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1
Introduction
Rel-13 low-cost MTC UE will support only 1.4MHz RF BW and have only 1 Rx antenna. This will degrade downlink performance due to lack of receiver combining gain and receiver diversity. As a result, the number of bits that can be reliably transmitted on the SIB/RAR/Paging messages will be reduced. In this contribution, we provide some representative performance results based on the simulation assumptions in [1]. Performance results are provided for the LC-MTC UE as well as for the reference UE with 2 Rx antennas. 
2
SIB Performance
As in on the link budget analysis in [2], the cell edge DL SINR can be assumed to be approximately -4dB. For SIB, transmission, 1% BLER is used as the target error performance. Figure 2 - Figure 4 illustrate the link-level performance of the SIB for a 10MHz FDD system. The PDSCH is transmitted using localized transmission with 6 PRBs. Multi-subframe channel estimation (filter length of 3 subframes) is used. Based on these set of results, it can be estimated that for LC-MTC UE with 1 Rx antenna, the PDSCH capacity for SIB transmission is approximately 2-3 bits per PRB for EPA1 channel. If 10% BLER is targeted, then the PDSCH capacity is approximately 10 bits per PRB. For the ETU1 channel, the capacity is approximately 4-5 bits per PRB at 1% BLER and 11-13 bits per PRB at 10% BLER. Additional performance results can also be found in [3].
Table 1 summarizes the estimated number of transmissions (i.e. subframes) required for SIBs of three different sizes up to 1000 bits. Note that each transmission uses 6 PRBs. At the 1% BLER, large number of subframes is required. For example, 20 transmissions are required for a SIB of size 328 bits under EPA1 channel. For the ETU1 channel which provides some frequency diversity within the 6 PRBs, the number of required transmissions is reduced to 10. If higher BLER can be used, then the number of required transmissions reduces significantly. 

Table 1. Number of transmissions (subframes) required – 6 PRBs, 1Rx antenna, SNR = -4dB.
	SIB size 

(bits)
	EPA1
	ETU1

	
	1% BLER
	10% BLER
	1% BLER
	10% BLER

	328 
	20
	6
	10
	4

	504
	40
	12
	20
	8

	1000
	80
	24
	40
	16


The results from Table 1 show that PDSCH capacity is low at the cell edge. It is therefore beneficial to try to minimize the information content of the SIB as much as possible. Even for SIB size of 328 bits, large number of transmissions (repetitions) is required. 

Table 2 shows the performance for a reference UE with 2 Rx antennas. It is seen that performance is significantly better due to gain from receiver combining and receiver diversity. For SIB of size 328 bits under EPA1 channel, only 4 transmissions are needed compared to 20 with 1 Rx. For the ETU1 channel, 2 transmissions are needed. Based on these results, it is seen that LC-MTC UE with 1 Rx antenna will require substantially more resources for SIB transmission.
Table 2. Number of transmissions (subframes) required – 6 PRBs, 2Rx antennas, SNR = -4dB.
	SIB size 

(bits)
	EPA1
	ETU1

	
	1% BLER
	10% BLER
	1% BLER
	10% BLER

	328 
	4
	3
	2
	1

	504
	8
	4
	3
	2

	1000
	16
	8
	6
	4


3
RAR and Paging
Figure 1 shows the MAC PDU containing RAR message. Each response contains a MAC RAR is of size 48 bits and MAC subheader of size 8 bits. In addition, there is an E/T/R/R/BI MAC subheader of size 8 bits in each MAC PDU. Results from Figure 2 - Figure 4 can be used to estimate RAR capacity. For example, TBS of size 328 bits corresponds to approximately 6 RAR messages, while TBS of 504 bits corresponds to approximately 9 RAR messages. In addition, Figure 5 - Figure 6 illustrate the performance with 1 and 4 RAR messages.
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Figure 1. MAC PDU for RAR (36.321).
Table 3 shows the estimated RAR capacity (i.e. number of RAR record that can be transmitted) at target 1% BLER. For the EPA1 channel, it would take approximately 4 subframes to transmit this message assuming all 6 RBs are utilized for RAR transmission. In practice, this may not be feasible as some RBs may be needed for the EPDCCH. For ETU1 channel, it would take approximately 2 subframes to transmit 1 RAR record. Thus, at the target BLER of 1% and SNR of -4dB, TTI bundling would be needed to transmit a very limited number of RAR record in the MAC message. If a target of 10% BLER is used, then the RAR record/paging record can be transmitted within one subframe for the ETU1 channel. 
Table 3. Estimated RAR capacity at SNR=-4dB, 1% BLER.
	Channel
	No of UE Rx antenna
	No of subframes (6 PRBs per subframe)

	
	
	1
	2
	3
	4

	EPA1
	1
	-
	-
	-
	1

	
	2
	1
	2
	3
	4

	ETU1
	1
	-
	1
	1
	2

	
	2
	2
	5
	8
	11


Note that most UEs will have much better SNR than -4dB and therefore will also have significantly lower BLER. So, if a target of 10% BLER is used instead, then significantly more RAR record/paging record can be transmitted as shown in Table 4. 
Table 4. Estimated RAR capacity at SNR=-4dB, 10% BLER.
	Channel
	No of UE Rx antenna
	No of subframes (6 PRBs per subframe)

	
	
	1
	2
	3
	4

	EPA1
	1
	-
	1
	2
	3

	
	2
	1
	3
	5
	7

	ETU1
	1
	1
	2
	4
	5

	
	2
	4
	9
	13
	17


A paging message contains a list of paging records, system information modification indication, and ETWS indication. Each paging record contains the UE identity (either IMSI or S-TMSI) and the CN domain. If the S-TMSI is used, each paging record comprises 41 bits. If IMSI is used, each paging record comprises maximum of 72 bits. Thus, each paging record is of similar size to a RAR record so therefore the capacity estimates for paging are similar to that of the RAR shown in Table 3-Table 4.

5
Conclusion
In this contribution, we provide performance results for SIB/RAR/Paging for the narrowband system. For the SIB, it is seen that multiple transmissions within the scheduling window will be required to reach cell-edge UEs. LC-MTC UE with 1 Rx antenna will require substantially more resources for SIB transmission than a reference UE with 2 Rx antennas. For RAR and paging, it is seen that the number RAR record/paging record in the MAC/RRC message that can be transmitted is very limited. In some cases, TTI bundling or repetition may be required. 
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Figure 2. PDSCH performance – TBS=328bits.
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Figure 3. PDSCH performance – TBS=504bits.
	[image: image6.emf]-10 -5 0 5 10 15

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

PDSCH - 10MHz, 2Tx-1Rx, 6 PRBs, TBS=1000bits

 

 

1 Tx

80 Tx

EPA1

ETU1


(a) 2Tx-1Rx
	[image: image7.emf]-10 -8 -6 -4 -2 0 2 4 6 8

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

PDSCH - 10MHz, 2Tx-1Rx, 6 PRBs, TBS=1000bits

 

 

1 Tx

20 Tx

EPA1

ETU1


(b) 2Tx-2Rx


Figure 4. PDSCH performance – TBS=1000bits.
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Figure 5. PDSCH performance for 1 RAR message – 6 PRBs.
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Figure 6. PDSCH performance for 4 RAR messages – 6 PRBs.
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