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Foreword

This clause is always the second unnumbered clause.

To be drafted by the ETSI secretariat.

Scope

This Stage 2 GSM 03.52 document gives an overall description of the lower layers of the radio interface for GSM based Cordless Telephony Systems (GSM-CTS).

The GSM-CTS system is intended to provide a cordless connection between the fixed network and GSM-based CTS Mobile Stations (CTS-MS) via a private CTS Fixed Part (CTS-FP).



Stage 1 is an overall description, from the service subscribers and user’s standpoint, that view the network as a single entity which provides service to the user. GSM 02.56 � RENV Ref_Services \* FUSIONFORMAT �[2]� contains the CTS Stage 1 service description.

GSM 03.56 � RENV stage2SA \* FUSIONFORMAT �[5]� is a Stage 2 document that describes the system architecture of the GSM Cordless Telephone Systems (GSM-CTS), i.e. the system elements, the system interfaces and the functional capabilities.
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Definitions and Abbreviations 

Definitions

CTS Mobile Station : a GSM-MS supporting CTS.

CTS Fixed Part : the CTS-FP is a device which acts as a link between the CTS-MS and the fixed network

GSM-CTS : Cordless Telephony System based on GSM

Abbreviations

The following list describes the abbreviations and acronyms used in this document. The GSM abbreviations explained in � RENV Ref_GSM_0104 \* FUSIONFORMAT �(1(� are not included below.

AFA	Adaptive Frequency Allocation

ARCH	Access Request CHannel

BCH	Beacon CHannel

CAGCH	CTS Access Grant CHannel

CCH	Control CHannel

CTS	Cordless Telephony System

CTS-FP	CTS-Fixed Part

CTS-MS	CTS-Mobile Station

CTS-MSI	CTS-Mobile Subscriber Identity

DPLMN	Donor Public Land Mobile Network

FPBI 	Fixed Part Beacon Identity 

GFL	Generic Frequency List

RX	Receive

TFH	Total Frequency Hopping

TX	Transmit

�

Main concepts of the CTS radio interface

The main assumption behind the CTS work item and in particular the CTS radio interface, is that a modified single timeslot state of the art GSM-MS chipset could be used for a home base station, i.e. as a CTS-FP.



The CTS radio interface has been designed to meet a requirement of low generated interference, either from the CTS to existing overlaying PLMNS, either from a CTS to another CTS. This requirement is achieved by the combined usage of the three concepts : beacon concept, AFA concept and TFH concept.



Beacon concept

A limited number of CTS-MS shall be served by one CTS-FP (see GSM 02.56 � RENV stage1 \* FUSIONFORMAT �[2]�). Therefore, a broadcast channel continuously transmitted such as the BCCH in GSM is not needed for CTS.

A channel called beacon channel (BCH) is proposed with the following main characteristics : it is transmitted by the CTS-FP every 26 frames in a 52-multiframe pattern, and allows the CTS-MS to synchronise with the CTS-FP. Minimum signalling is also supported by the BCH, so that it is the only logical channel a CTS-FP shall periodically transmit on the CTS radio interface. Every other logical channel is only transmitted « on demand ».



Adaptive Frequency Allocation (AFA) concept

A precise radio frequency planning can not be applied to the CTS-FP/MS pair, as the CTS is intended to be deployed by the end-user. Therefore, a list of frequencies (the GFL) on which it is allowed to operate is given to the CTS. With the AFA, interference measurements will be performed on the frequencies in the GFL to provide a ranking in the AFA table, in order to exclude unacceptably interfered frequencies from the usage in CTS. 



Total Frequency Hopping (TFH) concept

The remaining frequencies are used by the Total Frequency Hopping algorithm in order to reduce the interference of the CTS with the overlaying PLMN and other CTS-FP/MS pairs. With TFH the interference caused by the CTS link is spread across multiple GSM links (interference averaging) and the co-channel interference is due to different users at different locations (interference diversity).

A new hopping algorithm which is especially tailored for use in CTS with improved performance compared to the GSM hopping algorithms shall be used.



Radio Transmission and Reception 

The CTS-FP and CTS-MS shall in Phase 1 GSM-CTS conform to the transmission and reception specifications of at least one or more of the following cellular standards :

P-GSM900

E-GSM900

[R-GSM900]

DCS1800

PCS1900

The final choice of characteristics and performance requirements depends on system scenario calculations.

Frequency Band and Channel Arrangement 

The frequency band and channel arrangement for the GSM-CTS are as specified in GSM 05.05 � RENV Ref_GSM_0505 \* FUSIONFORMAT �(10(� clause 2.

Receiver Characteristics 

CTS-MS characteristics 

 It is the intention to keep the CTS-MS characteristics in line with the GSM MS characteristics as specified in GSM 05.05 � RENV Ref_GSM_0505 \* FUSIONFORMAT �(10(� clause 5, but the final decision depends on system scenario calculations.



CTS-FP characteristics 

It is the intention to keep the CTS-FP characteristics in line with the GSM MS characteristics as specified in GSM 05.05 � RENV Ref_GSM_0505 \* FUSIONFORMAT �(10(� clause 5, but with reversed frequency bands. The final decision depends on system scenario calculations.



Transmitter Characteristics 

CTS-MS characteristics 

It is the intention to keep the CTS-MS characteristics as far as possible in line with the GSM MS characteristics as specified in GSM 05.05 � RENV Ref_GSM_0505 \* FUSIONFORMAT �(10(� subclause 4, but the final decision depends on system scenario calculations.

In addition, it is intended to lower the maximum nominal output power to (FFS) dBm and to lower the lowest nominal output power to (FFS) dBm. Both values could be below the nominal output powers specified in GSM 05.05 � RENV Ref_GSM_0505 \* FUSIONFORMAT �(10(� clause 4.1.1.



