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1 Introduction
This contribution provides text proposal for TR 36.888 Section 9 for coverage enhancement part of MTC SID [1]. 
------------------------------------------- Start of Text proposal---------------------------------------------------------
9.5 Analysis of Physical Channels and Signals

9.5.1PSS/SSS

9.5.1.1 Description
Coverage enhancement of PSS/SSS can be achieved by “relaxed requirement” and “design new signals”. If longer acquisition time as a single solution is insufficient to meet coverage enhancement requirement or involved with unreasonable complexity/latency, a new PSS/SSS can be introduced by transmitting additional PSS/SSS on top of legacy PSS/SSS. To minmize the impact on legacy UEs, additioanl PSS/SSS for coverage limiting UEs should not be detected by legacy UEs by using different gaps between PSS and SSS or using different periodicity (i.e., not 5msec). 
9.5.1.2 Link level performance
More performance gain is expected with accumulating more PSS/SSS energy with longer acquisition time and/or more additional PSS/SSS combining.
9.5.1.3 Power consumption

Power consumption might be increased with longer acquisition time (in proportion to acquisition window) since it causes longer cell search time.
9.5.1.4 Impact on specification

Relaxed cell search requirement by allowing longer acquisition time is to be investigated/confirmed by RAN4, and introduction of new design with additional PSS/SSS transmission is to be discussed in RAN1 by taking legacy impact on cell search into account.
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. Even with additional PSS/SSS transmitted, the degraded spectral efficiecy is not significant by limiting the transmsision (e.g., only in off-peak). 
9.5.1.6 Cost analysis

Increase of UE cost caused by combining/accumulating more PSS/SSS is expected to be reasonable or negligible.
9.5.2 PBCH

9.5.2.1 Description

To enhance the coverage for PBCH, we may consider the increase number of transmission within 40msec or introduce a new PBCH for coverage-limiting UEs. If a new PBCH is introduced, to reduce the size of MIB and thus increase coding gain, unnecessary fields can be eliminated. Additionally, the starting subframe or SFN offset where bundled PDCCH for SIB1 and SIB2 would start can be transmitted in PBCH to allow flexibility. Candidate locations where additional PBCH can be placed are OFDM symbols which are not used for PSS/SSS and PDCCH or subframes other than #0. 
.9.5.2.2 Link level performance
More coverage gain is expected with more repetition for PBCH. By reducing the information carried in a new PBCH for coverage-limiting UEs, further coding gain can be achieved to enhance the coverage of PBCH.
9.5.2.3 Power consumption

Power consumption might be increased as the UE should read the larger number of PBCHs to be able to decode MIB.

9.5.2.4 Impact on specification

Designing a new PBCH may have considerable impacts on RAN1 specification. If the content of PBCH changes, such as reduced information or combined MIB and SIB information is introduced, some impact on RAN2 specification is expected as well.

9.5.2.5 Cell spectral efficiency

As a PBCH uses four OFDM symbols within 6 PRBs every 10msec, the overall overhead is not significant. Assuming 10 MHz system bandwidth, the overhead of PBCH is less than 0.015%, thus repetition of PBCHs may not significantly degrade the spectral efficiency. Moreover, the additional PBCH or new PBCH for coverage limiting UEs can be transmitted with very low frequency (e.g., 5 minutes per day), thus overall spectral efficiency degradation would not be significant.

9.5.2.6 Cost analysis

Additional hardware requirement is not expected to decode repeated or new PBCH. Thus, cost may not be impacted.
9.5.3 PRACH

9.5.3.1 Description

Two potential solutions “design new signals” and “repetitions” could be adopted to enhance PRACH coverage. New PRACH format can be designed by generating a longer preamble sequence with repetition of multiple existing preamble sequence. Dedicated PRACH resource and different PRACH configuration from normal UEs for coverage limiting UEs would be considered. 

