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1
Introduction
In this contribution, we present our views on the coverage enhancements for PBCH. 
In RAN1#74bis, the following agreements have been reached:
Agreements:
· Repetition should be specified as a method to improve coverage.

· FFS between continuous repetition and intermittent repetition. 

· The number of repetitions required is FFS subject to the agreed gain provided by other implementation means 

· Study the performance of repetition including potential decoding techniques till RAN1#75 

· Each company specify the assumption used for UE decoding to exploit intermittent repetition or decoding techniques

· PBCHs are transmitted only in center 6PRBs

· PBCH repetition occurs within 40msec
· In deciding OFDM symbols and subframes for repeated PBCHs, the following should be considered.
· More than 4 OFDM symbols at a subframe can be used for PBCH transmission

· Legacy PBCH is utilized by coverage enhancement (CE) UE (Working assumption)

· If the benefit with new PBCH is significant enough, it can be considered until RAN1 #75 meeting
· FFS: non-MBSFN configurable subframes should be used first. If needed, consider using MBSFN-configurable subframes

· FFS which TDD DL/UL configurations will be supported
· Supporting all TDD DL/UL configuration is considered
2

PBCH Channel Design
Based on simulation results during the SI phase of MTC WI, if we target 160 dB MCL, the following coverage enhancements are needed for each of the channels: 

	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


Based on further consideration of diminishing returns, the coverage enhancement target changed from 20 dB to 15 dB. So effectively, we need 6 dB coverage enhancements for PBCH. Of course, if we consider cost saving of having only one Rx antenna at the mobile, then we need to also compensate for the antenna combining loss. 
PBCH is transmitted in SF0 of each of the radio frame with MIB information such as PHICH size and duration, DL BW, and SFN. The following options can be considered for PBCH coverage enhancements:
· Implementation based solutions: the coverage enhancements can be achieved by simply extending the decoding attempts. Simulation results from [1], for example, have shown that PBCH can be decoded with reasonable amount of repeated trials to achieve the target coverage enhancements. 
· PSD boosting: current PBCH is transmitted in the center 6 RBs. If the bandwidth is larger than 1.4 MHz, PSD of PBCH can be boosted. It is one of the simplest solutions to provide coverage enhancements for PBCH with DL bandwidth larger than 1.4 MHz. 

· Repeating PBCH within 10 ms radio frame:
· Option 1: repetition within a subframes

· Option 2: repetition in different subframes

There are a few benefits of repeating PBCH within SF0:

· Note that PSS/SSS for MTC UEs are still in SF0 and SF5. Repeating PBCH within SF0 will have minimum impact on cell search procedure, inter-frequency measurements etc.
· In 1.4 MHz channel BW, SIB1 transmission in every other radio frame places some restriction on repeating PBCH in SF0. 
· PBCH decoding is done in the same subframe with repeated transmissions, so that implementation impact is minimized. 

· There is no impact on DM-RS based PDSCH and EPDCCH transmissions, since these transmissions are not supported in the center 6 RBs of SF0 due to collision between PSS/SSS/PBCH and DMRS. 

One example of such repetition scheme is shown in Figure 1:
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Figure 1. Repeated PBCH within SF0
Proposal 1: 
· Repeating PBCH within the same SF0 should be considered to minimize impact on specification and implementation. 
Proposal 2: 
· If further PBCH enhancement is desired, repetition in SF5 can be considered. 
Proposal 3: 
· Additional PBCH coverage enhancements can be achieved by receiver techniques. 

For repeated PBCH transmissions, two different approaches are discussed:
· Option 1: Transmit dense PBCH but only in intermittent bursts: the main goal is to reduce the total overhead when considering repeated PBCH transmissions. 

· Option 2: Transmit less dense PBCH but continuously. 

With consideration of the receiver based techniques and potential impact on regular UEs, we prefer the second option of transmit less dense PBCH but continuously. 

Proposal 4: 
· Transmission of repeated PBCH is continuous instead of intermittent. 

Finally, with the specification of the repeated PBCH transmission, there is need to indicate corresponding rate matching for the new PBCH transmissions. 

Proposal 5: 
· Details of rate matching around the repeated PBCH are FFS. 

3
Conclusion

In this contribution, we presented our view on the coverage enhancement for PBCH channel design.  

We make the following proposals:

Proposal 1: 
· Repeating PBCH within the same SF0 should be considered to minimize impact on specification and implementation. 
Proposal 2: 
· If further PBCH enhancement is desired, repetition in SF5 can be considered. 
Proposal 3: 
· Additional PBCH coverage enhancements can be achieved by receiver techniques. 

Proposal 4: 
· Transmission of repeated PBCH is continuous instead of intermittent. 

Proposal 5: 
· Details of rate matching around the repeated PBCH are FFS. 
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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



CRS REs based DM-RS

				For rank 1, 2, 3, and 4
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				For rank > 4
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Another DM-RS pattern

				For rank 1, 2, 3, and 4
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Subframe-Dependent Pattern1
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Subframe-dependent Pattern 2
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CSI-RS handling
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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