CTS-FP characteristics 

It is the intention to keep the CTS-FP characteristics as far as possible in line with the GSM MS characteristics as specified in GSM 05.05 � RENV Ref_GSM_0505 \* FUSIONFORMAT �(10(� subclause 4, but with reversed frequency bands. The final decision depends on system scenario calculations.

In addition, it is intended to lower the maximum nominal output power to (FFS) dBm and to lower the lowest nominal output power to (FFS) dBm. Both values could be below the nominal output powers specified in GSM 05.05 � RENV Ref_GSM_0505 \* FUSIONFORMAT �(10(� subclause 4.1.1.



CTS transmitter / receiver performance

It is the intention to keep the CTS transmitter / receiver performance in line with the GSM transmitter / receiver performance as specified in GSM 05.05 � RENV Ref_GSM_0505 \* FUSIONFORMAT �(10(� clause 6.

The need to fulfil the GSM requirement on receiver performance for frequency hopping where frequencies are interfered is FFS.



[Editor’s note : the TI propagation model of GSM 05.05 � RENV Ref_GSM_0505 \* FUSIONFORMAT �(10(�, as used for pico-BTS, is assumed to be applicable for receiver performance.]



Modulation and Raw Data Rates

The modulation technique and raw data rates are as specified in GSM 05.04 � RENV Ref_GSM_0504 \* FUSIONFORMAT �(9(�.

Channel Coding and Interleaving

The channel coding algorithm and interleaving schemes of existing GSM channels used in the GSM CTS radio interface are as specified in GSM 05.03 � RENV Ref_GSM_0503 \* FUSIONFORMAT �(8(�.

Channel coding algorithms and interleaving schemes for new logical channels are defined in clause � RENV _Ref424550020 \n �12�.

Time Slots and TDMA-Frames 

The time slot organisation is as specified in GSM 05.02 � RENV Ref_GSM_0502 \* FUSIONFORMAT �(7(� subclause 4.3.1.



The TDMA frames are organised in multiframes, superframes, and hyperframes. The hyperframe is the longest recurrent time period and consists of 26 x 51 x 2048 TDMA frames. The TDMA frames are numbered modulo this hyperframe, which means that the frame number FN ranges from 0 to FN_MAX= (26 x 51 x 211 ) -1 = 2715648. The CTS-FP keeps track of the frame numbering once initialised.



Two types of multiframes exist in the GSM-CTS system: 

 a 26-multiframe with a duration of 120 ms, comprising 26 TDMA frames. This multiframe is used to carry TCH, SACCH, and FACCH (see clause � RENV _Ref427748250 \n �12�).

a 52-multiframe  with a duration of 240 ms, comprising 52 TDMA frames. This multiframe is used to carry BCH, ARCH, CAGCH and CCH (see clause � RENV _Ref427748250 \n �12�), and is indicated as BCH multiframe. 



Note that GSM-CTS uses a scheme slightly different from the GSM-based frame structure in that instead of 51-multiframes, 52-multiframes are used. The reason for this choice is that the bursts of the BCH have a frame distance that coincides with the idle frames of a TCH/F connection ; it is therefore possible to support in the CTS-FP a speech connection and the BCH transmission in parallel on the same timeslot, which allows the realisation of the CTS-FP hardware with a state of the art chipset for a GSM-MS supporting only a single timeslot.



Bursts 

In the physical layer of the GSM-CTS system, three types of burst formats are used:



Normal Burst (NB) 

Frequency Correction Burst (FB) 

Synchronisation Burst (SB) 



They are as specified in GSM 05.02 � RENV Ref_GSM_0502 \* FUSIONFORMAT �(7(� subclause 5.2.

 

Logical Channels 

For the GSM-CTS system, eight logical channels have been specified. There are two  traffic channels TCH/F and TCH/H, and there are six signalling channels BCH, ARCH, CAGCH, CCH, SACCH, and FACCH.



Beacon Channel (BCH)

The BCH logical channel is used to provide frequency and synchronisation information in the downlink direction. From this information the CTS-MS is able to synchronise and to recognise the identity of the CTS-FP. It is made up of a pair of BCH-SB and BCH-FB transmitted in every 52-multiframe.



Signalling mechanisms have been defined in order to reduce emissions from both CTS-FP and CTS-MS.

In cases where the CTS-FP has no resources to handle accesses from a CTS-MS, the BCH shall indicate that no CTS-MS shall attempt to access the CTS-FP. 

In order to avoid continuous broadcasting of the CCH, signalling is provided on the BCH that indicates the presence of the CCH.



BCH format

burst : 	Frequency Correction Burst (FB) is used for the BCH-FB

		Synchronisation Burst (SB) is used for the BCH-SB.

channel coding scheme : BCH-SB uses the same channel coding scheme as the SCH, specified in GSM 05.03 � RENV Ref_GSM_0503 \* FUSIONFORMAT �(8(� subclause 4.7. No channel coding is required for BCH-FB.



BCH timing 

The timing of the BCH is as follows (see figure � RENV _Ref420208432 \* FUSIONFORMAT �Figure 1�) :

frame position : 	on FN mod 52 =25 the BCH-FB is transmitted;

on FN mod 52 =51 the BCH-SB is transmitted.

timeslot position : a pair of BCH-SB and BCH-FB shall have the same timeslot position within one 52-multiframe but the position can change from one 52-mulitframe to another according to the Beacon timeslot management procedure (see subclause � RENV _Ref424626650 \n �13.2�).



