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1. Discussions

Below we would like to provide text proposals for alternative PBCH decoding techniques and modifications on table 9.5-1.

2. Text proposal for TR 36.888

-----------------------------------------------1st Change------------------------------------------------------
9.4.1 TTI bundling/ HARQ retransmission/ Repetition/ Code spreading/ RLC segmentation/ Low rate coding/ Low modulation order/ New Decoding Techniques
More energy can be accumulated to improve coverage by prolonging transmission time. The existing TTI bundling and HARQ retransmission in data channel can be helpful. Note that since the current maximum number of UL HARQ retransmission is 28 and TTI bundling is up to 4 consecutive subframes, TTI bundling with larger TTI bundle size (such as extensively investigated in TR36.824) may be considered and the maximum number of HARQ retransmissions may be extended to achieve better performance. Other than TTI bundling and HARQ retransmission, repetition can be applied by repeating the same or different RV multiple times. In addition, code spreading in the time domain can also be considered to improve coverage. MTC traffic packets could be RLC segmented into smaller packets; very low rate coding, lower modulation order (BPSK) and shorter length CRC may also be used.  New decoding techniques (e.g. correlation or reduced search space decoding) can be used to improve coverage by taking into account the characteristics of the particular channels (e.g., channel periodicity, rate of parameter changes, channel structure, limited content, etc.) and the relaxed performance requirements (e.g. delay tolerance).
-----------------------------------------------2nd Change------------------------------------------------------
9.5
Analysis of Physical Channels and Signals
This section provides analysis of coverage improvement techniques for various physical channels.  List of possible link-level solutions for coverage enhancement of various physical channels are summarised in Table 9.5-1 

Table 9.5-1: Possible link-level solutions for coverage enhancement of physical channels and signals
	Channels/Signals
Solutions 
	PSS/SSS
	PBCH
	PRACH
	(E)PDCCH
	PDSCH/

PUSCH
	PUCCH
	

	PSD boosting
	x
	x
	x
	x
	x
	
	

	Relaxed requirement
	x
	
	x
	
	
	
	

	Design new channels/signals
	x
	x
	x
	x
	x
	
	

	Repetition
	
	x
	x
	x
	x
	x
	

	Low rate coding
	
	x
	
	x
	x
	x
	

	TTI bundling/Retransmission
	
	
	
	
	x
	
	

	Spreading
	
	x
	
	
	x
	
	

	
	
	
	
	
	
	
	

	RS power boosting /increased RS density
	
	x
	
	x
	x
	
	

	New decoding techniques
	
	x
	
	
	
	
	


-----------------------------------------------3rd Change------------------------------------------------------
9.5.2
PBCH
9.5.2.1 Coverage enhancement

The coverage requirement of PBCH may be addressed by

1) A combination of repetition of the current PBCH in subframe #0 of a radio frame onto every subframe of that radio frame  (i.e., a new PBCH structure) and PSD boosting (e.g., 4 dB) within 40 ms (for FDD systems)
· The repetition alone cannot meet the coverage requirement for the current PBCH where MIB changes every 40ms due to SFN update (e.g., as many as 36~95 repetitions of the current PBCH in a radio frame are needed).
2) A new PBCH design (for TDD and FDD systems)

· A new design can consider techniques such as: a longer period, reduced legacy MIB content, intermittent transmission. Repetitions and/or PSD boosting may be helpful for new design in order to meet the requirement.

· Also other system information that is required to be broadcasted to enhanced coverage MTC UEs beside MIB contents can be considered in the new PBCH design.

· Other low rate coding schemes or spreading can be considered for new design.

3) A complementary PBCH decoding technique (e.g., correlation decoder or reduced search space decoder)
The coverage requirement for PBCH according to Sec 9.2 is 11.7 dB for FDD and 17.7dB for TDD. [Observable diminishing returns include, as an example, with realistic channel estimation and 4 dB PSD boosting: 

· 40 transmissions of legacy PBCH within 40 ms provide 12 dB enhancement, 

· 20 transmissions provide 10 dB enhancement, and 

· 8 transmissions provide 6.5 dB enhancement.] 
9.5.2.2 Impact on specification

For repetition of the current PBCH in a new structure or a new PBCH design, the resources for mapping repetitions are required to be specified. It may impact the resource mapping of other channels (e.g., EPDCCH/PDSCH) when they also map to the center 6 PRBs
For a new design, depending on the considered techniques, specification impact may include the length of a longer period, the content conveyed in the new broadcast channel design, parameters used for intermittent transmission (e.g., duration and gap of transmission intervals), and spreading or other low rate coding schemes. 

Further study could determine if there is impact on specifications of using UE implementation-based solutions such as decoding techniques.
9.5.2.3 Other impacts

Power consumption will be increased and cell spectral efficiency will be decreased due to additional resources required to transmit the PBCH. To meet the coverage requirement in Sec 9.2, repetition of the current PBCH in a new mapping structure (or even in certain new PBCH designs) could consume substantial resources in the center 6 PRBs (e.g., an increase from one subframe per radio frame to all the 10 subframes in the radio frame, and with additional 4dB boosting). PSD boosting by unloading other PRBs may degrade cell spectral efficiency. Note that spectral efficiency is defined based on full cell loading. Lightly-loaded network, where spectral efficiency may not be the main concern, may have spare resource to accommodate the large PBCH overhead.
The general techniques of repetition and PSD boosting are not expected to increase UE cost. Depending on the new PBCH design, there may be some additional UE cost. 

Further study could determine if there are impacts on power consumption, and UE cost of using UE implementation-based solutions such as decoding techniques. The current analysis shows that no cell spectral efficiency degradation is expected for UE implementation-based solutions (e.g., decoding techniques), but more study is required. 
-----------------------------------------------End text proposal-------------------------------------------------------
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