9.5.3.2 Link level performance
More coverage gain can be achieved with longer preamble sequence and/or repeated PRACH combining.
9.5.3.3 Power consumption

Power consumption might be increased with increased PRACH transmission time since longer or more PRACH signals would be transmitted from a UE.
9.5.3.4 Impact on specification

New PRACH design with longer preamble sequence, repetition of existing PRACH format, and corresponding configuration is to be discussed in RAN1/2 (and RAN4) by taking coexistence with legacy format/UE (e.g. collision probability, resource availability) into account
9.5.3.5 Cell spectral efficiency

Impact on cell spectral efficiency by applying new or repeated PRACH would be dependent upon the number of MTC UEs actively transmitting PRACH.

9.5.3.6 Cost analysis

Increase of UE cost caused by transmitting longer PRACH or repeating multiple PRACHs is not expected to be significant.
9.5.4(E)PDCCH

9.5.4.1 Description

In order to enhance coverage on (E)PDCCH, “TTI bundling” and “low rate coding” could be introduced as the potential solutions. With TTI bundling on (E)PDCCH, multiple (E)PDCCHs conveying a same DCI to schedule a single data are to be transmitted over a few (e.g. 2 or 4) subframes, and can be combined at the UE receiver. Necessary information to support (E)PDCCH bundling such as (E)CCE aggregation level and (E)PDCCH candidate index should be known to UE. Moreover, by increasing aggregation level or increasing coding gain by introducing compact DCI, coverage of (E)PDCH can be improved. 

9.5.4.2 Link level performance
Coverage enhancement can be achieved by accumulating more (E)PDCCH energy and applying lower coding rate with higher (E)CCE aggregation levels.
9.5.4.3 Power consumption

Power consumption might be slightly increased due to increased number of (E)PDCCH/(E)CCE resources (as TTI bundling size or aggregation level increases).
9.5.4.4 Impact on specification

Introduction on scheduling of single DCI over multiple subframes and configuring higher (E)CCE aggregation level than 8 would be RAN1 discussion/decision issue to make additional control channel structure and corresponding HARQ process. Related to bundling, starting position and bundling window should be designed which will impact RAN1 specificaiton. 
9.5.4.5 Cell spectral efficiency

Increase of (E)PDCCH blocking probability might be caused by TTI bundling and higher aggregation level from cell spectral efficiency perspective.
9.5.4.6 Cost analysis

Increase of UE cost caused by TTI bundling or higher aggregation level might be somewhat expected due to buffering operation on control channel and support of additional coding rate.
9.5.5 PDSCH / PUSCH

9.5.5.1 Description

In order to enhance coverage on PDSCH/PUSCH, “TTI bundling” could be introduced as a potential solution. 

9.5.52.2 Link level performance
Performance gain is expected to be achieved by accumulating more PDSCH/PUSCH energy with TTI bundling, probably combined with other solution (e.g. DMRS power boosting or increase of DMRS density). Some analysis results are shown in below. 
Table 1: PDSCH with 6 RBs

