
3GPP TSG RAN WG1 Meeting #74bis

R1-134087
Guangzhou, China, 7th – 11th October 2013
Source:
CATT
Title:
PBCH coverage improvement for low-cost MTC UEs
Agenda Item:
7.2.2.2.1
Document for:
Discussion and Decision
1. Introduction
The new WI “low cost & enhanced coverage MTC UE for LTE” was approved in RAN#60 in [1] following the completion of the study item. The following technique (applicable for both FDD and TDD) should be specified to provide a relative LTE coverage improvement (corresponding to 15dB for FDD):
· Repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase.

In this contribution, we provide the evaluation results of PBCH repetition and/or PSD boosting for TDD, analyze the necessity of PSD boosting and extended PBCH TTI and discuss intermittent repetition of PBCH.
2. Evaluation results of PBCH repetition and/or PSD boosting for TDD

We evaluate the PBCH repetition and/or PSD boosting for TDD with the assumptions listed in Table 2 in Appendix. In the evaluation, it is assumed that PBCH is repeated on almost all the available REs in the center 6PRBs of subframe #0 and #5 not assigned to control channels, synchronization signals, and common reference signals. 
The performance of PBCH with different repetition times and/or PSD boosting is shown in Figure 1 and the coverage gains with different number of repetitions and PSD boosting are depicted in Figure 2. It is observed that 5 repetitions can bring about 5.4dB gains, and when the PSD boosting is applied to PBCH in combination, additional 1.9dB (i.e. 7.3dB in total) gains can be achieved. 
If the extended TTI (e.g. 80ms, 120ms) is considered for PBCH, more available resources can be provided for PBCH repetitions. It can be seen that about 9.6 dB and 11.2dB are achieved for 8 repetitions and 12 repetitions with PSD boosting respectively. 
Observation: The performance of PBCH repetition and/or PSD boosting for TDD shows:

· 5 repetitions alone can bring about 5.4dB gains
· 5 repetitions with PSD boosting can obtain 7.3dB gains
· 8 repetitions and 12 repetitions with PSD boosting can achieve 9.6dB and 11.2dB gains respectively
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Figure 1: Performance of PBCH with different repetition times and/or PSD boosting
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Figure 2: Coverage gain with different repetition times and PSD boosting
3. Analysis on PSD boosting and extended TTI
Based on the evaluation results in section 2, we further discuss the necessity of extended PBCH TTI and PSD boosting. Before that, TDD coverage improvement target should be disscussed first.
The coverage improvement target for FDD is 15dB as required in WID [1]. Based on the calculated MCL in Table 1 cited from [2], it can be observed that coverage gap of PBCH for FDD is 6.7dB to achieve the coverage improvement target. In addition, it was agreed in the last RAN1#74 meeting that additional 4dB coverage loss by 1Rx should be considered. So PBCH for FDD needs a total of 10.7dB coverage improvement. For TDD, the coverage improvement target is not specified in the WID [1]. If the same absolute MCL as FDD with 15dB coverage improvement (155.7dB) is targeted for TDD, the required coverage improvement for PBCH for TDD will be the same as FDD, i.e. 10.7dB.
Table 1.  MCL calculation for Category 1 UEs (unit: dB)

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

	MCL (FDD)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	MCL (TDD)
	149.4
	146.7
	147.4
	148.1
	149.0
	149.3
	146.9

	NOTE 1: 
eNB is assumed with 2 Tx and 2 Rx in FDD systems.

NOTE 2: 
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.




For FDD, more available REs can be provided for PBCH to perform more repetitions for coverage improvement. It is noticed from [2] that the coverage improvement target of 10.7dB can be achieved by repetition in 40ms, and even without PSD boosting. 

