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Performance requirements for EC-EGPRS
1 Introduction
The purpose of this discussion document is to collect comments on the proposed changes to TS 45.005 [1] when introducing EC-EGPRS. This feature or service is the same as described and studied in the TR 45.820 [2] as EC-GSM. EC-EGPRS is the preferred name as it a package-switched service only based on EGPRS and on logical channels supporting operation in extended coverage (EC-channels).
The document walks through the subclauses of 3GPP TS 45.005 [1] and gives some background to the chosen changes or additions of the BTS and MS performance requirements for EC-EGPRS.
This document is an update of GP-151103 from GERAN #68.
2 Specification characteristics
2.1 	1 Scope
A paragraph is added to describe the purpose and basic characteristics and performance requirements for this service and associated devices. It is stating that the changes are introduced to support low-cost, low data throughput devices in environments experiencing high propagation attenuation as indoors in basements etc. Specifically of interest for 3GPP TS 45.005 [1] is the EC-channels that operate in extended coverage where additional performance requirements are needed. This enhancement of EGPRS service with extended coverage is called Extended Coverage EGPRS, EC-EGPRS. Since EC-EGPRS is based on EGPRS, the requirements for EGPRS are intended to apply unless otherwise stated.
2.2 	1.3 Definitions
The concept of Coverage Classes is introduced with reference to its description in TS 43.064. In a similar way EC-EGPRS operation is defined by reference to TS 43.064.
2.3 	1.2 Abbreviations
The abbreviation CC for Coverage Classes is introduced. The abbreviation is used in a number of revised clauses.
2.4 	4.1 Output power
2.4.1 4.1.1 MS output power
A new power class 6 is introduced for both the lower (850 and 900) and higher frequency bands to make it possible to use integrated power amplifiers for low cost devices. Power class 6 specifies +23 dBm peak power for lower bands and +22 dBm peak power for higher bands. In addition, power class 4 (+33 dBm) for lower bands and class 1 for higher bands are supported for this service to provide good coverage for devices in bad propagation conditions. Apart from the introduced power class 6, the chosen power classes are the ones used today in the vast majority of GPRS/EGPRS device platforms.
Only GMSK is mandatory for EC-EGPRS devices. 8PSK modulation is optional. A new power class E4 is introduced to get a feasible matching class to the new power class for GMSK. If 8-PSK power classes can be supported for EC-EGPRS mobiles is up to the vendors. If possible only one combination per GMSK power class is preferred. 
In addition it is proposed to specify lower power control levels as mandatory to give the network the possibility to limit any interference in its own network when devices are close to the base stations, i.e. especially when the cells are small macro cells or micro cells as defined in TR 45.050. The lowest control power is proposed to -7/-8 dBm. Thus at least six more levels are specified as mandatory for the lower frequency bands and at least four more for the higher frequency bands. The applicability of EC-EGPRS for small cells may need further discussions.
Power reduction at multislot transmission is not allowed for EC-EGPRS as per agreed WI, see [3].
2.4.2 4.1.2  BTS output power
No change is proposed in this subclause as the service is seen as an add-on to existing base stations. This is also valid for the accuracy of the power levels.
2.5 	4.2 Output RF spectrum
No changes are foreseen in this clause.
2.6 	4.3 Spurious emissions
No changes are foreseen in this clause..
2.7 	4.4 Radio frequency tolerance
No change is assumed to be required.
2.8 	4.5 Output level dynamic operation
No changes are foreseen.
2.9 	4.6 Modulation accuracy
No change in modulation accuracy requirements are needed as EGPRS MCSs are reused.
A new subclause 4.6.3 is introduced due to the dependence of multiple blind physical layer transmissions for higher Coverage Classes (CC2-CC4) including:
1. Definition: Phase coherency occurs when the phase of the transmitted waveform of the useful part of a burst (including tail bits) is the same between transmitted bursts. Using the same pseudo‑random data sequence in all active timeslots, the phase coherency error on the useful part of the burst (including tail bits), shall be measured by computing the difference between the phase of one transmitted waveform of a burst and the phase of the one transmitted in the previous, adjacent time slot. The RMS value of the phase difference over the useful part of a burst and the peak deviation shall not exceed the values below.
