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Radio requirements for the GERAN Release 2000
Background


The GERAN is seen as one of the radio access technologies connected to the 3G Core Network. The GERAN comprises several aspects. One major aspect is that the GERAN should include efficient support of real-time services, including voice, as part of radio access to the packet switched 3G Core Network for Release 2000. Another aspect is that the GERAN should be aligned with UMTS. The achievement of these objectives would hasten the migration of GSM and ANSI-136 TDMA users to a common radio access network, making it possible to have a single global wireless standard. 
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1 Introduction

The GERAN provides a range of bearer services to mobile and stationary users in a variety of application areas and operating environments. The radio access network will be connected to the third generation core network and will as far as possible extend the services of the fixed networks to mobile users.

This document outlines the overall requirements for GERAN release 2000, which includes all GSM/EDGE work items of release 2000.  More specific radio requirements, such as radio requirements for the AMR wide band speech codec, are included as references, if available,  and are not discussed in this document. The requirements should be used as guidelines for the design of the radio access network.The requirements should be aligned with the requirements on UTRAN.

2 Definitions and Abbreviations

2.1 Definitions

GSM/EDGE RAN
GERAN is a term used to describe a GSM and EDGE based
200 kHz radio access network. The GERAN is based on GSM/EDGE release 99, and covers all new features for GSM Release 2000 and subsequent releases, with full backward compatibility to previous releases.
2.2 Abbreviations
3G
Third Generation

BER
Bit Error Rate

CN
Core network

CS
Circuit Switched

GERAN
GSM/EDGE Radio Access Network

RAN
Radio Access Network

RAB
Radio Access Bearer

RB
Radio Bearer

QoS
Quality of Service

PS
Packet Switched

UMTS
Universal Mobile Telecommunications System

UTRAN
UMTS Terrestrial Radio Access Network

3  High Level Requirements

The following high level requirements have been initially identified for the GERAN in responsibility of SMG2:

· All bearer classes (conversational, streaming, interactive and background) as defined for UTRAN shall be provided

· The same quality of service handling and radio access bearer service attributes shall be supported as required for UTRAN (as described in TS 23.107). Whether the same range of values of the service attributes as supported by UTRAN shall be supported by GERAN in Release 2000 is for further study

· Support for multiple QoS profiles in parallel shall be provided in the GERAN.

4  Bearer Definition

4.1 Radio Access Bearers

GERAN shall provide the same radio access bearers as UTRAN. However, voice is foreseen to be important future service and therefor it seen as important to optimize the conversational radio access bearer class for IP voice services.

It is required to have the GERAN support Adaptive Multi-Rate (AMR) CODEC speech and to be consistent with S2 requirements. Further, it is desired to have the GERAN support Tandem Free Operation (TFO) services. Further, voice radio access bearers should be provided with quality and delay comparable to current digital cellular systems.

Figure 1 shows the UMTS QoS architecture. As illustrated in the figure the Radio Access Bearer Service is realized by a Radio Bearer Service and an Iu-Bearer Service.
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Figure 1. UMTS QoS architecture.

4.1.1 Radio Access Bearer Attributes
A set of attributes and their possible values are used to describe a radio access bearer capability. This set has been chosen so that a radio access bearer capability can be entirely defined by giving a value to each attribute of the set. In particular, the set and the associated allowed values enable characterization of future (not yet used or foreseen) transfer needs. For the GERAN the same set of attributes are chosen as for the UTRAN, which are defined in 23.107 [1]. The support of the different values may vary from the radio environment the user is in (indoor, urban, rural and etc.), see section 4.2.1.

The values used by the 3G CN are as follows:

Table 1.  Value ranges of the radio access bearer service attributes in UMTS.