BCH radio frequency channel

The BCH is transmitted on the BCH frequency channel, according to the BCH frequency selection, see subclause � RENV _Ref410547866 \n �14.2.2.4�.



BCH-SB information

The BCH-SB carries 25 information bits. These 25 bits are divided into three fields as follows :



[2]-bits STATUS field

�1-bit CCH_EN flag�[22]-bits FPBI field��- idle

- busy�0 = no CCH

1 = CCH to decode�FPBI = Fixed Part Beacon Identity��Table � SEQ Table \* ARABE �1� : BCH-SB information bits

The [2]-bits STATUS field indicates : 

- idle if the CTS-FP can be accessed by any initialised CTS-MS

- busy if the CTS-FP can no longer handle any more CTS-MS access requests.

Other values are for FFS.



The 1-bit CCH_EN flag indicates the CTS-MS shall decode the next CCH on the 52-multiframe.



The [22]-bits FPBI field shall indicate the identity of the CTS-FP, in such a way that invalid registration attempts by CTS-MS which are not enrolled (see GSM 03.56 � RENV stage2SA \* FUSIONFORMAT �[5]�) with this CTS-FP are minimised.



Access Request Channel (ARCH)

The ARCH is transmitted in the uplink by the CTS-MS to request dedicated radio resources from the CTS-FP ; it is also used during the Alive check procedure (see clause � RENV _Ref428867448 \n �14�).



ARCH format 

burst : Synchronisation Bursts (SB) are used for the ARCH.

Note : due to the short distance between the CTS-FP and the CTS-MS, there is no need to use a burst of reduced length like the Access Burst (as specified in GSM 05.02 � RENV Ref_GSM_0502 \* FUSIONFORMAT �(7(� subclause 5.2).

channel coding scheme : same as for the SCH, specified in GSM 05.03 � RENV Ref_GSM_0503 \* FUSIONFORMAT �(8(� subclause 4.7.



ARCH timing

The timing of the ARCH is as follows (see figure � RENV _Ref420208432 \* FUSIONFORMAT �Figure 1�) :

frame position :

FN mod 52 = 1, 2, 7, 8, 9, 10 for ARCH used for the non-hopping access procedure, see subclause � RENV _Ref428343378 \n �14.3.3.2�

FN mod 52 = 11 to 16 for ARCH used for the hopping access procedure (see subclause � RENV _Ref428343378 \n �14.3.3.2�), the alive check procedure (see subclause � RENV _Ref429464935 \n �14.3.2�) and the de-registration signalling on the CTS radio interface (see subclause � RENV _Ref428358091 \n �14.3.5�).

timeslot position : the ARCH is transmitted on a fixed timeslot, the timeslot number shall be derived from the FPBI of the CTS-FP (FFS).



ARCH radio frequency channel

The ARCH radio frequency channel is :

the beacon frequency for the ARCH used for the non-hopping access procedure, see subclause � RENV _Ref428343378 \n �14.3.3.2�

mapped on a predefined set of frequencies by the Total Frequency Hopping for the ARCH used for the hopping access procedure (see subclause � RENV _Ref428343378 \n �14.3.3.2�), the alive check procedure (see subclause � RENV _Ref428355413 \n �0�) and the de-registration signalling on the CTS radio interface (see subclause � RENV _Ref428358091 \n �14.3.5�).

Refer to subclause � RENV _Ref424723676 \n �12.8.2�. for background on the choice of the radio frequency channel.



ARCH information

The ARCH carries 25 information bits forming an access request message. These 25 bits are divided into three fields as follows :



3-bits CAUSE field

�[14]-bits CTS-MSI field�8-bits TO/FO field��- MS initiated

- answer to paging

- registration

- registration update

- de-registration�CTS-MSI = CTS Mobile Subscriber Identity�Time Offset or Frequency Offset��Table � SEQ Table \* ARABE �2� : content of the access request message

The 3-bits CAUSE field shall indicate the cause of the message sending. The coding of this field is FFS.



The [14]-bits CTS-MSI field shall indicate the CTS Mobile Subscriber Identity (CTS-MSI) allocated to the CTS-MS at registration.



The remaining 8-bits TO/FO field is FFS.



CTS Access Grant Channel (CAGCH)

The CAGCH is used in the downlink by the CTS-FP to grant a dedicated RR connection to a CTS-MS that has requested radio resources by the use of the ARCH.



CAGCH format

burst : Normal Bursts (NB) are used for the CAGCH.

training sequence : it is determined by the three LSBs of the FPBI. These three bits form the 3-bit training sequence code (TSC) which selects one of the eight training sequences specified in GSM 05.02 � RENV Ref_GSM_0502 \* FUSIONFORMAT �(7(� subclause 5.2.3.

channel coding and interleaving schemes : same as for the SACCH, as specified in GSM 05.03 � RENV Ref_GSM_0503 \* FUSIONFORMAT �(8(� subclause 4.1, over 4 consecutive bursts.



CAGCH timing 

The timing of the CAGCH is as follows (see figure � RENV _Ref420208432 \* FUSIONFORMAT �Figure 1�) :

frame position :

FN mod 52 = 17 to 20 for the CAGCH used for the non-hopping access procedure, see subclause � RENV _Ref428343378 \n �14.3.3.2�

FN mod 52 = 21 to 24 for the CAGCH used for the hopping access procedure, see subclause � RENV _Ref428343378 \n �14.3.3.2�

timeslot position : the CAGCH is transmitted on a fixed timeslot, the timeslot number shall be derived from the FPBI of the CTS-FP (FFS).



