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Coherency requirements for Blind Physical Layer Transmissions in EC-GSM-IoT
1. Introduction

At GERAN#69, different concepts for specifying phase coherency requirements in 3GPP TS 45.005 were proposed [1, 2] and a discussion was started. The discussion was continued at the GERAN Telcos on CIoT_EC_GSM #5 to #7. This document is based on [3], and major additions are marked in blue font. A proposal on how to include the coherency requirement for the DL into 3GPP TS 45.005 is appended.

Inside the same TDMA frame, the blind physical layer transmissions shall be transmitted with a coherent phase. One way of defining a corresponding performance requirement is based on checking the transmitter's phase trajectory against the definition of the phase coherency. A corresponding proposal (covering also the amplitude droop between bursts) is the Normalized RMS in [5].

However, it would be difficult to agree on DL limits for the Normalized RMS requirement because legacy BTS in the field were neither specified nor designed according to such a coherency requirement. Hence the only way to find out what limit is acceptable without HW impact to the BTS in the field is by measuring the performance according to the proposed new definition. However, measuring several samples of each model of legacy BTS requires a tremendous effort because firmware upgrades for commercial measurement instruments, supporting a coherency measurement according to the proposal in Annex S of [5], will not be available in time for discussing a performance limit in 3GPP Rel-13.

This contribution proposes a performance criterion based on the objective of the phase coherency in the DL, namely the increase of the wanted signal level by IQ accumulation.
2. Increase of the wanted signal level by IQ accumulation

The objective of the phase coherency in the blind physical layer transmissions on the downlink is that the receiver can add

the baseband signals of the burst repetitions inside the same TDMA frame with an appropriate time shift

to

the baseband signal of the blind physical layer transmissions' first burst in that TDMA frame.

Due to the phase coherency, the wanted signal will add up constructively, and the signal level will theoretically increase by 12.04 dB in the case of 4 blind physical layer transmissions (EC-PDTCH and EC-PACCH).

If each of the 4 bursts fulfils the modulation accuracy targets and the power-versus-time mask, the combined signal can be assumed to do so as well. Hence it should be sufficient

· to perform an ideal IQ accumulation in the measurement instrument and

· to check that this Tx signal level, referred to as equivalent combined power, is 12 dB higher than the required level without IQ accumulation.

The measurement instrument is assumed to calculate anyway a baseband signal s(t). If there are blind physical layer transmissions over 4 bursts whose useful part is 147 normal symbol periods T long and which starts at t0, t1, t2 and t3, respectively, then instead of assessing

the average power of y(t) = s(t-t0) for 0 ≤ t ≤ 147T over at least 200 bursts,

it is done for z(t) = s(t-t0) + s(t-t1) + s(t-t2) + s(t-t3) for 0 ≤ t ≤ 147T over at least 200 TDMA frames.

Since moderate phase errors will only have a minor impact on the gain by the IQ accumulation, the Tx frequency error need not be compensated. Example: If the first bursts was transmitted with a phase error of -15°, the second burst with a phase error of -5°, the third burst with a phase error of +5° and the fourth burst with a phase error of +15°, the gain would still reach 11.9 dB.

After the IQ accumulation, the existing BTS output power accuracy requirements should be fulfilled with an output power target that is increased by 12 dB for 4 bursts compared with 3GPP TS 45.005 subclause 4.1.2 c). This allows for a trade-off between the output power tolerance and the phase coherency. Hence BTS whose output power tolerance is significantly smaller than the allowed tolerance of ±2 dB should easily fulfil such a requirement ( measuring the equivalent combined power of such legacy BTS prior to the agreement of the new requirement in 3GPP TS 45.005 will be obsolete if the legacy BTS can be programmed to provide phase coherent signals.

If, however, a BTS's output power was exactly at the lower end of the allowed ±2 dB range under normal conditions, e.g. only 41 dBm despite a declared maximum output power of 43 dBm, this BTS would need a very good coherency to fulfil after the IQ accumulation the output power requirement from 3GPP TS 45.005 subclause 4.1.2 c) shifted up by 12 dB, in this example

43 dBm ± 2 dB + 12 dB, i.e. at least 53 dBm.

If this level of 53 dBm could not be achieved, the manufacturer would have to declare for the BTS a more realistic maximum output power than 43 dBm.

This equivalent combined power approach is proposed as an alternative to the Normalized RMS proposal in [5]. It is expected to be

· in line with the purpose of the IQ accumulation,

· rather easy to fulfil, also for legacy BTS that can be configured to transmit coherently over at least four timeslots in a row, and

· relatively simple to implement in a measurement instrument.

