3GPP TSG RAN WG1 Meeting #72
R1-130016
St Julian’s, Malta, 28th January – 1st February, 2013

Agenda Item:
7.3.4
Source:
Huawei, HiSilicon
Title:
Text proposal for TR 36.888 on coverage improvement
Document for:
Discussion
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]. The text agreed in [2] is directly inserted into section 9.2 “Coverage Analysis”. The analysis of section 9.5 is captured in accompanied contribution [22].
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 [3] to [21]. 
· Regarding power boosting, at least 10 sourcing companies propose using it to improve coverage, and the related contributions are [4], [5], [7], [9], [11], [12], [13], [14], [19] and [21]. 
· As for relaxed requirement, there are about 13 sourcing companies suggesting this scheme, and the related contributions are [3], [4], [5], [7], [8], [9], [10], [11], [13], [14], [16], [19] and [21]. 
· For designing new channel, at least 5 sourcing companies propose this scheme, and the related contributions are [4], [9], [11], [13] and [19].
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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.

9.2 Coverage Analysis
An additional coverage requirement of a 20dB improvement in comparison to “category 1 UEs” is targeted. Table 9.2.1-1 lists the MCL table for category 1 UEs.
Table 9.2.1-1 Summary of MCL from Table 5.2.1.2-2 and Table 5.2.1.2-3 in Section 5.2.1.2 (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

	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.


From Table 9.2.1-1, it can be expected when the amount of coverage improvement becomes larger, all channels listed in Table 9.2.1-1 need to be improved. For example, if the amount equals 20dB, all uplink and downlink channels need to be enhanced because the gap between maximum MCL and minimum MCL is 8.6 dB for FDD and 2.7dB for TDD. 

Given that single receive RF and bandwidth reduction might be used for MTC UEs, and these techniques would decrease downlink coverage, additional coverage improvement needs to be considered to compensate this coverage loss. 

Assuming an x dB coverage improvement is desired, the limiting channel from Table 9.2.1-1 with the minimum MCL will need to be improved by x dB. Note that x dB coverage improvement is with respect to category 1 UE at the data rate of 20 kbps. The other channels will require less improvement, with the overall amount of compensation equal to x dB reduced by the difference between the MCL and the minimum MCL. The overall amount of compensation should also include the application of low cost MTC techniques: single receive RF chain would require additional coverage compensation for all downlink channels, and reduction of maximum bandwidth may require additional coverage compensation for the (E)PDCCH and PDSCH.

9.3 Required system functionality

· 
Some special characteristics could be expected (e.g., using very low data rate and with greater delay tolerance, no mobility, very low SINR) for MTC UEs at extreme scenarios. Based on these characteristics, it is concluded some channels, messages or procedures may not be required or may be simplified. It is noted that the simplification of messages or procedures is not RAN1’s target.
9.3.1 Elimination of channels

PBCH may be possible to be replaced by a new designed channel which includes necessary system information.
As PCFICH is used for informing the time span on PDCCH, it might not be required at extreme scenarios if the number of OFDM symbols for PDCCH can be fixed (or assumed to be fixed). Moreover, if EPDCCH is introduced, it has been agreed that higher layer signaling can indicate the OFDM starting symbol for EPDCCH in Rel-11. 
For PHICH, it may be possible to be eliminated, but at the cost of possibly sending more UL grants. Although a newly designed PHICH may enhance the coverage, it will bring more specification impacts. 
9.3.2 Simplification of messages or procedures
PBCH conveys SFN, PHICH configuration and system bandwidth. If PHICH is eliminated, PHICH configuration may not be needed. 
For system information block, some SIB types may not be needed for MTC UEs at extreme coverage scenarios. For example, SIBs (SIBs 3-8) for intra-frequency, inter-frequency, inter-RAT cell re-selection might not be needed as MTC UEs for smart metering are usually fixed in basements and the serving cell for these UEs are invariable. In addition, SIBs (SIBs 10-12) for ETWS and CMAS may also not be needed in order to simplify the detection of system information. It is worth considering designing a new broadcast channel or new SIB to include only the necessary system information. 

In (E)PDCCH, some DCI fields (e.g., MCS field) may be simplified or even be removed because of the special characteristics (e.g., very low SINR) at extreme scenarios. 

SR is transmitted on PUCCH. Actually, MTC UEs can rely on random access process for uplink scheduling if they cannot transmit SR on PUCCH, but at the cost of longer time and more resources as all steps in random access process need to be compensated in case of extreme scenarios. 
9.4 Concepts for coverage improvement

· 
· 
· 
· 
· 
· 
· 
· 
· 
· 

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.