CAGCH radio frequency channel

The CAGCH radio frequency channel is :

the beacon frequency for the CAGCH used for the non-hopping access procedure, see subclause � RENV _Ref428343378 \n �14.3.3.2�

mapped on a predefined set of frequencies by the Total Frequency Hopping for the CAGCH used for the hopping access procedure, see subclause � RENV _Ref428343378 \n �14.3.3.2�.

Refer to subclause � RENV _Ref424723676 \n �12.8.2�. for background on the choice of the radio frequency channel.



CAGCH information

The CAGCH carries 23 octets of information, forming a message which directs the CTS-MS to a channel on which the RR connection can be continued. This message provides the CTS-MS with channel and timing information.



Control Channel (CCH)

The CCH is used in the downlink by the CTS-FP to broadcast information for paging (see subclause � RENV _Ref428351861 \n �14.3.3.3�) and alive check (see subclause � RENV _Ref429464976 \n �14.3.2�) procedures. The presence of the CCH on the physical channel is indicated by a signalling information in the BCH (see subclause � RENV _Ref424626183 \n �12.1.4�).



CCH format

burst : Normal Bursts (NB) are used for the CCH.

training sequence : it is determined by the three LSBs of the FPBI. These three bits form the 3-bit training sequence code (TSC) which selects one of the eight training sequences specified in GSM 05.02 � RENV Ref_GSM_0502 \* FUSIONFORMAT �(7(� subclause 5.2.3.

channel coding and interleaving schemes : same as for the SACCH, as specified in GSM 05.03 � RENV Ref_GSM_0503 \* FUSIONFORMAT �(8(� subclause 4.1, over 4 consecutive bursts.



CCH timing 

The timing of the CCH is as follows (see figure � RENV _Ref420208432 \* FUSIONFORMAT �Figure 1�) :

frame position : FN mod 52 = 3 to 6

timeslot position : the CCH is transmitted on a fixed timeslot, the timeslot number shall be derived from the FPBI of the CTS-FP (FFS).



CCH radio frequency channel

The CCH radio frequency channel is mapped on a predefined set of frequencies by the Total Frequency Hopping algorithm

Refer to subclause � RENV _Ref424723676 \n �12.8.2�. for background on the choice of the radio frequency channel.



CCH information 

The CCH contains 23 octets of information, forming the following possible messages :

 a message used for the paging procedure, see subclause � RENV _Ref428351761 \n �14.3.3.3�

 a message used for alive check procedure, see subclause � RENV _Ref429465009 \n �14.3.2�.



SACCH

In GSM-CTS, the TDMA frames where the BCH is transmitted (FN mod 26 = 25) are not available for any SACCH transmission, in contrary to GSM. This results in the requirement that the SACCH multiframe shall span 104 TDMA frames (480 ms) as for GSM, however the interleaving scheme of the 4 SACCH bursts shall be independent on the timeslot assigned to the dedicated connection.

Therefore, the mapping in time of the SACCH onto the physical channel shall be as follows :

SACCH frame 1: 	FN mod 104 = 12

SACCH frame 2: 	FN mod 104 = 38

SACCH frame 3: 	FN mod 104 = 64

SACCH frame 4: 	FN mod 104 = 90



The support of SACCH/TH is FFS.



The timing of the SACCH on the 26-multiframe is shown on � RENV _Ref408992261 \* FUSIONFORMAT �Figure 2�.



The SACCH radio frequency channel is mapped on a predefined set of frequencies by the Total Frequency Hopping algorithm, as defined in subclause � RENV _Ref424723676 \n �12.8.2�.



SACCH is a point-to-point dedicated control channel used to transmit signalling messages for the layered GSM-CTS protocol.



FACCH 

The standard GSM FACCH as defined in GSM 05.02 � RENV Ref_GSM_0502 \* FUSIONFORMAT �(7(� is used in GSM-CTS. Full rate FACCH/F is supported, half rate FACCH/H support is FFS.



The timing of the FACCH on the 26-multiframe is shown on � RENV _Ref408992261 \* FUSIONFORMAT �Figure 2�.



The FACCH radio frequency channel is mapped on a predefined set of frequencies by the Total Frequency Hopping algorithm, as defined in subclause � RENV _Ref424723676 \n �12.8.2�.



FACCH is a point-to-point dedicated control channel used to transmit signalling messages for the GSM-CTS layered protocol.



TCH

The traffic channel TCH used in GSM-CTS is the standard GSM traffic channel TCH as defined in GSM 05.02 � RENV Ref_GSM_0502 \* FUSIONFORMAT �(7(�. 

The supported channel types shall be :

TCH/F

TCH/H (FFS)

The supported channel modes shall be in the Phase 1 of the GSM-CTS :

Speech v1 : full rate speech coder, half-rate speech coder (FFS)

Speech v2 : enhanced full rate speech coder (FFS).



Discontinuous transmission (DTX) shall be supported on the speech TCH.



The timing of the TCH on the 26-multiframe is shown on � RENV _Ref408992261 \* FUSIONFORMAT �Figure 2�.



The TCH radio frequency channel is mapped on a predefined set of frequencies by the Total Frequency Hopping algorithm, as defined in subclause � RENV _Ref424723676 \n �12.8.2�.



Mapping of the Logical Channels onto Physical Channels

Mapping in time of the logical channels onto the physical channels

The following figures give the mapping in time of the logical channels onto the physical channels.
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Figure � SEQ Figure \* ARABE �1� : 52-multiframe structure
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Figure � SEQ Figure \* ARABE �2� : 26-multiframe structure



Mapping in frequency of the logical channels onto the physical channels



Prior to its registration with a CTS-FP, the CTS-MS can not perform hopping as it is not aware of :

the list of frequencies on which it shall hop : the TFH list (see subclause � RENV _Ref428186708 \n �14.2.2�)

the hopping sequence to use with the CTS-FP : this is computed from the codeword of the TFH algorithm (see below).

