO command, the MS switch from one couple (Frequency1, TimeSlot1) to another couple  (Frequency2, TimeSlot2) of the new cell. 

- In UMTS, several types of Hand Over exist:

· Hard Hand Over: UMTS frequency band is 15Mhz wide. Because of wide band effect, one frequency is spread over 5Mhz. That means a UMTS network can use up to 3 different frequencies. So Hard HO is when the UE is forced to switch from one frequency to another. 

· Soft Hand Over: in opposite of GSM, the UE can communicate with more than one cell at a time if more than one cell at a given place meet the Energy/Noise requirements. The UE will send /receive the same informations (differently coded) to/from more than one Base station. This increases the chances of interpreting the signal, the UE can transmit with reduced power and then reduce the interferences for other users.

· Softer Hand Over: same as Soft HO but the different cells belong to the same Base Station.

- Dual mode (GSM/UMTS) handsets are capable of switching from/to one radio interface (GSM) to the other (UMTS). In this case we talk about Inter System Hand Over (ISHO). ISHO are Hard HOs.

· Soft Hand Over procedure and radio QoS at UE level
With: 

- A chip is elementary information element on the radio interface: one user bit is spread over several chips, according to the SF (Spreading Factor) used 

- Ec: Energy of a chip in the pilot (CPiCH) alone

- No: Total Energy received


- Ec/No measures the strength of the pilot. Thanks to this parameter, the readability of the associated traffic

channels associated to this pilot can be foretold. This measurement is used for cell selection & re-selection procedures and also for hand over preparation.

The UE continuously checks the available pilots, measures the strength of these pilots with this Ec/No parameter and inform the network of all suitable pilots. The SRNS will decide, comparing the UE measurements with predefined thresholds to add or delete a radio link for that mobile. When UE is in soft HO state, it will choose which link work best, on a frame to frame basis, thanks to its Rake Fingers receiver capabilities

Figure 2: codes multiplexing, user information, SF and chips (Downlink): 
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· Soft Hand Over procedure and radio QoS at Network level
- In GSM, the desired signal must be strong enough to override any interferences. The figure of quality is the C/I: signal power over the co-channel interferences power. Co-channel users (I parameter) are kept in a safe distance by careful frequency planning to keep the interferences at a low level.

- In UMTS, all users occupy the same frequency at the same time, each user is a small voice in a roaring crowd and interferences comes mainly from nearby users. The figure of quality is the Eb/No: Energy per bit over the noise spectral density, so:

Quality = Eb/No = (C/I)x processingGain


Eb=a²Tbit , a = signal amplitude, Tbit = bit duration

No=Power of Noise

- The dispreading process results in a processing gain
- After dispreading (decoding) the signal, correct data recovery requires a given Eb to No ratio that corresponds to a binary error rate (BER). Under this Eb/No, the noise will generate too many errors. The noise is generated by other users transmitting at the same time and on the same frequency, using different sets of codes.

- Note that in order not to cross maximal noise level, all users have to share power. It is not like in GSM the Time/frequency plane that is the shared resources, but codes/power between users

Figure 3: signal and noise power spectrum: 
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- The processing gain depends on the Spreading Factor (SF) 

SF = Tb/Tc = number of chip / data symbols

Where Tb = bit (useful info) duration , Tc = chip (0,1 on radio interface) duration.  

Varies from 4 to 128

- In other words, the SF represents the level of redundancy of useful info over the air interface: 

> High SF (128), good Eb /No, low bit rate services (voice), many users can share the cell power 

> Low SF (4), bad Eb/No, high bit rate services (data 384 kb/s), few users can share the cell power 

- At the network side, Ec/No is transmitted by the UE (for DL side). SF is know because chosen by the network

(so the basic indication of quality: Eb/No can be calculated by the network for hand over purpose for example.

Part2: what should be reported from the ME to the USIM for a QoS use case implying the USIM

· Network engineering: A QoS Use case implying the USIM
- Network radio engineering and deployment is a key process for the operators: the quality of the radio coverage and signal determines the QoS (Quality Of Services) and traffic coverage and capabilities, either in 2G or 3G modes

- In the process of radio engineering, radio planning simulation tools results are correlated with real on field measurements, first to calibrate the propagation models then to make particular measurements in particular geographic spots. Real measurements are made embedding measurements tools in a car and drive away. Measurements are collected an centralized to make maps of radio levels coverage maps, using tools like GIS (Geographical Info Systems)

- In UMTS, the problem of network planning is much more complex than in 2G, because the size of a radio cell coverage depends on the traffic (number of users connected) in the cell. By the way, the radio coverage is no more only dependent on geographical sites, the antennae position and tilt, but can vary among the time. But a huge advantage is that today 2G networks are widely deployed and that dual mode handsets are available ! 