Thus the following proposal is made.
Proposal: for verifying the transmitter coherency requirement, it is sufficient to perform an ideal IQ accumulation in the measurement instrument and to compare the Tx signal level with a 12 dB higher limit than in TS 45.005 section 4.1.2 c). The requirements in TS 45.005 and in TS 51.021 should be based on this verification method.

Details about the proposed changes in TS 45.005 are appended.
Status: not agreed.

The contribution [4] raised the question of the measurement equipment's acceptable uncertainty which is specified in 3GPP TS 51.021 subclause 4.7. For the mean transmitted RF carrier power (in dBm), an uncertainty of ±1 dB is allowed. We propose to require the same tolerance for the equivalent combined power (in dBm). This means that no additional measurement equipment uncertainty applies to the coherency requirement.

The conformance test can run in a similar way as the test case measuring the mean transmitted RF carrier power, requiring also the check at BMT. The BTS transmits anyway on all timeslots according to the test case in 51.021 subclause 6.3.2. The Tx signal will just have to include blind physical layer transmissions (with the same USF value), and then the measurement instrument should be able to display during the same test run both the carrier power according to the legacy method and the equivalent combined power after IQ accumulation over the blind physical layer transmission's 4 timeslots.

3. Cancellation of an unwanted overlaid CDMA subchannel by
     IQ accumulation with the wanted subchannel's Walsh-Hadamard code

In the UL, the coherency has a second objective, namely that with overlaid CDMA, all unwanted sub-channels are suppressed. The criterion proposed in section 2 is not sensitive enough to check this objective. Hence another criterion was proposed in [3].

If a few corrections are applied, the normalized RMS value of the error vector magnitude proposed in [5] will look suitable for the UL, too. As a reference for the normalized RMS calculation, other bursts of the blind physical layer transmissions are used instead of the ideal signal. This is an unusual reference for an error vector magnitude because making the same errors in all bursts will be ignored. In the UL, however, the required orthogonality for overlaid CDMA justifies checking that the four bursts are the same rather than checking that the four bursts come close to the ideal signal.
The normalized RMS approach will implicitly tighten the MS frequency error requirement. On the one hand, this is helpful for receiving overlaid CDMA, but on the other hand, this might complicate the implementation of EC-GSM-IoT in the MS.

4. CONCLUSIONs

Specifying the phase coherency performance requirement based on the definition of the phase coherency leads to a different requirement than specifying it based on the purpose of the phase coherency.

For the DL, we propose to proceed according to the purpose based proposal given in section 2 because the equivalent combined power criterion may allow for a fast agreement of a meaningful coherency requirement without a prior measurement of legacy BTS performance.

For the UL, the approach proposed in [5] looks in principle acceptable, but a few corrections are needed.
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4.1
Output power

4.1.2
Base station

a)
Requirements for base stations except multicarrier BTS

For a normal BTS, the maximum output power measured at the input of the BSS Tx combiner, shall be, according to its class, as defined in the following table.

Table 4.1-6 Normal BTS power classes

	GSM 400 & GSM 900 & ER-GSM 900 & GSM 850 & MXM 850 and GSM 700


	DCS 1 800 & PCS 1 900 & MXM 1900



	TRX
	Maximum
	TRX
	Maximum

	power class
	output power
	power class
	output power

	1
	320 ‑ (< 640) W
	1
	20 ‑ (< 40) W

	2
	160 ‑ (< 320) W
	2
	10 ‑ (< 20) W

	3
	80 ‑ (< 160) W
	3
	5 ‑ (< 10) W

	4
	40 ‑ (< 80) W
	4
	2,5 ‑ (< 5) W

	5
	20 ‑ (< 40) W
	
	

	6
	10 ‑ (< 20) W
	
	

	7
	5 ‑ (< 10) W
	
	

	8
	2,5 ‑ (< 5) W
	
	


For a micro‑BTS or a pico-BTS, the maximum output power per carrier measured at the antenna connector after all stages of combining shall be, according to its class, defined in the following table.

Table 4.1-7 Micro BTS and Pico BTS power classes

	GSM 900 & ER-GSM 900 & GSM 850 & MXM 850 and GSM 700 micro and pico‑BTS


	DCS 1 800 & PCS 1 900 & MXM 1900 micro and pico‑BTS

	TRX power class
	Maximum output power
	TRX power class
	Maximum output power

	Micro
	
	Micro
	

	M1
	(> 19) ‑ 24 dBm   
	M1
	(> 27) ‑ 32 dBm   

	M2
	(> 14) ‑ 19 dBm   
	M2
	(> 22) ‑ 27 dBm   

	M3
	(> 9) ‑ 14 dBm   
	M3
	(> 17) ‑ 22 dBm   

	Pico
	
	Pico
	

	P1
	(> 13) ‑ 20 dBm   
	P1
	(> 16) ‑ 23 dBm   


For BTS supporting QPSK, AQPSK, 8-PSK, 16-QAM and/or 32-QAM the manufacturer shall declare the maximum output power capability for GMSK and for each additionally supported combination of modulation and symbol rate.

