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1 Introduction
It was agreed in RAN1#72b that TPs for common channels should include any observable diminishing returns [1].
Agreements:
· The section 9.5 TPs addressing the common channels should include text on any observable diminishing returns for a technique

· Example: ~200 repetitions are required for 20dB, but ~50 repetitions are required for 17dB

· The RAN1#73 SI conclusion can capture diminishing returns with increase in resource utilization for coverage improvement
One example of the observable diminishing returns for PBCH was captured in the text proposal for coverage improvement for MTC [2] approved by email discussion. 
This contribution provides a text proposal to complement more observable diminishing returns for PBCH, according to the available contributions on it in this meeting. 
2 Text proposal 
Text Proposal for sub-clause 9.5.2.1 in TR 36.888 [3]
---------------------------------------------Start text proposal----------------------------------------------------------

9.5.2
  PBCH

9.5.2.1 
Coverage enhancement
The coverage target 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 target 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 coverage target.

–
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)
Further study could determine if there is a benefit of using UE implementation-based solutions such as decoding techniques. 

The coverage target for PBCH according to sub-clause 9.2 of this TR is 11.7 dB for FDD and 17.7 dB for TDD. Observable diminishing returns are summarized in Table 9.5.2.1-1 with realistic channel estimation


.
Table 9.5.2.1-1: Observable diminishing returns for PBCH
	Source 1*
(Huawei, HiSilicon)
	Source 2**
(Media Tek)
	Source 3***
(Sony)
	Source 4**

(NSN, Nokia)
	Source 5**
(ZTE)

	With 4dB PSD boosting (both CRS and PBCH):
· 40 transmissions  / 12 dB

· 20 transmissions  / 10 dB

· 8 transmissions /  6.5 dB 
Without PSD boosting:

· 110 transmissions / 11.7 dB 

· 47 transmissions / 8.7 dB 

· 24 transmissions / 6.7 dB 

· 11 transmissions / 3.7 dB 
	Without PSD boosting:

· 80 repetitions / 11.8 dB

· 40 repetitions / 10.1 dB
· 20 repetitions/ 7.8 dB

	PSD boosting (only PBCH):
· 6 PRBs / 1.9 dB

· 18 PRBs / 3.3 dB

· 42 PRBs / 4.7 dB
	With 3dB CRS boosting:

· 40 repetitions / 11.7 dB

· 11 repetitions / 6.7 dB


	With 3dB PSD boosting (both CRS and PBCH): 
· 10 repetitions / 11.1 dB

· 5 repetitions / 8.5 dB

· 2 repetitions / 5.7 dB


Note： 

*: The pair X  / Y indicates the number X of transmissions of a single subframe of the current PBCH and the achieved gain Y relative to the current PBCH (4 subframes).
**: The pair X  / Y indicates the number X of repetitions of four subframes of the current PBCH and the achieved gain Y relative to the current PBCH. 

***: The pair X  / Y indicates the number X of PRBs ( other than the central  6 PRBs) that need to be unloaded and the achieved gain Y relative to an unboosted PBCH. The channel estimation is based on unboosted CRS. 
---------------------------------------------------End text proposal-----------------------------------------------------
References

[1] R1-131770, “Summary of Low-cost MTC LTE UE Session,” Ad-hoc chairman (NTT DOCOMO), RAN1#72b, Chicago, USA, Apr. 15-19, 2013.
[2] R1-131819, “Text proposal for coverage improvement for MTC,” Huawei, HiSilicon, RAN1#72b, Chicago, USA, Apr. 15-19, 2013.
[3] R1-132587, 3GPP TR 36.888, “Study on provision of low-cost MTC UEs based on LTE”, V2.0.3 (2013-05).