- So it is possible to imagine 3G basic radio measurements at UE side, associated to GPS localization, transmitted to the USIM, then compressed if needed and send to OTA server , on SMS-PP 3G bearer if 3G coverage enable it  or on SMS-PP 2G GSM bearer if  3G conditions are not satisfying. 

Figure 4: OTA[Over The Air]  on field measurement solution: 
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· What is needed:
- 2G/3G UE with GPS inside, or a way to have accurate localization

- A way for the USIM to obtain from UE the 3G best levels measurements

- A time stamp on the radio measurement 

- An applet sending the MO SMS, with several measurements in single SMS to optimise SMS traffic 

- A way to store and/or forward the measurements in OTA server side

· What would be the benefits:
- Be in position to propose to operators a solution making the 3G radio measurement campaigns, then radio planning process, easier if using this OTA solution.

- Other application for the operators, in addition to network deployment optimisation, could be for the network maintenance: it can sometimes be difficult to detect that a radio emitter is faulty.  We can imagine to connect the OTA platform to the OMC-R, to raise an alarm if, on the field and through GSM coverage, the OTA measurement solution signals that there is no RF power in a cell that is supposed to be ok. 

· Technical feasibility at the USIM – UE interface, Network Measurements Results 
- The needed network state variables to be retrieved by the card are, for FDD DS-WCDMA network and as described in 3gPP rel6 standards are: 

> UE cell identification and radio measurements: 

Cell Identity

Primary scrambling code

CPICH Ec/N0

CPICH RSCP

Utra carrier RSSI (in case no scrambling code founded)

Where [see 3gPP 25.215-600]:

Utra carrier RSSI : The received wide band power, including thermal noise and  noise generated in the receiver, within the bandwidth defined by the receiver pulse shaping filter. The reference point for the measurement shall be the antenna connector of the UE.

CPICH Ec/N0 : The received energy per chip divided by the power density in the band. The CPICH Ec/No is identical to CPICH RSCP/UTRA Carrier RSSI. Measurement shall be performed on the Primary CPICH. The reference point for the CPICH Ec/No shall be the antenna connector of the UE. If Tx diversity is applied on the Primary CPICH the received energy per chip (Ec) from each antenna shall be separately measured and summed together in [Ws] to a total received chip energy per chip on the Primary CPICH, before calculating the Ec/No.

CPICH RSCP: Received Signal Code Power, the received power on one code measured on the Primary CPICH. The reference point for the RSCP shall be the antenna connector of the UE. If Tx diversity is applied on the Primary CPICH the received code power from each antenna shall be separately measured and summed together to a total received code power on the Primary CPICH.

> GPS UE Measurements: 
GPS position of the UE at the measurement time 

GPS Time at the measurement time

· Why to use the USIM in this kind of applications? :
- The Radio Measurements made by the UE handset are available of course in the UE software and reported to the GERAN/UTRAN as described in 3gPP TS 44.018 / 3gPP TS 25.331. So it can also by possible to centralize measurements in GERAN/UTRAN, mainly at BSC/RNC level (sol2) or to let the UE software send its own SMS to the OTA platform (sol3).

- But using the SMS-PP protocol at USIM level as many advantages:

· Inter-operable applet in USIM is easier to deploy and manage for the network operator than many UE soft wares (regarding sol2) 

· Applet configuration and customisation in USIM is easier than for other solutions: it is easy to configure if compression has to be used in USIM, when the data have to be send by the USIM (i.e: during the night ) 

· To collect data at UE/USIM interface is simpler than at BSC/RNC interfaces (regarding sol3) 

· USIM is directly linked to the subscriber and proposes security features: for example, as this solution can raise problems regarding user privacy (the system will know localization of the user), it is easy at USIM level to let the user control the application (Application PIN) 

· No impact onto Radio Resources Management procedures in the network

· It is for sure possible to find a non intrusive mechanism for the USIM to get the NMR from the UE, in order to not disturb the UE.
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