Therefore, the BCH and the channels used in the registration of a CTS-MS to access the CTS-FP (see non-hopping access procedure : subclause � RENV _Ref428966429 \n �14.3.3.2.1�) are transmitted on the beacon frequency.



After registration, the CTS-MS has obtained the required information i.e. the TFH list and the codeword for the TFH algorithm, therefore hopping can be performed. All logical channels (except the BCH) are mapped by the TFH algorithm on the TFH list.

The TFH algorithm shall be the Lempel-Greenberger algorithm concatenated with a non-repeating code (LG/NR). The hopping sequence is computed from a codeword which is continuously changing according to the LG/NR algorithm.



Permitted Channel Combinations

Due to the change of BCH timeslot position from one 52-multiframe to another (see subclause � RENV _Ref424626650 \n �13.2�), 

the following channel combinations are allowed on a physical channel



(i)	BCH + CCH + ARCH + CAGCH

(ii)	CCH + ARCH + CAGCH

(iii)	BCH

(iv)	BCH + TCH/F + FACCH/F + SACCH/TF

(v)	TCH/F + FACCH/F + SACCH/TF



Channel combinations (i), (iii) and (iv) shall be mutually exclusive in one 52-multiframe, because the BCH is transmitted only once per 52-multiframe.



Channel combinations (i) and (ii) shall be also mutually exclusive.



Other channel combination including TCH/H, SACCH/TH or FACCH/H are FFS.



Lower Layer Procedures

BCH transmission

The CTS-FP shall transmit the BCH on the selected BCH frequency (indicated by the Frequency Management procedure in the RR upper layer, see � RENV _Ref428186708 \n �14.2.2�) at the maximum permitted output power. The output power shall be reduced (value : FFS) when no CTS-MS has registered for a certain period of time (FFS).



[Editor’s note : the output power levels depend on system scenarios calculations.]



BCH timeslot management

In order to further reduce the interference between two CTS-FP and to ease the detection of the BCH of neighbour CTS-FP (for GSM-CTS Phase 2), the timeslot position of the BCH within the TDMA frame where the BCH is transmitted shall not be fixed from one 52-multiframe to another.

A mechanism of BCH timeslot position shifting shall be performed on the BCH while the CTS-FP is in RR Idle state (see subclause � RENV _Ref429300166 \n �14.1�). This mechanism shall fulfil the following requirements :

the shifting sequences of BCH timeslot positions shall be cyclical and predictable

a high number of shifting sequences shall be generated from a minimum number of parameters.

The mechanism of BCH timeslot position shifting is optional while the CTS-FP is in RR Active state (see subclause � RENV _Ref429300166 \n �14.1�), i.e. has established a dedicated RR connection to a CTS-MS.



BCH-FB detection

When triggered by the upper layers, the CTS-MS shall attempt to detect the BCH-FB on the BCH frequency given by the upper layers. When the BCH-FB is detected, it is used by the CTS-MS to update its frequency synchronisation to the CTS-FP.



BCH-SB decoding

When triggered by the upper layers, the CTS-MS shall attempt to decode the BCH-SB on the BCH frequency given by the upper layers. The decoding of the BCH-SB allows the CTS-MS to update its time synchronisation to the CTS-FP.

The BCH-SB information bits shall be sent to the RR upper layer of the CTS-MS : see subclause � RENV _Ref428355174 \n �14.2.3�.



Discontinuous transmission (DTX) 

The CTS-FP and the CTS-MS shall support DTX. If DTX is used, the DTX procedure specified in the relevant GSM 06 series specifications and in GSM 05.08 � RENV Ref_GSM_0508 \* FUSIONFORMAT �[11]� subclause 8.3 shall be employed.



Interference measurements

A procedure shall be implemented in the CTS-FP by which it estimates the interference level on the uplink frequencies of the Generic Frequency List (GFL).

In the same manner, the CTS-MS shall estimate the interference level on the downlink frequencies of the GFL.

Such interference measurements are periodically triggered by the RR upper layer, i.e. the AFA algorithm : the list of frequencies of the GFL which are to be measured, the required number of samples per frequency and the allowed measurement period, shall be specified.



MS timing offset measurements

When triggered by the upper RR layer, the CTS-FP shall measure the MS timing offset (as specified in GSM 05.10 � RENV Ref_GSM_0510 \* FUSIONFORMAT �[12]�) of the bursts received on the CTS radio interface, i.e. Synchronisation Bursts (SB) and Normal Bursts (NB). The measurements shall be reported to the RR upper layer.

The requirements on the measurement precision are intended to allow the control of the CTS-FP service range, as defined in subclause � RENV _Ref428356294 \n �14.2.4�.

Radio Resource Management Procedures

Radio Resources management states

RR Idle state : for the CTS-FP, the state where it has been initialised (see GSM 03.56 � RENV stage2SA \* FUSIONFORMAT �[5]�) ; for the CTS-MS, the state where it is registered to a CTS-FP (see GSM 03.56 � RENV stage2SA \* FUSIONFORMAT �[5]�).



RR Active state : the state where the CTS-MS and the CTS-FP have successfully established a dedicated RR connection.