	FDD PDSCH transmission, SNR: -19.3dB, BLER: 10-1, 6 PDSCH RBs

	Frequency tracking error
	20Hz
	100Hz

	# of subframes for channel estimation
	1
	2
	3
	5
	1
	2

	# of PDSCH repetitions
	~70
	~50
	~45
	~40
	~70
	~65

	Throughput (bps)
	4.45E+03
	5.88E+03
	6.38E+03
	6.84E+03
	4.17E+03
	4.69E+03


Table 2: PDSCH with 1 RB

	FDD PDSCH transmission, SNR: -19.3dB, BLER: 10-1, 1 PDSCH RB

	Frequency tracking error
	20Hz
	100Hz

	# of subframes for channel estimation
	1
	2
	3
	5
	1
	2

	# of PDSCH repetitions
	~90
	~60
	~55
	~50
	~90
	~80

	Throughput (bps)
	3.95E+02
	5.12E+02
	5.78E+02
	6.13E+02
	3.75E+02
	4.14E+02


Table 3: PUSCH with 6 RBs

	FDD PUSCH transmission, SNR: -24.3dB, BLER: 10-1, 6 PUSCH RBs

	Frequency tracking error
	20Hz
	100Hz

	# of subframes for channel estimation
	1
	2
	3
	5
	1
	2

	# of PUSCH repetitions
	~390
	~260
	~190
	~170
	~410
	~300

	Throughput (bps)
	8.21E+02
	1.32E+03
	1.70E+03
	1.92E+03
	8.06E+02
	1.09E+03


Table 4: PUSCH with 1 RB

	FDD PUSCH transmission, SNR: -24.3dB, BLER: 10-1, 1 PUSCH RB

	Frequency tracking error
	20Hz
	100Hz

	# of subframes for channel estimation
	1
	2
	3
	5
	1
	2

	# of PUSCH repetitions
	>1000
	~600
	~470
	~360
	>1000
	~800

	Throughput (bps)
	< 2.52E+01
	4.80E+01
	7.55E+01
	9.21E+01
	< 2.52E+01
	3.89E+01


9.5.5.3 Power consumption

Power consumption might be increased with increased transmission/reception time (in proportion to the number of PDSCH/PUSCH repetitions).
9.5.5.4 Impact on specification

Even though extension to a large bundling size would not lead significant work since currently TTI bundling is specified for UL, some potential issues related to, for example, DL HARQ process are to be discussed in RAN1.
9.5.5.5 Cell spectral efficiency

Degradation of cell spectral efficiency caused by PDSCH/PUSCH repetition would be dependent upon the number of MTC UEs and the MTC traffic frequency.
9.5.5.6 Cost analysis

Increase of UE cost caused by PDSCH/PUSCH repetitions is not expected to be significant.
9.5.6 SIB

9.5.6.1 Description

As a UE is supposed to read SIB1 and SIB2 before transmitting PRACH, necessary enhancement on SIB1 and SIB2 should be considered. Due to the overhead and latency to acquire current SIB1 and SIB2 by PDSCH bundling, a new SIB1 and SIB2 transmission for a coverage-limiting UE can be considered. The design of new SIB1 and SIB2 shall consider two aspects – (1) reduce the number of SIBs required (2) reduce the size of SIB by pre-configuration or removing unnecessary configurations. To minimize the impact on legacy UEs, transmission of new SIBs for coverage limiting UEs may be limited to off-peak duration. 

.9.5.6.2 Link level performance
The coverage enhancement of new SIB transmission would be same as to PDSCH as it would be transmitted by PDSCH. 
9.5.6.3 Power consumption

Power consumption might be increased as the UE should read the larger number of PDSCHs to be able to decode SIB.

9.5.6.4 Impact on specification

As the content of SIB changes some impact on RAN2 specification is expected. As new SIB will be transmitted by PDSCH with a type of TTI bundling, related work (e.g., specify the starting subframe index of SIB PDSCH bundling) is expected in RAN1. 

9.5.6.5 Cell spectral efficiency

The new SIB transmissions for coverage limiting UEs can be transmitted with very low frequency (e.g., 5 minutes per day), thus overall spectral efficiency degradation would not be significant.

9.5.6.6 Cost analysis

Additional hardware is not expected to be able to decode repeated or new SIBs. Thus, cost may not be impacted.
9.5.7 Data modulation RS (DM-RS or CRS)

9.5.7.1 Description

In order to enhance coverage on both DL/UL channels (e.g. PDSCH/PUSCH) by improving channel estimation with data modulation RS, applying “PSD boosting” and “design new signals” to data modulation RS could be introduced as the potential solutions. Higher power boosting on data demodulation RS can be considered. Additionally, new RS pattern with simply increased number of RS symbols/REs can be adopted for the improved channel estimation used to demodulate corresponding DL/UL channels.

9.5.4.2 Link level performance
Performance gain can be achieved by accumulating more (E)PDCCH energy and applying lower coding rate with higher (E)CCE aggregation levels.

9.5.4.3 Power consumption

Power consumption might be probably somewhat increased by increasing TxP of DMRS and the number of DMRS symbols/REs.

9.5.4.4 Impact on specification

Power control aspect (especially, UL) is to be discussed/investigated in RAN1/4 by considering multi-UE multiplexing and interference effect between MTC UE and normal UE.

9.5.4.5 Cell spectral efficiency

Impact on cell spectral efficiency by applying TxP boosting or increased density on DMRS might be reasonable or not significant.

9.5.4.6 Cost analysis

Increase of UE cost caused by boosting DMRS power or increasing DMRS resource is not expected to be significant.
------------------------------------------- End of Text proposal---------------------------------------------------------
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