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1. Introduction
Based on our discussion paper in R1-130053, following provide text proposal for TR 36.888 section 9.
---------------------------------------------------- Start of Text proposal---------------------------------------------------------
9. Coverage improvement
9.1 Description

[Some MTC UEs are installed in the basements of residential buildings or locations shielded by foil-backed insulation, metalized windows or traditional thick-walled building construction, and these UEs would experience significantly greater penetration losses on the radio interface than normal LTE devices. The MTC UEs in the extreme coverage scenario might have characteristics such as very low data rate, greater delay tolerance, and no mobility, and therefore some messages/channels may not be required.]

Consider impacts: Coverage, Power consumption, spectral efficiency, specification impacts, cost/complexity analysis

Not all UEs will require coverage enhancement, or require it to the same amount. It should be possible to enable the techniques only for the UEs that need it.

9.2 Coverage Analysis

9.3 Required system functionality

Editor note: may discuss which channels, messages, payloads, procedures, etc may not be required or may be simplified. May have multiple subsections.

9.3.1 Elimination/simplification of channels 
· PCFICH

The time span of the DCI can be fixed so that PCFICH is not necessary for low-cost MTC UEs. Furthermore, if ePDCCH or other enhanced PDCCH in the data region are used for MTC UEs, PCFICH can be eliminated.

· PHICH

The function of PHICH can be replaced by PDCCH. Hence the PHICH can be eliminated for low-cost MTC UEs at the cost of increased overhead of UL grant.

· PUCCH

The function of SR transmission can be replaced by random access procedure. CQI feedback may be unnecessary for MTC UEs due to the traffic property of intermittent and small packets. Whether ACK/NACK feedback is useful is FFS depending on spectral efficiency analysis. Hence PUCCH may be eliminated depending on further evaluation on spectral efficiency.

· PBCH

Some of the information conveyed on PBCH may not be necessary for low-cost MTC UEs. The simplification of the payloads on PBCH can be considered. Furthermore, PBCH may be redesigned to achieve the coverage improvement target. 

· PDCCH

Although PDCCH can be eliminated if dedicated data channel is adopted, it is not preferable considering the significant impact on specification and implementation. The payloads on PDCCH may be simplified since some of the fields may not be needed for low-cost MTC UEs.
9.3.2 Simplification of messages (not RAN1 target)

9.4 Concepts for coverage improvement

Editors note: turn into headings and text

· Followings can be studied as coverage improvement techniques

· Repetition/retransmission/spreading/low rate coding
· Includes TTI bundling, RLC segmentation
· Power boosting
· Includes power spectral density boosting
· Relaxed requirement (e.g., acquisition time, longer averaging time)
· Design new channels 

· …<other to be added later>

· Followings can be listed and possibly studied
· Relay/repeater/meshes or external antennas, site densification, advanced receiver
· System-level solution (BF, CoMP, ICIC, MBSFN transmission)

9.5 Analysis of Physical Channels and Signals

9.5.1PSS/SSS
9.5.1.1 Description

The synchronization signals are transmitted with a 5ms periodicity for PSS and a 10ms periodicity for SSS. The UE can accumulate more PSS/SSS signals to improve the performance of cell detection. Consequently, the delay of cell search increases.
9.5.1.2 Coverage improvement analysis

The link level performance gain of N times SCH energy accumulation is shown below. UE accumulates the correlation values of N radio frames.
	SCH accumulation times
	10
	32
	50
	100
	200

	PSS accumulation times
	20
	64
	100
	200
	400

	SSS accumulation times
	10
	32
	50
	100
	200

	Gain
	7.16dB
	11.56dB
	13.56dB
	16.08dB
	18.45dB


SCH energy accumulation can achieve the coverage improvement target. For FDD, the SCH accumulation times is about 32; for TDD, the SCH accumulation times is between 100 and 200.
9.5.1.3 Power consumption

With the increase of energy accumulation times, the cell detection time becomes larger which results in power consumption increase.
9.5.1.4 Impact on specification

Delay requirement for cell search needs to be relaxed in RAN4. There would be no impact on RAN1 specifications as long as the acquisition time and time/frequency tracking accuracy are acceptable. Otherwise, there may be some RAN1 specification impact.
9.5.1.5 Cell spectral efficiency

Accumulating more SCH signals without change in SCH signals would not consume additional system resources, the cell spectral efficiency will not be impacted
9.5.1.6 Cost analysis
SCH signal accumulation is not expected to increase the UE cost or the UE cost increase is negligible.
9.5.2 PBCH
9.5.2.1 Description

PBCH conveys SFN and other system information which is transmitted during 4 consecutive radio frames. Although more physical resources can be allocated for PBCH within the 40ms TTI, it is still difficult to achieve the coverage improvement target without other approaches. New design for PBCH may be needed.
9.5.2.2 Coverage improvement analysis

The link level performance gain of PBCH repetition is expected to be similar to PDSCH.

9.5.2.3 Power consumption

With increased repetition times, PBCH reception time increases so the power consumption becomes higher.

9.5.2.4 Impact on specification

New design for PBCH would cause specification impact in RAN1 maybe also RAN2.