2. Requirements: Extended coverage performance in EGPRS operation (EC-EGPRS) is based on blind physical layer transmissions of bursts in multiple timeslots and/or multiple TDMA-frames. To allow the receiver to coherently accumulate the blind physical layer transmissions over multiple timeslots within a TDMA-frame, phase coherency between these transmissions is required. No requirement on phase coherency of blind physical layer transmissions between TDMA frames is required.
The deviation from phase coherency between any two bursts of the blind physical layer transmissions transmitted over consecutive timeslots for EC-channels in CC other than CC1 shall not exceed [tbd] degrees rms and [tbd] degrees peak.
The requirements are specified for MS in EC-EGPRS operation and BTS separately, at least for the time being. These apply to EC-PACCH and EC-PDTCH both in uplink and downlink, For the MS the requirements also apply to 2 TS EC-RACH mapping.
BTS:	 [tbd] degrees rms and [tbd] peak
MS:	 [tbd] degrees rms and [tbd] peak
Required values are still to be defined.
The exact definition and possible ways of showing compliance is further elaborated in a separate document, see [4].
Phase coherency is not required between TDMA-frames.
2.10 	4.7 Intermodulation attenuation
No changes are proposed.
2.11 	5.1 Blocking characteristics
As the basic principle is to reuse the infra-structure as much as possible, fulfilled performance requirements for EGPRS in MCS-1 is assumed to be sufficient for BTS supporting EC-channels. 
The same principle is used for MS. No change in requirements is considered.
2.12 	5.2 AM suppression characteristics
The same approach as in 5.1 Blocking characteristics is applied.
2.13 	5.3 Intermodulation characteristics
The same approach as in 5.1 Blocking characteristics is applied.
2.14 	6.1a Receiver performance MS conditions
It is clarified that EC-EGPRS MS need to support only packet-switched service. Support of modulation- and coding scheme MCS-1 is mandatory for all Coverage Classes, while other GMSK modulation- and coding schemes shall be supported for CC1. 8-PSK modulation- and coding schemes are optional. Requirements for EC-EGPRS specific channels shall be supported according to supported CC. Support of overlaid cdma to increase the uplink capacity in coverage classes higher than CC1 is required, thus creating up to 4 EC-EGPRS subchannels.
2.15 	6.1b Receiver performance BTS conditions
For the BTS EC-EGPRS is an addition to other GSM/EGPRS service. Thus it is stated that BTS supporting EC-EGPRS service shall in addition to fulfilling the EGPRS requirements, fulfil the requirements for EC-channels in at least two Coverage Classes (CC1 and CC4) for EC-channels where different Coverage Classes are used. The BTS shall support EC-SCH, EC-BCCH, EC-CCCH, EC-PACCH, and at least support MCS-1 for EC-PDTCH.
The performance requirements are defined without RX diversity to be aligned with the requirements for EGPRS and simplify comparison of performance. 
2.16 	6.2 Reference sensitivity level
In section 6.2.2 Packet-switched channels it is clarified which options apply for the EC-EGPRS service and devices: 
· Reference sensitivity level is the same as today for EGPRS, when related to requirements for blocking, Intermodulation and AM suppression. 
· For EC-EGPRS specific packet switched channels the requirements on actual level for performance in the (new) performance tables shall be met only in case of BTTI and no PAN at GMSK and 8-PSK modulation, if supported. 
· No specific requirements apply to USF since Fixed Uplink Allocation is used for EC-EGPRS.
· In case EC-EGPRS subchannels are multiplexed on the same timeslot in CC2 to CC4, using overlaid cdma, there is a reference to a time and frequency offset model in a new annex R.
· Performance requirements for EC-EGPRS MS and BTS are specified in separate tables.
In table 6.2-5 the required BLER is specified for the EC-EGPRS specific channels with proposed requirements within brackets. The table is redesigned due to the increased number of channels. It is clarified that for EC-PDTCH and EC-PACCH channels in downlink, the BLER shall be evaluated with random USF in each of the blind physical layer transmissions.
