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1
Introduction
For MTC, 20dB link budget improvement is required to provide coverage for the meters deployed in the basement. Some of the meters have power supply, while others such as gas meters are operated on battery. One obvious way to increase coverage is to extend the transmission time, e.g. bundling by ~100 times for data channels, but such extended bundling has large impact on system efficiency and power consumption [1]. For broadcast channels such as PBCH and SIB, there is even more design challenge, since these channels have to target the worst users in the system and have to be transmitted regularly to allow reasonable access time. 

In this contribution, we discuss design considerations for PBCH coverage enhancements. 
2
PBCH Coverage Improvement 
2.1
Background and Requirements
For regular UEs, PBCH conveys system bandwidth, PHICH duration, SFN, number of Tx antenna, etc. And it is transmitted on every radio frame. The content of PBCH changes every 40 ms with the update of SFN. The PBCH coverage targets the worst users in the cell. 

Based on the evaluation from the MTC SI, the following requirements are needed for MTC coverage enhancements:

	Physical channel name
	PUCCH
(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	(9) MCL 
         = (1) ( (8) (dB)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	Additional enhancements (dB)
	13
	18
	19
	15
	11
	11
	14


Note that for single receive antenna, the required link budget improvement can be even higher than 11 dB. Obviously a straight repetition of PBCH will incur too much overhead, since the 10 fold repetition would be needed within each PBCH update. Similarly, simple power boosting of the PBCH channel will incur similar large overhead. 

The design for PBCH as well as other broadcast signals/channels relies on the following tradeoffs:

1.  Initial access delay: transmit PBCH/SIB less frequently will lead to large initial delay. So far, the bundling or power boosting solutions have relied on the assumption that all MTC traffic can wait until quite time, where system overhead is not an issue. If this is not the case, then broadcast channel overhead will occur throughout the day depending on the requirement on the access delay. 

2.  Power consumption: if bundled/power boosted PBCH/SIB transmissions are only transmitted at quite time, then the MTC devices that are installed or powered up during the day may take hours to find the cell. The power consumption will need to be considered. 

Observation:

It is important to confirm the requirements for the allowed initial acquisition delay and power consumption for the broadcast channel design. 

2.2.
Design Options
Provided that initial access delay and power consumptions are not an issue, here are some of the design options. 
To reduce the overhead and meet the coverage enhancements, we can introduce MTC subframes where PBCH coverage is enhanced. This concept is shown in Figure 1, where in most of the subframes, regular PBCH is transmitted, but in some MTC subframes, PBCH with enhanced coverage is transmitted. Note that how sparse the transmission of the MTC subframes depends on the MTC request. 
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Figure 1 Sparse Transmission of Enhanced MTC_PBCH
For the coverage enhancements of PBCH, there are several options:
1. Introduce new bundled MTC_PBCH: 

a. This requires new design for PBCH with payload optimization as well transmission formats. One possible design is to introduce a PBCH transmission that spans the entire subframe instead of just four symbols. 

b. The specification impact needs to be taken into account

2. Power boosting existing PBCH:


a. Instead of introducing a new MTC_PBCH, one can simply power boost the legacy PBCH within the MTC subframes.

b. There is no specification impact. However, the extent of power boosting requires RAN4 clarification. 

3. Introducing repeated PBCH within the same subframe:

a. Instead of introducing a new PBCH format, we can simply repeat the same PBCH transmission within the same subframe where legacy PBCH is transmitted. This concept is shown in Figure 2.
b. The impact on the specification is minimal since the same PBCH is repeated. 

c. The link budget gain is ~3 dB from repetition in addition to the resource saving of re-using the legacy PBCH as well

d. It can be combined with power boosting and further repetition. 
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Figure 2 Repeated PBCH Structure for MTC
Proposals:
1. Repeated PBCH within the same subframe as legacy PBCH combined with power boosting is a possible solution for PBCH coverage enhancements with minimum specification impact and additional overhead. 

