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1. Introduction
In the WID [1], for FDD 15dB coverage improvement target is set, for new UE category/type (Single receive antenna, reduced bandwidth and limited TBS) and other UEs operating delay tolerant MTC applications, with respect to their respective nominal coverage. 
This paper discusses the gap of PBCH to the coverage improvement target in WID [1] for FDD and TDD and also the gap under single Rx. Simulation results of PBCH with repetition are provided in the paper with some observations.  
2. Discussion on Target for PBCH

To meet the target of 15dB coverage improvement, PBCH with two receive antenna needs to be improved 6.7 dB for FDD. Considering the reduced data channel bandwidth and single antenna for the new MTC UE category, the coverage of downlink channel is expected to be impacted (~ 4dB with Peak Rate reduction (TBS) + DL-3/UL-2 BW Reduction + Single receive RF [2]) but the coverage of uplink channel is not expected to be changed. For FDD, the weakest channel is PUSCH and other DL channels have at least 4.7dB gain over PUSCH as shown in Table 1. Therefore, coverage for FDD should still be limited by PUSCH. That is, the absolute MCL required to meet the target of 15dB coverage improvement is the same for the new UE category/type and other UE categories. From the simulation results (Figure 2 and Figure 4 in the appendix), there is about 4 dB loss with single Rx compared with two Rx. As a result, for the new UE category/type with single Rx, PBCH needs to be improved by 10.7dB for FDD.

Proposal #1: PBCH needs to be improved by 6.7dB with two Rx and 10.7dB with single Rx for FDD.
For TDD, the MCLs of PBCH, SCH and PDCCH(1A) are similar as MCL value with FDD. This is because the maximum transmission power of the eNB is the same. For PDSCH, TDD may have some beamforming gain with 8Rx, hence PDSCH in TDD exhibits about 2.7dB gain over PDSCH in FDD. However, for uplink channel, TDD has 8 Rx but FDD only has 2 Rx. Different number of receive antenna results in different MCLs than for FDD (i.e., 2.2dB for PUCCH(1A), 5dB for PRACH and 6.7dB for PUSCH). If the target is to improve 15dB from the weakest channel of FDD and TDD respectively, the MCL target with 15dB improvement will be 161.7dB (i.e., the weakest channel for TDD is PRACH with MCL=146.7dB). In this case, the performance gap of PBCH in TDD is 12.7dB.  However, if the target of TDD is providing the same coverage of FDD with 15dB coverage improvement or based on the same Rx antenna number at eNBs (i.e., sharing the same absolute MCL target = 155.7dB), the coverage gap for TDD is also 6.7 dB (target to improve 15dB to the weakest channel of FDD and TDD, i.e., PUSCH with MCL = 140.7 for FDD). 
For TDD with single Rx MTC device, the coverage improvement target depends on how to set the baseline target for MTC device with two Rx. With single Rx, the weakest channel for TDD may no longer be PRACH but a downlink channel. Further evaluation and discussion is needed to help to set the target for TDD with single Rx in UE side.
Proposal #2: The coverage improvement target of TDD should be clarified. 
Table 1 Summary of MCL and gap to improve for each channel (Ref: TR36.888 Table 9.2.1-1)

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

	MCL (FDD)
	147.2
8.5 dB
	141.7
14dB
	140.7
15dB
	145.4
10.3dB
	149.0
6.7dB
	149.3
	146.1
9.6dB

	MCL (TDD)
	149.4
12.3dB
	146.7
15dB
	147.4
14.7dB
	148.1
13.6dB
	149.0
12.7dB
	149.3
	146.9
14.6dB

	Note1: eNB is assumed with 2 Tx and 2 Rx in FDD systems.
Note2: eNB is assumed with 8 Tx and 8 Rx in TDD systems.

Note 3: PHICH is neglected and the function of PHICH can be implemented by PDCCH in case of cell edge.