9.5.2.5 Cell spectral efficiency

Since PBCH would occupy more physical resources, the cell spectral efficiency would degrade correspondingly.

9.5.2.6 Cost analysis

Whether the UE cost will increase depends on the new PBCH design.
9.5.3 PRACH

9.5.3.1 Description

Repetition can be applied to PRACH to improve the performance. The starting subframe in addition to the number of repetition should be known at the eNB side. Dedicated PRACH resources different from the legacy PRACH resources need to be configured in order to facilitate the eNB to identify different types of UEs.
9.5.3.2 Coverage improvement analysis

The link level simulation results of PRACH repetition gain is shown below.

	PRACH repetition times
	10
	32
	100
	800

	Gain
	9.1dB
	13.1dB
	14.3dB
	16.6dB


The gain becomes smaller when the repetition times increases. As a limiting channel, 800 times repetition cannot achieve the coverage improvement target.
9.5.3.3 Power consumption

Power consumption is expected to increase due to the transmission time becomes longer.
9.5.3.4 Impact on specification

The starting subframe and the repetition times need to be defined or new PRACH formats are defined. Higher layer signalling to inform the dedicated PRACH resources need to be designed. They will cause specification impact in RAN1 and RAN2.
9.5.3.5 Cell spectral efficiency

Dedicated physical resources are needed for the MTC UEs in bad locations, hence the cell spectral efficiency would degrade.
9.5.3.6 Cost analysis

The UE cost is not expected to increase due to PRACH repetition.
9.5.4(E)PDCCH

9.5.4.1 Description

Currently PDCCH is a one shot transmission. In order to achieve a 20dB coverage improvement, time domain repetition can be considered. In order to facilitate the combination at the UE side, the starting subframe in addition to the number of repetition times should be known at the UE side.
9.5.4.2 Coverage improvement analysis

The link level simulation results of PDCCH repetition gain is shown below.

	PDCCH repetition times
	10
	100
	800

	Gain
	6.12dB
	13.5dB
	19.97dB


800 times repetition can achieve the coverage improvment target.
9.5.4.3 Power consumption

Power consumption is not expected to increase a lot since the UE needs to monitor PDCCH in each subframe anyway.
9.5.4.4 Impact on specification

Significant impact on RAN1 specification is expected. The starting subframe and the number of repetition times needs to be defined for (e)PDCCH. With hundreds of times repetition, the eNode B/UE processing delay becomes negligible, hence the number of HARQ processes can be reduced to 1 or 2. The timing relation between PDCCH and data channels may be impacted depending on the specific time domain repetition mechanism.
9.5.4.5 Cell spectral efficiency

The cell spectral efficiency degrades with PDCCH repetition.
9.5.4.6 Cost analysis

The UE needs additional buffer for all the PDCCH symbols or soft bits. On the other hand, the LLR buffer and HARQ buffer can be decreased if modulation order is restricted to be QPSK and the number of HARQ processes is reduced to 1 or 2. Hence the UE cost may not increase.
9.5.5 PDSCH / PUSCH

9.5.5.1 Description

Currently, HARQ retransmission can be used to improve the data channel performance and TTI bundling can be used for PUSCH to improve the VoIP coverage. Both HARQ retransmission and TTI bundling can be deemed as time domain repetition. However, there are some restrictions and shortcomings if a 20dB coverage improvement is targeted e.g. bundle size, maximal number of uplink HARQ retransmission, scheduling overhead etc. The feasibility and impact of achieving 20dB coverage improvement via time domain repetition is evaluated and analyzed. The time domain repetition mechanism can be studied in the later stage.
9.5.52.2 Coverage improvement analysis

The link level simulation results of N times PDSCH/PUSCH repetition gain is shown below.
	PDSCH repetition times
	10
	100
	400
	800

	Gain
	6dB
	12.9dB
	16.9dB
	18.5dB


	PUSCH repetition times
	10
	100
	800

	Gain
	6.3dB
	13.7dB
	19.6dB


800 times repetition can achieve the coverage improvement targets for PDSCH and PUSCH.
9.5.5.3 Power consumption

Power consumption is expected to increase due to the transmission/reception time becomes longer.
9.5.5.4 Impact on specification

Some specification impact is expected. For example, with hundreds of times repetition, the eNode B/UE processing delay becomes negligible, hence the number of HARQ processes can be reduced to 1 or 2. The repetition times may be needed to be informed to the UE. The timing relation between PDCCH and data channels may be impacted depending on the specific time domain repetition mechanism.
9.5.5.5 Cell spectral efficiency

Obviously, cell spectral efficiency degrades with time domain repetition since more resources are occupied. The spectral efficiency degradation equals 
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where f% is the percentage of UEs in bad locations and M is the repetition or transmission times. For example for PDSCH, the spectral efficiency degradation is 99.38% assuming 20% UEs are in bad locations and M equals to 800.
9.5.5.6 Cost analysis

The UE may needs additional buffer for PDSCH symbols or soft bits within the full bandwidth. On the other hand, the LLR buffer and HARQ buffer can be decreased if modulation order is restricted to be QPSK and the number of HARQ processes is reduced to 1 or 2. Hence the UE cost may not increase.
9.5.6 …

---------------------------------------------------- End of Text proposal---------------------------------------------------------
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