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Discussion

1
Introduction

The R11 SI “Provision of low-cost MTC UE’s based on LTE” [1] aims to investigate the feasibility of MTC type of terminals and solutions that would permit the use of LTE radio access to become competitive with that of GSM/(E)GPRS terminals addressing the MTC use case.
It is one of the objectives of the SI that LTE radio based solutions should ensure service coverage is not worse than what is achievable using GSM/(E)GPRS). Furthermore, LTE radio based solutions should enable significantly improved spectrum efficiency for low data rate MTC traffic compared to what can be achieved with R99 GSM/(E)GPRS) terminals.
In this contribution, we present DL and UL reference link budgets for voice and low data-rate services using GSM/(E)GRPS.
We start by summarizing assumptions made in terms of deployment scenarios and we include some explanatory notes regarding the choice of the reference cases. The summary DL and UL link budgets are then provided in Tables 1 and 2.
2
GSM and (E)GPRS reference link budgets
Deployment assumptions

In order to represent a decent range of MTC services when using GSM/(E)GPRS modems, we include both voice and low-rate data services into the link budget analysis.
Operating SINR numbers in the link budget analysis are for a 900MHz deployment and for TU3. We assumed typical 4 TRX configurations (or equivalent using MCPA).
Most if not all GSM deployments can be considered DL interference limited. Therefore, the DL numbers in Table 1 are shown when frequency-hopping is enabled. Link adaptation and IR are assumed to be active. UL numbers presented in Table 2 are for a noise-limited deployment, i.e. a large urban or suburban macro cell. It is again assumed that link adaptation and IR are active, and FH is enabled. Note that even in a noise-limited scenario, FH will result in gains due to randomization of C/I values over the individual bursts that are part of a radio block, i.e. the probability of losing an entire radio block is reduced at the expense of increasing the variance of observed C/I values resulting in a loss from FH for some MCS’s. This is particularly important when considering performance of high MCS’s which have little channel coding gain such as MCS-8 or -9.
Voice services

For voice services, we include both EFR and NB-AMR into the link budget tables. For NB-AMR, TCH/AFS12.2 and TCH/AFS7.4 are shown, i.e. only performance in full-rate channels is considered. We acknowledge that it may be important to consider HR channels in particular for small bandwidth GSM deployments. NB-AMR 7.4 kbps is included to provide some indication of link performance in presence of inband codec adaption. Note that MOS would typically start decreasing significantly at or below 6.7 kbps.
Note that the operating SINR numbers below should be considered as conservative. GSM networks in practice today typically offer much better performance. This is due to advances in both silicon and Rx processing, but it is also partially due to features that are not captured by R99 based performance comparison numbers (such as solicited by TR36.888). In particular the advent of DARP several years ago increased voice performance significantly.
Data services

For low-rate MTC data services, we include one 10 kbps example using GPRS, and two EGPRS based cases where the sustained DL data rate is around 20 kbps and 40 kbps respectively. For the GPRS example, DL 1TSL:UL 1 TSL is assumed. For the EGPRS cases, a DL 2TSL:UL 1TSL reference EGPRS multislot class 2 is considered. UL numbers assume 1 TSL only, therefore sustained UL data rates are about 50% of the DL numbers.
Note that EGPRS MCS-1 to -4 are sent using GMSK, but MCS-5 to -9 use 8-PSK. A 2dB backoff on the BTS side and 3.5 dB on the handset side are included for the EGPRS cases given that LA would switch to 8PSK quite frequently.

While a 2 DL:1UL reference EGPRS multislot class 2 could nominally support up to ~118kbps DL peak data rate, we do not consider this to be a typical case. When plotting MCS distributions for a population of devices in a live network, MCS-8 and -9 are not frequently used. This is due to the very much reduced coding rates they offer (MCS-8 0.92 and MCS-9 1.0) which results in required C/I levels in excess of 25dB. For the typical data rates of some 20kbps or 40 kbps using 2 DL TSL’s in the two EGPRS reference cases, this would correspond to the frequent use of MCS-2/-3 and MCS-5/-6. Note that MCS1 supports a peak rate of 8.8 kbps and MCS5 supports a peak rate of 22.2 kbps. Both only use 1 RLC segment per radio block (but MCS-7 or higher MCS segment into 2 RLC segments per radio block).