A new section 6.4a Repeated control channel and data channel performance for EC-EGPRS is introduced to clarify that the enhanced performance of extended coverage is achieved by repeating of transmissions by stating
“For EC-channels in Coverage Classes higher than CC1 (i.e. CC2, CC3 and CC4) blind physical layer transmissions are used (EC-PDTCH, EC-RACH, EC-PACCH, EC‑BCCH, EC-AGCH, EC-PCH). The minimum input signal level for which the reference performance shall be met is specified in table 1z, 1aa, 1ab, 1ac and 1ad, according to the propagation condition and type of equipment, assuming the input signal fulfils the phase coherency requirements in subclause 4.6.4.”
2.17 	6.3 Reference Interference level
In 6.3.2.1 (MS) and 6.3.2.2 (BTS) a paragraph is added saying that the co-channel performance requirements is specified in new tables for all CCs and applicable modulation schemes.
In 6.3.3.1.1 (MS) and 6.3.3.1.2 (BTS) a paragraph is added saying that the adjacent channel performance requirements is specified in new tables for all CCs and applicable modulation schemes. Note that only normal symbol rate applies. 
For the second adjacent channel performance it is also proposed to not specify any value.
In 6.3.4 Reference interference performance – signal levels it is proposed to 
1. Reuse the levels define for packet-switched channels (GMSK and 8-PSK modulated) for co-channel requirements, i.e. wanted signal level is defined by -93 dBm + Ir + Corr where Ir is specified in the new tables.
2. For adjacent channel interference requirements an wanted signal level is defined as -75 dBm + Iar + Corr where Iar is specified in the new tables. The interference level is chosen to assure that all signals will be sufficiently above the noise level. 
In 6.3.5 Additional reference interference performance requirements and conditions it is clarified that “In case of EC-EGPRS the interference shall be provided with new realization of each burst in case the wanted signal is repeated.”
2.18 	6.4 Erroneous frame indication performance
EC-PRACH is added to the list of channels.
2.19 	6.5 Random access and paging performance at high input levels
Requirements are added for EC-PCH (MS in EC-EGPRS operation) and EC-RACH (BTS) reception for single burst as well as multiple blind physical transmissions of bursts.
2.20 	6.6 Frequency hopping performance under interference conditions
No change is proposed.
2.21 	6.7 Incremental Redundancy Performance for EGPRS and EGPRS2 MS
Requirements and conditions for EC-EGPRS devices supporting only MCS 1-4 are added in the table with two cases: one for CC1 using MCS-4 and one for CC4 using MCS-1/16. In case EC-EGPRS supports MCS-1 to MCS-9, current new set of requirement for MCS-9 are added.
2.22 Performance tables
A number of tables are added at the end. References to these are provided in applicable subclauses. Simplification may be possible but at present complete set is considered:
· Separate tables for MS in EC-EGPRS operation and BTS
· For GMSK the requirements for input level for reference performance are supplied in two types of tables:
· Requirements for different EC-channels in different coverage classes (CC1-CC4) under propagation conditions static, TU1,2 (noFH and ideal SFH) and TU30 (noFH). In case of BTS these apply when one EC-EGPRS MS is allocated per time slot.
· For BTS another table is added for different EC-channels in coverage classes higher than CC1, i.e. CC2-CC4, when 2 or 4 EC-EGPRS MS are multiplexed on the same time slot, under propagation TU1,2 (noFH).  
· For 8-PSK modulated channels, separate tables are provided for EC-EGPRS operation in CC1 on different EC-channels and under the same propagation conditions as GMSK requirements.
· New tables for co-channel and adjacent channel performance requirements are added for different EC-channels in different coverage classes (CC1-CC4) under propagation conditions TU1,2 (noFH and ideal SFH) and TU30 (noFH).
Note that in the tables the channel notation proposed to be introduced in TS 45.003 is used to clarify the actual conditions, e.g. EC-PDTCH/MCS-1/16 refers to EC-PDTCH with modulation- and coding scheme MCS-1 using 16 blind physical layer transmissions (uplink and downlink). In case of EC-PACCH it is further detailed by indicating the transmission direction, e.g. EC-PACCH/U/16 referring to EC-PACCH in uplink. 
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