The TRX power class is defined by the highest single carrier output power capability for any modulation.

b)
Requirements for multicarrier BTS

For BTS belonging to a multicarrier BTS class, the manufacturer shall declare the maximum output power per carrier in case that all carriers are operated at the same nominal output power. The declaration shall be given for each modulation and for all supported number of carriers up to the maximum number on each antenna port. Additionally, the maximum total power supported shall be declared.

The maximum total output power measured at the antenna connector after all stages of combining shall be as declared by the manufacturer but within the limits of the multicarrier BTS class, specified in table 4.1-8.

Table 4.1-8 Multicarrier BTS classes

	All bands

	Multicarrier BTS class
	Total out
put power limit per antenna port

	Wide Area
	(NOTE 2)

	Medium Range
	38 dBm

	Local Area
	24 dBm

	NOTE 1: Medium Range and Local Area classes are not applicable for MXM 850 and MXM 1900

NOTE 2: There is no upper power limit for the Wide Area multicarrier BTS


c) Requirements for all types of base stations 

The tolerance of the actual maximum output power of the BTS for each supported modulation shall be ±2 dB under normal conditions and ±2,5 dB under extreme conditions. Settings shall be provided to allow the output power to be reduced from the maximum level for the modulation with the highest output power capability in at least six steps of nominally 2 dB with an accuracy of ±1 dB for each modulation to allow a fine adjustment of the coverage by the network operator. In addition, the actual absolute output power for each supported modulation at each static RF power step (N), with the exception below for the highest RF power level for 8-PSK, AQPSK, QPSK, 16-QAM and 32-QAM shall be 2*N dB below the absolute output power at static RF power step 0 for the modulation with the highest output power capability with a tolerance of ±3 dB under normal conditions and ±4 dB under extreme conditions. The static RF power step 0 shall be the actual output power according to the TRX power class.

As an option the BSS can utilize downlink RF power control. In addition to the static RF power steps described above, the BSS may then for each supported modulation utilize up to 15 steps of power control levels with a step size of 2 dB ± 1,5 dB, in addition the actual absolute output power for each supported modulation at each power control level (N), with the exception below for the highest power level for QPSK, AQPSK, 8-PSK, 16-QAM and 32-QAM, shall be 2*N dB below the absolute output power at power control level 0 for the modulation with the highest output power capability with a tolerance of ±3 dB under normal conditions and ±4 dB under extreme conditions. The power control level 0 shall be the set output power according to the TRX power class and the six power settings defined above.

The output power for GMSK, QPSK, AQPSK, 8-PSK, 16-QAM and 32-QAM shall be nominally the same for any supported static RF power step and power control level. An exception is allowed for the maximum output power levels of respectively QPSK, AQPSK, 8-PSK, 16-QAM and 32-QAM which may be lower than the GMSK output power for the same power step or power control level. The nominal size of the first step down from the respective maximum power level of QPSK, AQPSK, 8-PSK, 16-QAM and 32-QAM may be in the range 0…2 dB. The output power for the GMSK, QPSK, AQPSK, 8-PSK, 16-QAM and 32-QAM at this power control level shall still be considered the same when required in 3GPP TS 45.008. The output power of QPSK, AQPSK, 8-PSK, 16-QAM and 32-QAM for the remaining power steps or power control levels shall be the same as the GMSK power for the corresponding power step or power control level within a tolerance of ±1 dB. The number of static RF power steps and the total number of power control steps may be different for GMSK and other modulations.

Network operators or manufacturers may also specify the BTS output power including any Tx combiner, according to their needs.

d) Requirements for base stations supporting EC-GSM-IoT
Additionally, when the base station transmits in each TDMA frame
- four blind physical layer transmissions (with the same USF value) in subsequent timeslots
- at static RF power step 0
- and power control level 0,
the equivalent combined power according to Annex T of the four blind physical layer transmissions per TDMA frame shall be at least equal to the declared maximum output power plus
10 dB under normal conditions and
9.5 dB under extreme conditions.
4.1.2.1
Additional requirements for PCS 1 900 and MXM 1900 Base stations

The BTS transmitter maximum rated output power per carrier, measured at the input of the transmitter combiner, shall be, according to its TRX power class, as defined in the table 4.1-6 above. The base station output power may also be specified by the manufacturer or system operator at a different reference point (e.g. after transmitter combining).

The maximum radiated power from the BTS, including its antenna system, shall not exceed a maximum of 1 640 W EIRP, equivalent to 1 000 W ERP, per the applicable FCC rules for wideband PCS services [FCC part 24, subpart E, section 24.237].