General procedures

Initialisation of the CTS-FP using the radio interface

The initialisation of the CTS-FP with a CTS-MS is described more precisely in GSM 03.56 � RENV stage2SA \* FUSIONFORMAT �[5]�. In particular, this procedure can be performed on the CTS radio interface, where two separate cases are to be considered :

the CTS-FP has the initial CTS radio control parameters (e.g. the GFL) :

upper layers trigger the beginning of the initialisation

interference measurements shall be performed by the CTS-FP on the GFL in the uplink

the BCH shall be established on the least interfered frequency

the CTS-MS shall scan the whole frequency band in parallel to detect the BCH (see � RENV _Ref424642385 \n �13.3�)

when the BCH is detected, the CTS-MS performs BCH decoding (see � RENV _Ref424719639 \n �13.4�) to get synchronised to the CTS-FP

finally, an access request is sent by the CTS-MS (see subclause � RENV _Ref428365913 \n �14.3.3.2.2�)

if no access request is received by the CTS-FP after [5 min], then the CTS-FP shall use the second least interfered frequency for the BCH transmission.



the CTS-MS has the initial CTS radio control parameters (e.g. the GFL) :

upper layers trigger the beginning of the initialisation

interference measurements shall be performed by the CTS-MS on the GFL in the downlink

Frequency correction Bursts shall be transmitted by the CTS-MS on the least interfered frequency 

the CTS-FP shall scan the whole frequency band in parallel to detect the FB transmitted by the CTS-MS

when the FB are detected, the CTS-FP shall establish the BCH on the associated frequency

the CTS-MS shall stop transmitting the FB after [5 sec] to scan on the same frequency for the BCH

when the BCH is detected, the CTS-MS shall perform BCH decoding (see � RENV _Ref424719639 \n �13.4�) to get synchronised to the CTS-FP

finally, an access request shall be sent by the CTS-MS (see subclause � RENV _Ref428365913 \n �14.3.3.2.2�)

if the BCH is not detected by the CTS-MS, then the CTS-MS shall start transmitting FB on the second least interfered frequency.



At the end of this procedure, the CTS-FP and CTS-MS are synchronised and can establish a dedicated RR connection if requested by the upper layers.



Frequency management

The following � RENV _Ref427998587 \* FUSIONFORMAT �Figure 3� gives an overview of the frequency management in the CTS-FP and CTS-MS.

The purpose of the frequency management is to avoid that a CTS-FP and a CTS-MS use the same frequencies as the surrounding PLMN and cause a too high interference level to it, to other CTS-FP and to the corresponding MS (GSM or CTS).
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Figure � SEQ Figure \* ARABE �3� : frequency management overview



the GFL is allocated to a certain CTS-FP. 

the AFA table contains the frequencies of the GFL ranked and ordered by the AFA algorithm (see subclause � RENV _Ref428247853 \n �14.2.2.2�); it is managed by the CTS-FP only.

the TFH list is a reduced AFA table : the AFA / TFH interworking procedure (see subclause � RENV _Ref428247954 \n �14.2.2.3�) has excluded some of the frequencies of the AFA table depending on an acceptance threshold and other parameters ; the TFH list shall be known by both CTS-FP and CTS-MS, as it is the list of frequencies on which hopping is performed.



The whole management of the frequencies in the CTS system can be sub-divided into the following procedures :

Interference measurements exchange

The AFA algorithm shall periodically specify which interference measurements are to be performed on the Lower Layer in both CTS-FP and CTS-MS, then the interference measurements shall be reported from the Lower Layer of the CTS-FP and CTS-MS to the AFA algorithm.

The protocol to request and report the interference measurements shall use a dedicated RR connection (see subclause � RENV _Ref428345029 \n �14.3.3�).



Adaptive Frequency Allocation (AFA) algorithm

The AFA algorithm shall perform a ranking with regard to interference measurements (see subclause � RENV _Ref428365676 \n �13.6�) , among the frequencies of the GFL, taking into account system parameters.

The reaction time of the AFA algorithm shall decrease in case high interference is measured on the used frequencies, e.g. to adapt to strong changes in the interference environment caused by frequency replanning on the cellular network. It shall, however, be resistant against interference fluctuations caused by short time traffic variations, e.g. day and night traffic.



AFA / TFH interworking

A set of frequencies from the AFA table shall be selected by the CTS-FP to be used by the Total Frequency Hopping (TFH) algorithm : this subset is the TFH list. The selection mechanisms shall use parameters, such as an acceptance criteria. All frequencies fulfilling the acceptance criteria shall be part of the TFH list.



BCH frequency selection

Any frequency from the TFH list shall be selected as the BCH frequency, i.e. the frequency on which the BCH is transmitted.



BCH-SB information

The BCH-SB shall be periodically transmitted by the CTS-FP on the CTS radio interface (see subclause � RENV _Ref420232615 \n �13.1�). The information described in subclause � RENV _Ref424626183 \n �12.1.4�, shall be sent by the CTS-FP at every BCH-SB transmission.



Control of CTS-FP service range

[The control of the CTS-FP service range can be performed using MS timing offset measurements (as defined in subclause � RENV _Ref428365749 \n �13.7�). Considering the present MS requirements for synchronisation (see GSM 05.10 � RENV Ref_GSM_0510 \* FUSIONFORMAT �[12]� clause 6),  the CTS-FP service range can be only controlled with an accuracy of +/- 750m.

Methods for increasing this accuracy are needed and are FFS, in order to see if the CTS-FP service range can be restricted to 375m.]



CTS-FP selection

When attempting to register to a CTS-FP (see GSM 03.56 � RENV stage2SA \* FUSIONFORMAT �[5]�), the CTS-MS shall periodically attempt to detect the BCH-FB (see subclause � RENV _Ref424642385 \n �13.3�) on the BCH frequency. The BCH frequency shall be stored in the CTS-MS for each CTS-FP it is enrolled with.



The procedure for the case where the BCH frequency has changed and the CTS-MS is de-registered (see GSM 03.56 � RENV stage2SA \* FUSIONFORMAT �[5]�) and therefore not informed about it, is FFS.