For TDD, if the PBCH is repeated on almost all the available REs in the centre 6 PRBs of subframe #0 and # 5, about 5 repetitions can be performed within 40ms, which can bring about 5.4dB gains without PSD boosting or 7.3dB with PSD boosting as shown in Figue 1. This indicates that the coverage improvement target of 10.7dB cannot be achieved. So it is better to increase the number of repetition times. For different TDD UL-DL configurations, one possible way is to use the available resources in subframe #1 and #6 for PBCH repetition. When these subframes are configured as special subframes, the repetition can be operated in the DwPTS field. In this case, about maximum 8 PBCH repetitions may be performed within 40ms, which can obtain about 9.6dB gains shown in Figure 1. Note that some special subframe configurations are not supported in this case.
It is also observed from Figure 1 that when the PBCH TTI is extended to 120ms, 11.2dB gain is obtained which indicates that the coverage improvement target of 10.7dB is achieved. However, if the extended TTI is introduced for TDD only, the commonality of FDD and TDD cannot be maintained. Furthermore, with the extension of PBCH TTI, specification impacts on both physical layer and higher layers should be considered. For example, how to carry the SFN should be redesigned including new BCH content and new scrambling sequences. The specification changes will also increase the complexity of UE implementation. Moreover, UE PBCH decoding complexity and power consumption increase due to extended TTI.

Considering the performance of PBCH repetition, specification impacts and the commonality of FDD and TDD, we propose not to extend the PBCH TTI for TDD. In addition, subframe #1 and #6 may be considered for PBCH repetition for additional gains. Furthermore, PSD boosting is proposed to be adopted for PBCH coverage improvement to achieve additional coverage gains. 
Proposal 1: PBCH TTI is not extended for TDD. 
Proposal 2: Subframe #1 and #6 may be considered for PBCH repetition for TDD.
Proposal 3: PSD boosting is adopted for PBCH coverage improvement for TDD.
4. Intermittent repetition
According to the analysis above, almost all the available REs in the centre 6 PRBs will be consumed for PBCH repetition. This will seriously decrease the peak rate of UEs and the cell spectral efficiency. We agree to use intermittent repetition of PBCH to minimize the spectral efficiency loss. 
Proposal 4: Intermittent PBCH repetition is adopted for PBCH coverage improvement.
However, it is unclear if the periodicity of PBCH intermittent repetition needs to be known by UEs. Our understanding is that it is not necessary in the sense that UEs shall blindly decode PBCH for cell access. But it may be beneficial to avoid blind decoding of PBCH again when MIB is changed. It is for further discussion if the intermittent repetition periodicity can be configured by higher layers if it is deemed to be necessary.
Proposal 5: It is for further discussion if the periodicity of PBCH intermittent repetition needs to be informed to UEs. If it is necessary, it is for further discussion if it can be configured by higher layers.
5. Conclusion
In this contribution, we first present the evaluation results of PBCH repetition and/or PSD boosting for TDD and give the following observation:
Observation: The performance of PBCH repetition and/or PSD boosting for TDD shows:

· 5 repetitions alone can bring about 5.4dB gains
· 5 repetitions with PSD boosting can obtain 7.3dB gains
· 8 repetitions and 12 repetitions with PSD boosting can achieve 9.6dB and 11.2dB gains respectively
Based on the evaluation results, we further discuss the necessity of extended PBCH TTI and PSD boosting .We propose:

Proposal 1: PBCH TTI is not extended for TDD. 

Proposal 2: Subframe #1 and #6 may be considered for PBCH repetition for TDD.

Proposal 3: PSD boosting is adopted for PBCH coverage improvement for TDD.
Regarding intermittent PBCH repetition, we propose:

Proposal 4: Intermittent PBCH repetition is adopted for PBCH coverage improvement.
Proposal 5: It is for further discussion if the periodicity of PBCH intermittent repetition needs to be informed to UEs. If it is necessary, it is for further discussion if it can be configured by higher layers.
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Appendix
Table 2． Simulation assumptions on PBCH
	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	TDD

	Carrier frequency
	2.6GHz for TDD

	Antenna configuration
	8x2, low correlation for TDD

	Channel model
	EPA

	Doppler spread
	1Hz

	PBCH occupied subframe
	#0 and #5

	Repetition times of current PBCH
	 5 (40ms), 8 (80ms), 12(120ms)

	PSD boosting
	 4dB

	Performance target
	1% BLER

	Channel estimation
	Realistic multiple subframes channel estimation 
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