4.1.2.2
Additional requirements for GSM 850 and MXM 850 Base stations 

The BTS transmitter maximum rated output power per carrier, measured at the input of the transmitter combiner, shall be, according to its TRX power class, as defined in the table 4.1-6 above. The base station output power may also be specified by the manufacturer or system operator at a different reference point (e.g. after transmitter combining).

The maximum radiated power from the BTS, including its antenna system, shall not exceed a maximum of 500 W ERP, per the applicable FCC rules for public mobile services [FCC part 22, subpart H, section 22.913].

4.1.2.3
Additional requirements for GSM 700 Base stations 

The BTS transmitter maximum rated output power per carrier, measured at the input of the transmitter combiner, shall be, according to its TRX power class, as defined in the table 4.1-6 above. The base station output power may also be specified by the manufacturer or system operator at a different reference point (e.g. after transmitter combining).

The maximum radiated power from the BTS, including its antenna system, shall not exceed a maximum 1000 W ERP for GSM 700 BTS per the applicable FCC rules [FCC Part 27, Subpart C, Section 27.50].
4.1.2.4
Additional requirements for ER-GSM 900 Base stations 

The BTS transmitter maximum rated output power per carrier, measured at the input of the transmitter combiner, shall be, according to its TRX power class, as defined in the table 4.1-6 above. 

The BTS transmitter maximum rated output power per carrier shall be subject to regulatory coordination to avoid uncoordinated system impacts (RF scenarios for ER-GSM introduction and the MCL to be used are given in 3GPP TR 45.050) based on the case of uncoordinated or coordinated deployment in the same geographical area with other systems in the E-GSM band as specified in this clause. 

4.1.2.4.1 Uncoordinated deployment

In case of uncoordinated deployment with other systems in the E-GSM band, in order to prevent blocking, the BTS transmitter maximum rated output power per carrier, measured at the input of the transmitter combiner, in the frequency range 918-921 MHz, shall be at most:

i) -40.4 dBm + MCL + (f-918.2)*6 dB in case of coexistence with GSM BTS

ii) -58.7 dBm + MCL + (f-918.2)*11 dB in case of coexistence with UTRA and E-UTRA BS

where f = DL frequency in MHz, 918.2 ≤ f ≤ 921.0 and MCL=67dB.

4.1.2.4.2 Coordinated deployment

In case of coordinated deployment with other systems in the E-GSM band, MCL higher than 67 dB can be taken into account to allow higher output power from an ER-GSM BTS transmitting in 918-921 MHz.
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Annex T (normative):
Calculation of the equivalent combined power

For calculating the equivalent combined power of the EC-PDTCH's and EC-PACCH's four blind physical layer transmissions per TDMA frame in the EC-GSM-IoT coverage classes 2 to 4, the transmit signal is demodulated to a complex-valued baseband signal and sampled at the symbol times. Let Y(k) denote the sequence of complex-valued samples produced by observing the transmitter with a measurement bandwidth of at least 300 kHz. Without loss of generality, let
Y(k=0) be the sample of the first tail symbol of TN0 in a 52-multiframe's first TDMA frame with number x.

The equivalent combined signal is calculated by
- summing up the samples Y(k) of the four (theoretically) identical bursts in each TDMA frame
- after proper time shift according to the time offsets between the timeslots specified in 3GPP TS 45.010
  subclause 5.7.2


- without any compensation of the transmitter's phase error, frequency error or timing drift.

In the following, this is explained in an example with blind physical layer transmissions using TN4 to TN7 (these timeslots can be used even in the case of a cell with a single carrier). The useful parts of the bursts have the following sample numbers k in the TDMA frame x.
TN0: 0 to 147
TN1: 157 to 304
TN2: 313 to 460
TN3: 469 to 616
TN4: 625 to 772
TN5: 782 to 929
TN6: 938 to 1085
TN7: 1094 to 1241

Let Z(k) denote the equivalent combined signal which is defined for
k ( {n·1250, 1+n·1250, ..., 147+n·1250} where n is an integer determining the TDMA frame relative to TDMA frame x.
The four equal bursts per TDMA frame are combined into a single burst per TDMA frame:
Z(k) = Y(k+625) + Y(k+782) + Y(k+938) + Y(k+1094)   for blind physical layer transmissions on TN4 to TN7

The equivalent combined power is the power of Z(k) averaged over at least 200 useful parts of combined bursts, e.g.
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with averaging over 17·12=204 TDMA frames, excluding idle frames, in the range of TDMA frames x to x+219.

Note: Ideally, the power of Z(k) is 16 times the power of Y(k) during the useful part of the burst, respectively.
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