Traffic class
Conversational class
Streaming class
Interactive class
Background class

Maximum bitrate [kbps]
<2000 (1) (2)
<2000 (1) (2)
< 2000 – overhead (2) (3)
<2000 - overhead (2) (3)

Delivery order
Yes/No
Yes/No
Yes/No
Yes/No

Maximum SDU size [octets]
<1500 (4)
<1500 (4)
<1500 (4)
<1500 (4)

SDU format information
(5)
(5)



Delivery of erroneous SDUs
Yes/No/-
Yes/No/-
Yes/No/-
Yes/No/-

Residual BER
5*10-2, 10-2, 10-3, 10-4 (6)
5*10-2, 10-2, 10-3, 10-4, 10-5, 10-6 (6)
4*10-3, 10-5, 6*10-8  (6) (7)
4*10-3, 10-5, 6*10-8 (6) (7)

SDU error ratio
10-2, 10-3, 10-4, 10-5 (6)
10-2, 10-3, 10-4, 10-5 (6)
10-3, 10-4, 10-6 (6)
10-3, 10-4, 10-6 (6)

Transfer delay [ms]
80 – maximum value(6) 
500 – maximum value (6)



Guaranteed bit rate [kbps]
<2000 (1) (2)
<2000 (1) (2)



Traffic handling priority


1,2,3 (8)


Allocation/Retention priority
1,2,3 (8)
1,2,3 (8)
1,2,3 (8)
1,2,3 (8)

Source statistic descriptor
Speech/unknown
Speech/unknown
Speech/unknown
Speech/unknown

1) Bitrate of 2000 kbps requires that UTRAN operates in transparent RLC protocol mode, in this case the overhead from layer 2 protocols is negligible.

2) The granularity of the bit rate parameters must be studied. Although the UMTS network has capability to support a large number of different bitrate values, the number of possible values must be limited not to unnecessarily increase the complexity of for example terminals, charging and interworking functions. Exact list of supported values shall be defined together with S1, N1, N3 and R2. 

3) Impact from layer 2 protocols on maximum bitrate in non-transparent RLC protocol mode shall be estimated. 

4) Maximum SDU size shall at least allow UMTS network to support external PDUs having as high MTU as Internet/Ethernet (1500 octets). The need for higher values must be investigated by N1, N3, S1, R2, R3.

5) Definition of possible values of exact SDU sizes for which UTRAN can support transparent RLC protocol mode, is the task of RAN WG3.

6) Values are indicative. Exact values on Residual BER, SDU error  ratio and transfer delay shall defined together with S1, N1, N3 and R2. 

7) Values are derived from CRC lengths of 8, 16 and 24 bits on layer 1. 

8) Number of priority levels shall be further analysed by S1, N1 and N3.

4.2 Radio Bearers

Mapping of radio access bearers onto radio bearers is up to the RAN as long as the requested QoS is achieved. 

Each radio bearer will be mapped to one or more radio interface logical channels for the purposes of transmission over the GERAN. Suggested properties of the GERAN:

· The design of GERAN should allow for several radio bearers to be used simultaneously with single user equipment. This could be used  for instance to provide support for multiple QoS profiles in parallel

· The design of GERAN should allow for optimised voice radio bearers in both the PS and the CS domain. The handling of TFO is for further study.

 The design of GERAN should allow efficient support of the wide variety of services, including future services, which have yet to be defined.

4.2.2 Minimum radio bearer capabilities

Giving one of the possible values to each RAB service attribute defines a possible radio access bearer service. However, not all combinations are necessarily supported by the GERAN system. The following table shows potential combinations for the attributes that are expected to change dependent on the radio environment. The values given under the different QoS classes are Maximum bitrate/BER/Max Transfer Delay 
.

Table 2. Minimum radio bearer capabilities.

Operating environment
Propagation conditions
Conversational


Streaming
Background
Interactive

Rural outdoor

(Terminal relative speed to ground up to 250 km/h)
HT100

850/900 Mhz: RA250

1800/1900 Mhz: RA130
T.B.D.


T.B.D.


T.B.D.


T.B.D.



Urban/ Suburban outdoor

(Terminal relative speed to ground up to 120 km/h)
HT100

TU50
T.B.D.


T.B.D.


T.B.D.


T.B.D.



Indoor/ Low range outdoor

(Terminal relative speed to ground up to 10 km/h)
Indoor

TU3
T.B.D.


T.B.D.


T.B.D.