3. Evaluation on Repetition of PBCH
In TR 36.888 [2], repetition and PSD boosting of current PBCH or a new PBCH design with repetition and/or PSD boosting had been identified as two candidate solutions which can provide up to 20dB coverage improvement. 
Simulation results for PBCH with repetitions have been summarized in Table 2 with the simulation assumptions in Table 3 in appendix. To bridge 6.7dB gap for 2 Rx, around 10 repetitions of the current 4-subframe/segment PBCH are adequate (including the current PBCH). For single Rx, 20 repetitions of four subframes of current PBCH can provide about 8.5dB gain, which still have 2.2dB gap to 10.7dB coverage improvement target. In order to keep the current PBCH content, additional 2.2dB gain needs to be provided by other coverage improvement techniques such as PSD boosting or other complementary techniques for single Rx.
Observation #1: Around 10 repetitions can bridge the 6.7dB gap for FDD with 2 Rx. With single Rx 20 repetitions can provide about 8.5dB gain with an additional 2.2dB gap needs to be provided by other coverage improvement techniques.  
Table 3 illustrates the Uplink-downlink configurations for TDD. TDD has fewer resources for PBCH repetition. MTC device does not know the uplink-downlink configurations before decoding PBCH. Therefore, UE may only assume PBCH is transmitted in subframe #0 and #5. Around 4 repetitions can be transmitted in these two subframes and only CRS in subframe #0 or # 5 and the CRS in the first two OFDM symbols in special subframe # 1 or #6 can be used. Simulation result in figure 3 shows that 3.5dB gain can be provided by 4 repetitions with 1 subframe channel estimation.
If not all uplink-downlink configurations need to be supported, more resources can be used for PBCH repetitions. For example, without supporting configuration 0, subframe #9 can be used for PBCH repetition. More CRS can be used in the adjacent subframe #0 and 9 to further improve the performance. Simulation result shows that 6 repetitions in subframe #0, 5, 9 can provide 4.5dB or 5.2dB gain with 1 or 2 subframe channel estimation. 
No matter if the gap for PBCH in TDD is 6.7dB or 12.7dB, other coverage improvement techniques than repetition are needed for TDD due to the limited DL subframes. Further evaluation is needed to verify the performance of other coverage improvement techniques for PBCH after defining the target of TDD. Even for new PBCH design with a longer period, reduced legacy MIB content and so on, it is still a challenge for TDD to find enough resources for PBCH transmission. 
Observation #2: For TDD, 4 repetitions of the current PBCH provide 3.5dB gain with 1 subframe channel estimation and 6 repetitions provide 4.5~5.2dB gain with 1 or 2 subframe channel estimation.

Proposal #3: For TDD, further evaluate and analyze other coverage improve techniques after considering the impact to legacy UE, such as PSD boosting or new PBCH design after defining the coverage improvement target.

Table 2 Simulation results for PBCH with different repetitions 

	Repetition
	FDD 

with 2 subframe CE and 2 Rx
	FDD 

with 2 subframe CE and 1 Rx
	TDD 

with 1 Subframe CE

	
	Required SNR

/double resource gain

/gain to no repetition
	Required SNR

/gain to no repetition 1Rx

/gain to no repetition 2Rx
	Required SNR 

/gain to no repetition

	1
	-6.4 dB

/ --

/ --
(1 subframe CE)
	-2.4dB
/--
/-4dB gain

(1 subframe CE)
	-6.4 dB

/ --

	2
	-8.6 dB

/2.2dB gain

/2.2dB gain
	-4.3dB
/1.9dB gain

/-2.1dB gain
	--

	4
	-10.5 dB

/1.9dB gain

/4.1 dB gain
	-6.6dB
/4.2dB gain

/0.2dB gain
	-9.9dB

/3.5dB gain



	5
	-11.2 dB

/--
/4.8dB gain
	-7.1dB
/4.7 dB gain

/0.7dB gain
	--

	6
	--
	--
	-10.9dB

/4.5dB gain
	-11.6 dB

/5.2dB gain

(2 subframe CE)

	10
	-12.9 dB

/1.7dB gain

/6.5dB gain
	-9.4dB
/7dB gain

/3dB gain
	--

	20
	-14.7 dB

/ 1.8dB gain

/8.3dB gain
	-10.9dB
/8.5dB gain

/4.5dB gain
	--


Table 3 Uplink-downlink configurations (TS 36.211)

	Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


4. Conclusion
In this paper, we discussed the coverage improvement target of PBCH for FDD and TDD with one and two Rx. Besides, simulation and discussion on repetition of PBCH are provided. 
We observed that: 

Observation #1: Around 10 repetitions can bridge the 6.7dB gap for FDD with 2 Rx. With single Rx 20 repetitions can provide about 8.5dB gain with an additional 2.2dB gap needs to be provided by other coverage improvement techniques.  

Observation #2: For TDD, 4 repetitions of the current PBCH provide 3.5dB gain with 1 subframe channel estimation and 6 repetitions provide 4.5~5.2dB gain with 1 or 2 subframe channel estimation.

We proposed that: 
Proposal #1: PBCH needs to be improved by 6.7dB with two Rx and 10.7dB with single Rx for FDD.
Proposal #2: The coverage improvement target of TDD should be clarified. 
Proposal #3: For TDD, further evaluate and analyze other coverage improve techniques after considering the impact to legacy UE, such as PSD boosting or new PBCH design after defining the coverage improvement target.
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Figure 1 Gain for PBCH with different repetitions (2 Subframe CE)
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Figure 2 PBCH performance with repetitions for FDD (2 subframe CE)
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Figure 3 PBCH performance with repetitions for TDD (1 subframe CE)
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Figure 4 PBCH performance with repetitions for FDD with single Rx (2 subframe CE)

Table 4 Simulation Assumption

	Parameter
	Value

	System bandwidth
	10 MHz

	Frame structure
	FDD / TDD

	Antenna configuration
	2x2 / 2x1

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency error
	100Hz

	Performance target
	1% BLER

	Payload
	24 bit

	Channel estimation
	1 Subframe or 2 Subframes