RF and antenna configurations
In order to compute receiver sensitivity, we assume a 5dB noise factor for the BTS and a 9dB noise factor for the GSM handset. These numbers should be considered as conservative. For a background noise level of -174dBmW/Hz, the GSM receiver filter bandwidth of 180 kHz (not to be confused with the nominal channel spacing) results in a noise bandwidth of 52.6 dB/Hz. Therefore, the noise level at the output of the receiver filter computes to -116.4dBm for the BTS, and -112.4dBm for the handset. The link budget is assumed using R99 features, i.e. no feature like EGPRS-2 wider pulse shapes which would affect the noise bandwidth and SNR that can be collected in-channel is taken into account.
In the DL, we assume a 3dB body loss with voice (handset position), while for data reception no body loss is assumed.

Single Rx is assumed for the DL in the GSM handset. In the UL, only 2 Rx antennas are assumed at the BTS site. Given that an UL noise limited scenario is assumed, the UL link budgets include MRC combining gains in the order to up to 5dB for the lower EGPRS MCS’s. Note that for an UL interference limited scenario, IRC would typically result in dramatic gains beyond those achievable with MRC. For simplicity and given that we assumed large macro or suburban cells with frequency-hopping configured, we discount for any additional benefits from employing other network-side techniques like for example antenna switching/hopping.
Again, we consider these numbers to be considered to be conservative. GSM/(E)GPRS performance may be expected to be better in practice.
	
	Voice

NB-AMR
12. 2 kbps
	Voice

NB-AMR
7.4 kbps
	Voice

EFR
	EGPRS data

~20 kbps
(2 TSL)
	EGPRS data

~40 kbps
(2 TSL)
	GPRS data

~10 kbps
(1 TSL)

	Transmitter
	
	
	
	
	
	

	Tx power [dBm]
	45
	45
	45
	43
	43
	45

	Tx antenna gain [dB]
	15
	15
	15
	15
	15
	15

	Cable, connector, combiner, etc. [dB]
	4
	4
	4
	4
	4
	4

	Receiver
	
	
	
	
	
	

	Rx antenna gain [dB]
	0
	0
	0
	0
	0
	0

	Rx processing gains [dB]
	0
	0
	0
	0
	0
	0

	Body losses, etc. [dB]
	3
	3
	3
	0
	0
	0

	Operating SINR requirement [dB]
	8
	5
	8.5
	7
	11
	8.5

	Receiver sensitivity [dBm]
	-104.4
	-107.4
	-103.9
	-105.4
	-101.4
	-103.9

	Maximum allowable path-loss [dB]
	157.4
	160.4
	156.9
	159.4
	155.4
	159.9


Table 1: DL link budgets for GSM/(E)GPRS services
	
	Voice

NB-AMR
12. 2 kbps
	Voice

NB-AMR
7.4 kbps
	Voice

EFR
	EGPRS data

~10 kbps
(1 TSL)
	EGPRS data

~20 kbps
(2 TSL)
	GPRS data

~10 kbps
(1 TSL)

	Transmitter
	
	
	
	
	
	

	Tx power [dBm]
	30
	30
	30
	26.5
	26.5
	30

	Tx antenna gain [dB]
	0
	0
	0
	0
	0
	0

	Body losses, etc. [dB]
	0
	0
	0
	0
	0
	0

	Receiver
	
	
	
	
	
	

	Rx antenna gain [dB]
	15
	15
	15
	15
	15
	15

	Rx processing gains [dB]
	5
	5
	5
	5
	5
	5

	Cable, connector, combiner, etc. [dB]
	3
	3
	3
	3
	3
	3

	Operating SINR requirement [dB]
	8
	5
	8.5
	7
	11
	8.5

	Receiver sensitivity [dBm]
	-108.4
	-111.4
	-107.9
	-109.4
	-105.4
	-107.9

	Maximum allowable path-loss [dB]
	155.4
	158.4
	154.9
	152.9
	148.9
	154.9


Table 2: UL link budgets for GSM/(E)GPRS services
3
Conclusions and Recommendations

In this contribution, we presented DL and UL reference link budgets for voice and MTC (E)GPRS low data-rate services. We propose to capture these GSM/(E)GRPS DL and UL link budgets summarized in Tables 1 and 2 in TR36.888 together with the accompanying assumptions.
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