2. Such coverage enhancements should be restricted to only MTC subframes, with the periodicity dependent on MTC requirements.
3. Specification and power consumption impacts need to be carefully evaluated when considering any coverage enhancements for broadcast channels. 
3
Conclusion

In this contribution, we presented the different options for PBCH design for MTC coverage enhancements. 
Observation:

· It is important to confirm the requirements for the allowed initial acquisition delay and power consumption for the broadcast channel design.
Proposals:

· Repeated PBCH within the same subframe as legacy PBCH combined with power boosting is a possible solution for PBCH coverage enhancements with minimum specification impact and additional overhead. 

· Such coverage enhancements should be restricted to only MTC subframes, with the periodicity dependent on MTC requirements. 

· Overhead, specification impact and power consumption need to be carefully evaluated when considering any coverage enhancements for broadcast channels. 
4
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Legacy DM-RS pattern
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Baseline DM-RS pattern
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								i) converging no freq based CDM

								goals

								i) colliding DM-RS among NCTs (one channel estimation to handle colliding DM-RS. IC is internal argument)

								ii) timeline improvement (early decoding, relay backhaul, etc.)				 



								Key thing: subframe dependnet DM-RS (combinations of legacy, baseline, a new DM-RS pattern, etc.)

								Not to submit new DM-RS pattern, but to simulate both legacy, baseline, and a new DM-RS pattern - 3 & 4 in slot 0 and 4&5 for slot 1

								PRB bundling based DM-RS pattern optimization? (PRB bundling dependent DM-RS pattern, or bandwidth dependent DM-RS patterns)

								should we still have colliding DM-RS?

								Possible pattersn

										i) baseline for all FDD subframes; baseline for all TDD subframes except subframes 1 and 6; for 1 and 6 which are special subframes and/or containing PSS in subframe 6, shift the pattern to the right by one symbol (i.e., symbols 3&4)

												(CSI-RS in non-CRS subframes using CRS symbols, e.g., 0&1 in slot 0; in CRS subframes, no additional CSI-RS other than the ones currently supported; one could expand the CSI-RS in current DM-RS symbols symbols 
Better if CSI-RS is supported in the new DM-RS symbols, and then expand CSI-RS patterns in one of the existing two-pair DM-RS symbols, to still have a reuse factor of 5; for s.f. 1 and 6 in TDD, considering not support CSI-RS if a different DM-RS pattern is used.

										ii) using 3&4 for slot 0 and 4&5 slot 1 for subframes other than 0 and 5; for subframes 0 & 5, using baseline



All CSI-RS patterns of 4-port or higher in this two symbols can't be supported

Possible DM-RS pattern if bundling is taken into account
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Another DM-RS pattern
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Subframe-Dependent Pattern1
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Subframe-dependent Pattern 2
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CSI-RS handling

				0		1		2		3		4		5		6		0		1		2		3		4		5		6

				CRS								CRS						CRS				LCT CSI-RS Patterns 2
across all tones				CRS



														R15/R16		R15/R16												R15/R16		R15/R16

														R19/R20		R19/R20												R19/R20		R19/R20









														R17/R18		R17/R18												R15/R16		R15/R16

														R21/R22		R21/R22												R19/R20		R19/R20







				0		1		2		3		4		5		6		0		1		2		3		4		5		6

				CRS								CRS		NCT CSI-RS Patterns 2
Across all tones				CRS								CRS		NCT CSI-RS Patterns 2
across all tones



								R15/R16		R15/R16												R15/R16		R15/R16

								R19/R20		R19/R20												R19/R20		R19/R20









								R17/R18		R17/R18												R17/R18		R17/R18

								R21/R22		R21/R22												R21/R22		R21/R22







Reuse the LCT pattern 1 as in the legacy DM-RS case, but shifted into different symbols: e.g. from symbols 5/6 to symbols 2/3

NCT DMRS pattern

LCT DMRS pattern

LCT CSI-RS Pattern 1 to accommodate old DMRS

Reuse the pattern 2  for CSI-RS Patterns
at least for some subframes