T.B.D.



4.2.3 RTP/UDP/IP Header adaptation

GERAN shall support header adaptation in order to provide an increase in spectral efficiency. In particular the header adaptation mechanism should not degrade the hand over performance and user perceived quality (e.g. header adaptation mechanism should not degrade the speech quality). Error propagation due to header adaptation should be kept to a minimum or avoided, if at all possible. In addition the header adaptation mechanism should operate under all expected BER and delay conditions.
5 Handover requirements

This section deals with both intra and inter GERAN handover and cell re-selection requirements. Cell re-selection refers to cell change when in idle mode whereas handover refers to change of physical channel (in the same or possibly in a new cell) when in non-idle state.

5.1 Intra GERAN handover and cell re-selection

The overall requirements on intra GERAN handover and cell re-selection are:

· For support of pre release 2000 terminals the GERAN should provide cell re-selection in the same way as (E)GPRS;

· For support of pre release 2000 terminals the GERAN should provide handover in the same way as GSM;

· Cell re-selection and handover should be network controlled
;

· GERAN should support intra- (within a cell) and inter- (between cells) cell handovers;

· from the users point of view, it is desirable for handover to be unnoticeable (seamless). However, the requirement for seamless handover is service dependent: for example, a speech call requires a quick handover and may be able to tolerate loss of information to a certain degree whereas a data service may allow a temporary break in the connection but not loss of information;

· For the optimized voice service, handover performance should be no worse than for GSM voice service. In particular, speech gap should be no more than 150 ms;

· Handover should also be supported for other real-time RAB with limited interruption;

· Non real time services will use either handover or cell re-selection depending on, among others, QoS parameters.

Re-selection methods under Network Control should allow the operator to optimize service availability for GSM/EDGE RAN users. Handover cell selection and re-selection procedures should allow System Operators the flexibility to manage the selection either of private or public systems, as well as cell hierarchies, for radio network optimization.

The interruption due to handover should be minimized and the performance should be equal or better than handover performance in GSM or TDMA 136.

The delay and data loss requirements on different handovers and cell re-selection shall be specified further.

5.2 Interworking with other systems

Specific requirements are expected from SA2. The following table should be seen as the working assumption on required handover scenarios between different systems while waiting input from SA2. 

Table 3. Required handover scenarios from GERAN to other systems.

To
GSM CS CN + GSM BSS
GSM PS CN+ GSM BSS
TDMA-136
UMTS PS CN R99 + UTRAN
UMTS CS CN R99 + UTRAN
UMTS PS CN R00 +GERAN
UMTS CS CN R00 + GERAN
UMTS PS CN R00 + UTRAN
UMTS CS CN R00 + UTRAN

From










UMTS PS CN R00 + GERAN
FFS
FFS
FFS
FFS
FFS
FFS
FFS
FFS
FFS

UMTS CS CN R00 + GERAN
FFS
FFS
FFS
FFS
FFS
FFS
FFS
FFS
FFS

Table 4 Required handover scenarios from other systems to GERAN.

From
GSM CS CN + GSM BSS
GSM PS CN+ GSM BSS
TDMA-136
UMTS PS CN R99 + UTRAN
UMTS CS CN R99 + UTRAN
UMTS PS CN R00 +GERAN
UMTS CS CN R00 + GERAN
UMTS PS CN R00 + UTRAN
UMTS CS CN R00 + UTRAN

To










UMTS PS CN R00 + GERAN
FFS
FFS
FFS
FFS
FFS
FFS
FFS
FFS
FFS

UMTS CS CN R00 + GERAN
FFS
FFS
FFS
FFS
FFS
FFS
FFS
FFS
FFS

6 Security issues

Specific requirements are expected from SMG10.

7 Operational requirements

7.1 Architecture requirements

Specific requirements are expected from SA2.

7.2 Radio operation environments

GERAN should support all Radio Access Bearers in the radio environments specified in current GSM 05.05.

7.3 Radio access network planning

For a comparable services, GERAN should provide cell range at least as good as GSM Release 99.  GERAN systems should not affect the performance of existing EGPRS/GSM systems. 