RR Idle state procedures

BCH monitoring

In the RR Idle state, the CTS-MS RR layer shall periodically request the CTS-MS Lower Layer to decode the BCH-SB (see subclause � RENV _Ref424719639 \n �13.4�). 

The periodicity of the BCH monitoring shall ensure that synchronisation to the CTS-FP can be maintained and that the response time to information given in the CCH is acceptable. 



Alive check

The CTS-FP shall periodically verify the presence of its registered CTS-MS.  This shall be performed in four steps :

the CCH_EN flag of the BCH shall indicate the need to decode the next following CCH.

the CTS-FP shall transmit on the CCH an alive check message : this message shall contain a CTS-MSI, which is used by the CTS-FP to address one particular CTS-MS.

the addressed CTS-MS shall transmit an access request message on one of the six ARCH which are mapped onto the physical channel as specified in � RENV _Ref428248924 \n �12.2.2�. The choice of the ARCH to be used shall be randomly performed. The CAUSE field of the access request message shall be set to ‘Registration update’.

the alive check message shall be maintained on the CCH until the access request message is received from the CTS-MS ; however if after a timer has expired, no message is received from the CTS-MS, an alive check failure message shall be sent to the MM upper layer.



Establishment of a dedicated RR connection

Timeslot assignment for dedicated connection

The timeslot assignment for a dedicated channel shall be based on interference measurements performed by the CTS-FP in the uplink direction on any timeslot of the frequencies of the TFH list. The least interfered timeslot shall be used to establish a dedicated connection.



CTS-MS initiated RR connection establishment

When the CTS-MS is attempting to establish a dedicated RR connection with a CTS-FP, it shall access the CTS-FP using one of the two following procedures :

Non-hopping access procedure

An access request message shall be sent by the CTS-MS on one of the six ARCH which are mapped onto the physical channel as stated in subclause � RENV _Ref428248924 \n �12.2.2�. The choice of the ARCH to be used shall be randomly performed. The CAUSE field of the access request message shall be set to ‘Registration’.

On receipt of the access request message, the CTS-FP shall transmit a message on the CAGCH which is mapped onto the physical channel as stated in subclause � RENV _Ref428249192 \n �12.3.2�.

This message shall contain :

the codeword to be used by the Total Frequency Hopping algorithm, see subclause � RENV _Ref424723676 \n �12.8.2�

the TFH list (see subclause � RENV _Ref428186708 \n �14.2.2�)

the dedicated channel description.



The dedicated RR connection is then considered as established : upper layers shall be informed, in order to perform the required procedure, e.g. the registration of a CTS-MS with the CTS-FP.



Hopping access procedure

An access request message shall be sent by the CTS-MS on one of the six ARCH which are mapped onto the physical channel as stated in � RENV _Ref428248924 \n �12.2.2�. The choice of the ARCH to be used shall be randomly performed. The CAUSE field of the access request message shall be set to ‘MS initiated’.

On receipt of the access request message, the CTS-FP shall transmit a message on the CAGCH which is mapped onto the physical channel as stated in subclause � RENV _Ref428249192 \n �12.3.2�. This message shall contain the dedicated channel description.



The dedicated RR connection is then considered as established : upper layers shall be informed, in order to perform the required procedure.



CTS-FP initiated RR connection establishment

When the CTS-FP is attempting to establish a dedicated RR connection with a CTS-MS, it shall perform the paging procedure : 

The CCH_EN flag of the BCH shall indicate the need to decode the next following CCH. Then the CTS-FP shall transmit on the CCH a paging message : this message shall contain a CTS-MSI, which is used by the CTS-FP to address one particular CTS-MS.



On receipt of this paging message, the CTS-MS shall perform the hopping access procedure, similar to subclause � RENV _Ref428365913 \n �14.3.3.2.2� with the CAUSE field of the access request message indicating ‘Answer to paging’.



The paging message shall be maintained on the CCH until the access request message is received from the CTS-MS ; however if after a timer has expired, no message is received from the CTS-MS, an paging failure message shall be sent to the MM upper layer.



The dedicated RR connection is then considered as established : upper layers shall be informed, in order to perform the required procedure.



BCH failure detection

If the BCH-SB can not be decoded by the CTS-MS performing BCH monitoring, the CTS-MS shall attempts to monitor the BCH again on the next 52-multiframe. If it cannot monitor the BCH for (FFS) consecutive attempts, a BCH failure message shall be sent to the upper layers. 



De-registration signalling on the CTS radio interface

When the de-registration is triggered in the MM upper layer (see GSM 03.56 � RENV stage2SA \* FUSIONFORMAT �[5]�), the CTS-MS shall transmit an access request message on one of the six ARCH which are mapped onto the physical channel as specified in � RENV _Ref428248924 \n �12.2.2�. The choice of the ARCH to be used shall be randomly performed. The CAUSE field of the access request message shall indicate ‘De-registration’.



RR Active state procedures

In the RR Active state, a dedicated RR connection has been successfully established between a CTS-MS and a CTS-FP. 



Radio link failure detection

The radio link failure detection in the CTS-FP and the CTS-MS shall ensure that dedicated RR connection  with unacceptable quality, which cannot be improved either by RF power control (see subclause � RENV _Ref424717214 \n �14.4.2�) or intracell handover (see subclause � RENV _Ref424717225 \n �14.4.3�) shall be released by the CTS-FP or the CTS-MS. A radio link failure message shall be sent to the upper layers.

The detection of the radio link failure is FFS.



