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1 Introduction
Coverage improvement techniques have been discussed in RAN1 #71 and the concepts of these techniques are captured in [1]. This document provides a Text Proposal for inclusion in TR 36.888 on the technique of coverage improvement for low cost MTC UEs. It is noted that the structure in this TP captures the agreed headings and text in [1]. 
Techniques and related contributions are listed below:

· At least 19 sourcing companies propose using TTI bundling, HARQ retransmission, repetition, code spreading, RLC segmentation, low rate coding or low modulation order for coverage improvement, and the related contributions are from [2] to [20]. 
· Regarding power boosting, at least 10 sourcing companies propose using it to improve coverage, and the related contributions are [2], [3], [6], [8], [10], [11], [12], [13], [18] and [20]. 
· As for relaxed requirement, there are about 13 sourcing companies suggesting this scheme, and the related contributions are [2], [2], [3], [6], [6], [8], [9], [10], [12], [13], [15], [18] and [20]. 
· For designing new channel, at least 5 sourcing companies propose this scheme, and the related contributions are [2], [8], [10], [12] and [18].
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2 Text Proposal

~ ~ ~  START OF TEXT PROPOSAL #1  ~ ~ ~
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.
Performance evaluation of coverage improvement techniques shall be analyzed in terms of: coverage, power consumption, cell spectral efficiency, specification impacts and, cost or 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.
9.4 Concepts for coverage improvement


· 
· 
· 
· 
· 
· 
· 
· 
· 
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This section provides the concepts on coverage improvement techniques to be studied, and also lists some additional techniques. 
9.4.1 Coverage improvement techniques
The following techniques can be studied to improve coverage for MTC UEs at extreme scenarios. The list of examples provided in this section should not be considered as an exhaustive one.
9.4.1.1 TTI bundling/ HARQ retransmission/ Repetition/ Code spreading/ RLC segmentation/ Low rate coding/ Low modulation order
More energy can be accumulated to improve coverage by prolonging transmission time. The existing TTI bundling and HARQ retransmission in data channel can be used for MTC UEs at extreme scenarios. Note that since the current maximum number of UL HARQ retransmission is 28 and TTI bundling is up to 4 consecutive subframes, the current TTI bundling and HARQ retransmission cannot reach the coverage improvement target and it is necessary to extend these schemes, for example, TTI bundling with larger TTI bundle size may be considered and the maximum number of HARQ retransmissions may be extended to achieve better performance. Other than TTI bundling and HARQ retransmission, repetition can be applied by repeating the same RV multiple times. In addition, code spreading in time and/or frequency domain can also be considered to improve coverage. Considering the expected message size of MTC UEs at extreme scenarios is small, MTC traffic packets could be segmented into smaller packets and very low coding mapping and lower modulation order can also be used. The smaller packets transmitted by lower MCS could be beneficial to coverage improvement. As RLC/MAC header and CRC bits are attached to each RLC SDU, RLC segmentation will lead to additional overhead.
9.4.1.2 Power boosting

More power can be transmitted per bit by either increasing the overall transmit power at the eNB or concentrating transmit power in a restricted number of resources blocks at the eNB or the UE. This scheme would increase received SINR if effective interference coordination scheme between cells is applied. For downlink, it will provide significant gains by boosting power from other UEs; however for uplink, it might not work when UE is already transmitting at the maximum power level unless a new UE class with higher maximum output power is defined.

9.4.1.3 Relaxed requirement
The performance requirements for some channels can be relaxed considering the characteristics (e.g., greater delay tolerance) of MTC UEs at extreme scenarios. For the synchronization channel, MTC UEs can accumulate energy by combining PSS or SSS multiple times, but this will prolong acquisition time. Thus, a relaxed acquisition requirement compared to legacy UE is required. For PRACH, a looser PRACH misdetection threshold at eNB could be considered, but the false alarm probability will be increased as well. As a result, downlink recourses for transmitting false alarm RAR will be wasted. Regarding other channels, relax requirements will result in poor performance, and thus overall resources may be increased.

9.4.1.4 Design new channels
New design of channels or signals for better coverage is possible if implementation based scheme cannot meet coverage improvement requirement, such as new broadcast channel with eliminating some bits of legacy PBCH or merging some system information, new PRACH channel with resource allocation different from legacy design, new control channels with compact DCI and/or increasing aggregation levels. In addition, optimization of PDSCH/PUSCH structure may also be considered.
9.4.2  Possible coverage improvement techniques
Other than the above schemes, the following schemes could be considered as possible techniques for MTC UEs at extreme scenarios.  These schemes should be considered along with the above schemes in 9.4.1 as part of a broader portfolio of solutions that can be considered for a performance/functionality tradeoff, in particular when considering a specific application and (possibly relaxed) coverage requirement. The list of examples provided in this section should not be considered as an exhaustive one.
9.4.2.1 Increasing site densification or external antennas
Increasing site densification (e.g., Pico/Femto/relay/repeater/meshes/small cell) requires additional sites to cover certain type of MTC devices. With the trend of small cell deployment, techniques such as decoupled UL and DL association, e.g. UL associates with the closest cell and DL associates with the strongest cell, can provide large coverage gain for the UL. Joint transmission can further improve DL coverage. External antennas (e.g., an external antenna with high antenna gains) at the receiver could help to compensate the penetration losses. 
9.4.2.2 Advanced receiver
Compared to baseline receiver (e.g., MRC receiver), advanced receiver (e.g., IRC receiver or non-linear interference cancellation receiver) could mitigate not only the intra-cell interference but also the inter-cell interference. In RAN4’s advanced receiver and FeICIC work items, the IRC receiver has shown better performance over baseline receiver at cell edge and non-linear interference cancellation receiver could provide significant gain over linear receivers by mitigating strong CRS/PSS/SSS/PBCH interference [21]-[22].
9.4.2.3 System level solution 

System level solutions could provide further coverage improvement along with other enhancement schemes. The following system level solutions can be considered:
· CoMP: Coordinated multi-point on transmission or reception can increase the effective received SINR by providing diversity gains and antenna array gains. 
·  ICIC: ICIC can also be used to enhance the coverage by reducing inter-cell interference. 

· Beamforming : Beamforming can extend the downlink coverage by appropriate beamforming weight. 
~ ~ ~  END OF TEXT PROPOSAL #1  ~ ~ ~