GERAN should support frequency planning similar to GSM Release 99. 

Note: Coverage for RT services of GERAN needs to be defined. 

7.4 Interference Management

GERAN should support interference management at least similar to GSM Release 99. The GERAN solution should not preclude the use of smart antennas. 

7.5 Frequency bands and licensing

GERAN systems should be deployable in at least those frequency bands defined in GSM 05.05 release 99. 

8 Efficient spectrum usage

8.1 Spectral efficiency

For comparable services, GERAN systems should have significantly higher spectral efficiency as compared to Release 99. It is understood that implementation of increased spectral efficiency may be restricted by the requirement of creating a Release 2000 Standard. 

8.2 Spectrum utilization

For initial deployment GERAN shall  support all  services in at least 2.4 MHz of spectrum. GERAN shall support all packet domain services (real and non real time) in COMPACT mode deployment. It is recognized that spectrum efficiency may be greater with larger spectrum deployments. 

9 Deployment requirements

9.1 Deployment

GERAN should be flexible to support a variety of initial deployments.

It should be possible to deploy GERAN with a minimum of upgrades to GSM Release 99 radio equipment. GSM/EDGE RAN may be deployed as a contiguous coverage, Island coverage, or Spot coverage system. It is anticipated that GERAN will also be deployed on a city-by-city basis.

9.2 Backward compatibility

It should be possible to deploy GERAN in spectrum shared with GSM Release 99, as well as other GSM systems. GERAN should be deployable in carriers and time slots adjacent to those supporting GSM Release 99, at least with fixed division of time slots between GERAN and the other systems.

It is recognized that there may be advantages to dedicating radio resources system-wide to some types of GERAN operation.

10 Complexity / cost

It should be possible to provide a variety of MS as well as Base Station types of varying complexity, cost and capabilities in order to satisfy the needs of different types of operator and user scenarios. The Release 2000 is expected to imply the same RF properties as a Release 1999.

10.1 Terminal

GERAN systems should support a variety of terminal types, including advanced feature phones, PDA’s, PCMCIA cards, and other terminal types. Hand portables and PCMCIA card sized GERAN terminals should be optimized in terms of size, weight, operating time, range, and the effective radiated power and cost/performance ratio. 

10.2 Network

For further study

11 Requirements from bodies outside SMG

11.1 Electromagnetic compatibility

GERAN systems should cause no more interference to other equipment than current GSM-based systems. 

11.2 RF radiation

GERAN systems should operate at RF emission power levels consistent with applicable recommendations and specifications for electromagnetic radiation.

11.3 Security

For further study

12  Evolution of GERAN

Release 2000 of GERAN should include efficient support of RT services in the PS domain and it should be aligned with UMTS. The GERAN shall be defined so that it can be implemented in phases with increasing functionality (for example making use of new technology), while allowing the maximum possible backwards compatibility. The introduction of new functions should be done in a manner that maximizes forward compatibility with enhancements expected in subsequent releases. The definition of GERAN should allow evolution to higher bit rates.

13 Open Issues

This section summerizes the open issues that have been identified in this document.

1. Is there support for multiple QoS profiles in parallel in R99

2. A discussion on the relation of TFO to the Transcoder (TRAU) position in the architecture highlighted the issue of how UTRAN deals with TFO. The following questions arose:
1.
Clarification on how TFO is handled in UMTS  (This is a question for 3GPP TSG S4))
2.
What voice requirements will come from S2

3. Input from SA2 is expected on the RAB attribute value ranges.

4. The T.B.D. in table 2 need to be resolved. Another open issue in the table is whether other propagation models should be included, e.g. BUx.

5. Verify that the speech gap during handover should be no more than 150 ms is a GSM requirement.

6. The delay and data loss requirements on different handovers and cell re-selection shall be specified further. The requirements depend on the service and that should be reflected as well.

14  References
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� To complete the requirements the percentile for the values given in the table should be defined. 


� Network controlled cell re-selection refers to cell re-selection as in GSM, where the cell selection procedure is controlled by broadcasted parameters.
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