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1. Introduction
In RAN1#79, the following agreements have been made regarding PRACH and PBCH: 
Agreements:
· Agree that PBCH related agreements in Rel-12 captured in the background in R1-145400 are applied for Rel-13 low-complexity UEs and coverage enhancement UEs

· Working assumption: Legacy PBCH is utilized by Rel-13 low complexity UEs and coverage enhancement UEs in both normal and enhanced coverage

· Note: FFS: utilize spare bits in MIB
Agreements:
· RAN1 confirms that following PRACH related agreements in Rel-12 LC-MTC are applied for Rel-13 low-complexity UE

· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported

· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network

· Multiple PRACH repetition levels are supported

· Repeating the existing preamble formats for PRACH enhancement 

· In addition, define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.

· Within new region, at least CDM is allowed.

· Specified maximum numbers of levels: Working assumption of 3 (this does not include “zero coverage extension”). More evidence needed if we were to extend this. 

· eNB-configurable number of levels (1, 2, 3) up to specified max level.

· 1 attempt = configured number of repetitions.

In this contribution, we provide our view on the PBCH and RACH channel design.  

2. PBCH Coverage Enhancements
In this contribution, we consider the other physical channels and signals for MTC, in particular, we discuss PBCH channel for MTC. 
One of the main design challenges for coverage enhancements is how to tradeoff between system overhead vs. link budget enhancements for broadcast channels. It has been agreed in Rel 12 WI phase that there is no need to introduce any change to PSS/SSS, and UE can rely on longer correlation time to acquire PCI from PSS/SSS. In this section, we analyze PBCH performance with different degrees of bundling in time. 

One example of PBCH repetition is shown in Figure 1, where PBCH is repeated in the same SF0 by using the other symbols: 


[image: image4.png]Miss Detection Probability

10

S,





Figure 1 PBCH with Repetition in SF0
Anther example of PBCH repetition is shown in Figure 2, where PBCH is repeated in SF0, SF1, SF5 and SF6. 
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Figure 2: PBCH Repetition in SF0, SF1, SF5, SF6
In Table 1 below we present the required decoding time for different repetition levels targeting a decoding probability of 95% for different SNR values. In particular we simulate repetition on SF0 ,{SF0, SF5},{SF0, SF1, SF5} and { SF0, SF1, SF5, SF6}, as described in Figure 2. In our simulation setup we assume an MTC UE equipped with 1 antenna that receives PBCH from 2 Tx antennas at eNB. The simulated channel is EPA with 1Hz Doppler shift. As we can see increasing the number of repetitions decreases the amount of time that MTC UE has to wait until he is able to decode correctly PBCH. For example at -15dB SNR repeating in 3 SFs allows us to reduce the decoding time from more than 5.5s, for the Legacy PBCH, to 0.24s. In the described table 0s as decoding time means that the UE is able to decode the PBCH immediately in the first window of 40ms. 

Table 1: PBCH Decoding Time at 95% Decoding Probability
	EPA
	Legacy PBCH
	Rep:

SF0
	Rep:

SF0,5
	Rep:

SF0,1,5
	Rep:

SF0,1,5,6
	MCL

	SNR

[dB]
	Time

[ms]
	Time

[ms]
	Time

[ms]
	Time

[ms]
	Time

[ms]
	[dB]

	-15
	5598
	889
	373
	243
	166
	156.5

	-14
	2591
	564
	250
	121
	48
	155.5

	-13
	1242
	330
	162
	48
	16
	154.5

	-12
	820
	200
	61
	18
	0
	153.5

	-11
	514
	126
	26
	0
	0
	152.5

	-10
	332
	36
	0
	0
	0
	151.5

	-9
	250
	15
	0
	0
	0
	150.5

	-8
	132
	0
	0
	0
	0
	149.5


In Table 2, we present associated overhead for PBCH repetition. 
Table 2 PBCH Overhead

	PBCH Overhead
	20 MHz
	10 MHz
	5 MHz
	1.4 MHz

	Legacy PBCH
	0.17%
	0.34%
	0.69%
	2.86%

	PBCH repeat in SF0
	0.34%
	0.69%
	1.37%
	5.71%

	PBCH repeat in SF0+SF5
	0.69%
	1.37%
	5.71%
	11.42%

	PBCH repeat in SF0+SF1+SF5
	1.03%
	2.06%
	7.08%
	17.14%

	PBCH repeat in SF0+SF1+SF5+SF6
	1.37%
	2.75%
	9.17%
	22.85%


While it is desirable to repeat PBCH in subframes to reduce cell acquisition time, there are a few design issues:

1. How to handle MBSFN subframes?

2. How to handle different TDD configurations?

In both cases, there will need to be some limitation in the subframes where PBCH can be repeated. 

3. RACH Coverage Enhancements
For MTC RACH, we propose to use the PRACH-based design. 

Current PRACH is already a narrowband signal that can be directly used in MTC. For coverage enhancement, the transmission of PRACH is repeated across multiple subframes (e.g., 64 subframes) by a UE. An eNodeB combines multiple subframes for extended detection range. To further extend the coverage, frequency hopping is used to improve the frequency diversity, in which the transmissions are repeated on different ends of the system band.
In the simulation, 64 RACH transmissions are bundled into two groups and are transmitted at the two edges of the 10 MHz band. It can be seen that a frequency diversity gain of more than 2 dB is obtained. Table 1 lists the link budget.
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Figure 3. Link Performance of PRACH

Table 3. Link Budget with 64 Bundles

	Tx Power
	System Bandwidth
	Thermal Density
	Noise Figure
	Occupied Bandwidth
	Rx SNR
	Receiver Sensitivity
	MCL

	20 dBm
	50 RBs
	-174 dBm/Hz
	5 dB
	6 RB
	-26 dB
	-135 dBm
	155 dB


4. Summary
In this contribution we presented our views on the PBCH design. We make the following proposals:

Proposal 1:


Support PBCH repetition for coverage enhancements. 
Proposal 2:


The PBCH repetition can be limited to 2-4 subframes per radio frame. The exact repetition length is FFS. 

Proposal 3: 


FFS how to handle MBSFN subframes and different TDD configurations.  

Proposal 4: 
Support bundled RACH with frequency hopping for extended coverage. 
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