3GPP TSG RAN WG1 Meeting #72

                                                    R1-130372
St Julian’s, Malta, 28th January – 1st February 2013
Source: 
NEC Group
Title:

Uplink coverage enhancement for MTC
Agenda Item:
7.3.4
Document for:        Discussion and Decision
1. Introduction 
After RAN1 #71 meeting, the text proposal [1] for TR 36.888 on coverage improvement has been email agreed. The proposal listed the possible techniques to improve the coverage of MTC UE targeting a 20dB improvement compared to “normal” LTE UEs. The possible techniques are, 

· 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 or modify channels

· Elimination of channels / Simplification of messages (not RAN1 target)

· …<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)

 This paper analyzes the TTI bundling and power boosting methods to improve the coverage of MTC UE.
2. Coverage enhancement by TTI bundling
LTE Rel.8 introduced TTI bundling to improve the coverage of uplink VoIP traffic. The principle is to maximize the copies of the VoIP packet that UE can transmit continuously without receiving ACK/NACK to meet the stringent delay budget. A single transport block is channel coded with 4 redundancy versions and transmitted in a series of 4 consecutive TTIs. The bundled TTIs are treated as a single UL resource assignment where only a single UL grant and a single PHICH ACK/NACK are required. It has already been observed in TR 36.828 that Rel.8 TTI bundling could provide about 1dB coverage gain. So it is natural to extend the TTI bundling to the MTC coverage enhancement with less stringent delay requirement. 
The coverage enhancement for MTC is targeted for both FDD and TDD. Although the cell size of TDD systems is usually smaller than that of the typical FDD cells. However, there may be the coverage issue for TDD system considering the longer HARQ RTT. According to [2], only TDD UL/DL configurations 0, 1 and 6 support the TTI bundling operation. This is decided considering the enough UL sub-frames in a frame for TTI bundling. However, for low cost MTC UE, as the UL regular period of reporting traffic is much longer than that of VoIP traffic, it is possible to bundle the TTIs in different sub-frames to further increase the receiving credibility. Then TTI bundling operation could be extended to more UL/DL configurations. In fact, this is important considering the UL/DL traffic variations.

On the other hand, a new special sub-frame configuration is introduced in Rel.11 [2]. During the discussion, [3] raised the typical co-existence scenario between LTE TDD and TD-SCDMA. In TD-SCDMA, it usually uses 5DL/2UL, so the most suitable TD-LTE UL/DL configuration is 2. But for configuration 2, it can’t use TTI bundling to improve the cell coverage. Then the extension of TTI bundling to more UL/DL configuration, at least configuration 2 should be considered.
Proposal 1: Consider to extend TTI bundling to more UL/DL configurations, especially for UL/DL configuration 2.

3. Coverage enhancement by power boosting

It is also very important to improve the coverage of MTC UE by the method of power spectral density boosting. For the downlink, [2] supports downlink power allocation which enables eNodeB to determine the downlink transmit energy per resource element in a UE specific way. By adjusting 
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 and , eNodeB could control the power spectral density of PDSCH RE as well as the reference signals. However, as the maximum transmission power of the eNodeB is fixed, boosting some RE’s power density will definitely reduce other REs’. This will bring extra restriction to the eNodeB scheduler. An alternative way is to increase the transmission power of base station. But simply increasing the transmission power will lead to the additional power leakage to the neighboring cells, which could cause severe interference to the UE in the neighboring cell and make the UE CSI measurement unreliable. So it is better not to increase the transmission power of the eNodeB directly. 

For the uplink, power control [2] is applied to count for the pathloss. When the UE transmits PUSCH without a simultaneous PUCCH for the serving cell, then transmit power for PUSCH transmission in sub-frame i for the serving cell is given by
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 is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks valid for sub-frame i and the serving cell. Even though the UE at the cell border often suffers from uplink power limitations, by reducing the number of resource blocks allocated to the UE, the power density of each resource block could be increased accordingly. In the meantime, the channel coding rate of the transport block should be kept low. So RLC segmentation [4] could be a way to reduce the packet size. Then the required bandwidth for the packet transmission is reduced, and the power spectral density is increased accordingly.  Both RLC segmentation and TTI bundling were discussed and compared in Rel.8 to improve the coverage of VoIP traffic. At that time, TTI bundling outperformed RLC segmentation by bundling several TTIs together to meet the stringent delay requirements of VoIP traffic. However, for MTC UE, this requirement could be relaxed. Thus they could be applied together to improve the coverage of MTC UE.

Proposal 2: Consider to apply TTI bundling and RLC segmentation together to improve the uplink coverage of MTC UE.
4. Conclusion 
This contribution analyzes the possible techniques including TTI bundling and power boosting to improve the coverage of lost cost MTC UE. We propose,
Proposal 1: Consider to extend TTI bundling to more UL/DL configurations, especially for UL/DL configuration 2.

Proposal 2: Consider to apply TTI bundling and RLC segmentation together to improve the uplink coverage of MTC UE.
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