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 the current maximum number of UL HARQ retransmission is 28 and TTI bundling is up to 4 consecutive subframes, so the current TTI bundling and HARQ retransmission cannot reach the coverage improvement target and it is necessary to extend these schemes. Other than TTI bundling and HARQ retransmission, repetition can be applied by repeating the same RV multiple times. Repetition may save control channel resources and latency compared to TTI bundling or HARQ retransmission. In addition, code spreading can also be considered to improve coverage in the time or frequency domain, or in both. 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 rate 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.
TTI bundling, HARQ retransmission, repetition or code spreading would improve coverage, but at the cost of increased power consumption due to the prolonging transmission time. Moreover, whichever is used, it will degrade cell spectral efficiency as more resources are occupied to transmit the same information. However, since a relatively small proportion of MTC UEs require the coverage improvement and most traffic can be scheduled at quiet times, the impact on the system may be small. The specification impact will depend on which variant(s) of the technique are used. As mentioned above, the necessary extensions of TTI bundling and HARQ retransmission will require modifications to RAN1 specifications. Timing relationships between related channels (e.g., PDCCH and PUSCH/PDSCH) will also bring changes on specifications. Regarding code spreading, although it has been used on PUCCH format 2 or 3, some specification changes are still needed if it is introduced for other channels. With RLC segmentation, optimization or simplification of the RLC/MAC header may be required in RAN2. For using a lower modulation order, the current MCS table does not support BPSK and a new modulation and TBS index is needed if BPSK is introduced. This scheme is not expected to increase cost at both the eNB and the UE. 
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 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.

Power boosting would improve coverage, but it may increase inter-cell interference. It may not impact power consumption and cost saving significantly unless a new UE class with higher maximum output power is introduced. Regarding cell spectral efficiency, when the eNB concentrates transmissions to UEs into a restricted number of resources blocks, the available physical resources for other UEs are decreased, thus the cell spectral efficiency is negative impacted. For uplink, since a UE may occupy fewer resources blocks for transmission and more unused physical resources can be scheduled for other UEs, uplink cell spectral efficiency will not get worse. The impact on the specification depends on if a new UE class with higher maximum output power is specifically introduced for MTC UEs at extreme scenarios.
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.

A relax requirement would improve coverage because the required SINR is reduced. As more resources are needed to fulfill the functionality, power consumption is expected to be increased. Moreover, cell spectral efficiency may be degraded. Since a relatively small proportion of MTC UEs require coverage improvement and most traffic can be scheduled at quiet times, the impact on the system may be small. The specification impact of this scheme is mainly in RAN4, as some specific requirements for MTC UEs at extreme scenarios need to be defined. A relax requirement may not impact cost saving.
9.4.1.4 Design new channels
The design of new channels mainly focuses on synchronization channel and PBCH. For synchronization channel, longer sequences or allocating additional symbols can help to improve coverage. For PBCH, a new PBCH should include the necessary system information for MTC UEs at extreme scenarios. In order to minimize the impact on legacy UEs, the new designed channels may need dedicated physical resources for transmission.

A new channel is expected to improve the coverage. It may be possible to combine with other techniques (e.g., repetition) to compensate for the most extreme scenarios, which may increase power consumption. Given that dedicated physical resources are specific for the newly designed channels, cell spectral efficiency may be negative impacted. However, as a relatively small proportion of MTC UEs require the coverage improvement and most traffic can be scheduled at quiet times, the impact on the system may be small. It is apparent that new designed channel requires substantial specification efforts. The impact of cost saving depends on the new designed channels, and it is expected not to increase overall cost of the system.
9.4.2 Possible coverage improvement techniques
Other than above schemes, following schemes could be considered as possible techniques for MTC UEs at extreme scenarios.
9.4.2.1 Increasing site densification or external antennas
Increasing site densification (e.g., relay/repeater/meshes/small cell) requires additional sites to cover certain type of MTC devices. For example, a relay or repeater could be deployed in places where many MTC UEs are in lack of good coverage, or it could be a specific node for an individual MTC UE at extreme scenarios. External antennas (e.g., an external antenna with high antenna gains) at the receiver could help to compensate the penetration losses. These schemes will increase network or UE cost. However, the cost may be acceptable if the number of new sites is reasonable or if only a small proportion of MTC devices in the worst locations are configured with external antennas. 
Increasing site densification or external antennas could improve coverage and spectral efficiency, and may also reduce UE power consumption due to the reduction of link budget requirement. Regarding specification impact, it is not necessary to significantly optimize specific channels and procedures significantly, thus less specification efforts can be expected. However, in order to achieve low system cost and MTC UE cost, it is necessary to consider the balance between the overall cost and coverage improvement.
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 [23]-[24].
Generally, advanced receiver would improve coverage and spectral efficiency due to the better demodulation performance. However, it also increases the overall power consumption and the receiver cost because interference or noise-interference covariance matrix needs to be estimated. Moreover, it increases the implementation complexity. Advanced receiver might require specification modifications if network-assisted interference suppression or network-assisted interference cancellation is applied.
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. 
· MBSFN subframes: MTC UE at extreme scenarios could be scheduled on some specific subframes (e.g., MBSFN) where legacy UEs would not detect, which reduce the impact on legacy UEs when power boosting is applied or new channel is introduced.
It is expected that system level solution would not make power consumption and cost saving worse. The specification impact is also minimal as most solutions are already available in the LTE system. For the MBSFN subframes solution, MBSFN subframes may be reserved for scheduling the MTC UEs at extreme scenarios, and the eNB needs to select appropriate number of reserved subframes. 
9.5 Analysis of Physical Channels and Signals
9.5.1PSS/SSS
9.5.2 PBCH
9.5.3 PRACH
9.5.4(E)PDCCH
9.5.5 PDSCH / PUSCH
9.5.6 …
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