RF power control

In the RR Active state, RF power control shall be employed to minimise the transmit power required by the CTS-MS or the CTS-FP whilst maintaining the quality of the radio link. Both the CTS-MS and CTS-FP shall apply power control in the uplink and downlink.

The output power control level employed by the CTS-MS shall be determined in the CTS-FP and shall be communicated to the CTS-MS on the SACCH.

The requirements for the power control algorithm are FFS.



[Editor’s note : the usage of RF power control is dependent on system scenarios calculations.]



Intracell handover

Intracell handover (change of active timeslot) shall be carried out in the case of unacceptable connection quality when in RR Active state. The handover shall be triggered either by the CTS-FP or the CTS-MS.

If an intracell handover is triggered, the CTS-FP shall re-assign another randomly chosen timeslot for the dedicated connection.



Channel release

When triggered by the upper layers or if a radio link failure is detected (see subclause � RENV _Ref429380617 \n �14.4.1�), the dedicated RR connection shall be released by the CTS-MS and CTS-FP.�Annex A (informative):�Open issues

This annex is listing the open issues currently identified in this document :

use of R-GSM900 : see subclause � RENV _Ref402867003 \n �7�

receiver and transmitter characteristics : see subclauses � RENV _Ref429473671 \n �7.2� and � RENV _Ref393624553 \n �7.3�

transmitter / receiver performance : see subclause � RENV _Ref429473704 \n �7.4�

BCH-SB information : see subclause � RENV _Ref424626183 \n �12.1.4�

timeslot position of ARCH, CAGCH and CCH : see subclauses � RENV _Ref428248924 \n �12.2.2�, � RENV _Ref429473822 \n �12.3.2� and � RENV _Ref429473888 \n �12.4.2�

ARCH information : see subclause � RENV _Ref429473937 \n �12.2.4�

support of TCH/H, SACCH/TH and FACCH/H : see subclause � RENV _Ref429473954 \n �12.5�, � RENV _Ref429473958 \n �12.6� and � RENV _Ref424723953 \n �12.7�

support of EFR speech coder : see subclause� RENV _Ref424723953 \n �12.7�

transmit power strategy for BCH : see subclause � RENV _Ref420232615 \n �13.1�

initialisation of the CTS-FP using the radio interface : see subclause � RENV _Ref429479263 \n �14.2.1�

control of CTS-FP service range (methods to reach sufficient accuracy)  : see subclause � RENV _Ref428356276 \n �14.2.4�

change of BCH frequency : see subclause � RENV _Ref429474205 \n �14.2.5�

detection of BCH failure : see subclause � RENV _Ref429474244 \n �14.3.4�

detection of radio link failure : see subclause � RENV _Ref429380617 \n �14.4.1�

requirements for the power control algorithm : see subclause � RENV _Ref424717214 \n �14.4.2�

GSM backward compatibility issues : see subclause Annex B

mode selection between CTS and PLMN (in particular support of parallel mode) : see GSM 03.56 � RENV stage2SA \* FUSIONFORMAT �[5]�



Annex B (informative):�GSM backward compatibility issues

[Editor’s note : this annex shall be considered as a preliminary study, requiring further studies. In particular, backward compatibility issues on Donor PLMN and other PLMN shall be considered separately. It shall also be described the impacts when operating the CTS in a shared band or a separate band.]



This annex is intended to study the impacts on GSM MS behaviour due to the deployment of CTS-FP under a PLMN coverage.

CTS and GSM share same burst format for frequency burst (FCH and BCH-FB) and synchronisation burst (SCH and BCH-SB). Then a GSM MS could perform misleading FCH detection or SCH decoding.



B.1 CTS-FP beacon frequency not common to a C0 in the PLMN at GSM MS location

B.1.1 Impacts for a GSM MS performing cell selection

If the CTS BCH power measured is lower than a valid C0 of the PLMN, there is no impact. This is assumed to be the most frequent case due to CTS BCH low traffic and transmit power with respect to GSM C0.



Otherwise, a low additional time is required by the GSM MS for cell selection, similar to having a GSM Cx at this frequency, since the GSM MS would search for a FCH on this frequency.



B.1.2 Impacts for a GSM MS camping on a cell

If the GFL and the BA list for that area have no common frequency, there is no impact on the GSM MS behaviour.



Otherwise, if the CTS BCH is not ranked by the GSM MS in the 6 best cells of the BA list, there is no impact. This is assumed to be the most frequent case due to CTS BCH low traffic and transmit power with respect to GSM C0.



Otherwise, a low additional time is required by the GSM MS for updating the 6 strongest non-serving cell BCCH carrier list, similar to having a GSM Cx at this frequency.



An extreme unlikely case may occur if in addition another CTS-FP shares the same beacon frequency, with a given shift between their respective 52-multiframes. If the GSM MS manages to detect a BCH-FB of the first CTS-FP and a BCH-SB of the second CTS-FP at the expected frame and timeslot, it will decode undefined BSIC and frame number. If colour code is authorised, this frequency is erroneously ranked in the 6 best non-serving cell BCCH carrier list, until SCH confirmation fails (maximum 30 seconds). If the GSM MS is in active mode, this information is sent to the network. 



B.2 CTS-FP beacon frequency common to a C0 in the PLMN at GSM MS location

When the GFL does not include C0 frequencies for that area, there is no impact on the GSM MS behaviour.



Since this can not be ensured for any CTS-FP location, the AFA algorithm shall ensure that the beacon frequency is not a C0 of the PLMN.



If those conditions are not respected, when the GSM MS is performing cell selection it may fail to synchronise to that frequency. When the GSM-MS is camped on a cell, it may delay the introduction of a valid PLMN frequency in the 6 best non-serving cell BCCH carrier list (maximum 10 seconds).
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