
3GPP TSG RAN WG1 Meeting #72
  R1-130353
St Julian’s, Malta, 28th January – 1st February 2013
Source:
China Telecom
Title:
Discussion on coverage improvement for MTC
Agenda Item:
7.3.4
Document for:
Discussion
1.  Introduction
At RAN #56, some concerns on coverage issues were raised for the completion of SI “Provision of low-cost MTC UEs based on LTE”. Hence, an updated SID focusing on coverage improvement aspects was proposed and approved at RAN #57 [1]. At RAN1 #71, the potential technical solutions were discussed as in [2] and as follows. 
· 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)

In this contribution, we firstly provide the evaluation results on repetition based on the simulation assumptions aligned after RAN1 #71, and discuss the related system impacts. After that, the overall potential solutions for MTC coverage improvements are discussed, including network and standardization impacts. 
2. Performance evaluation and system impacts of repetition
2.1. Performance evaluation and discussion 
Repetition is one of the straightforward techniques for MTC coverage improvement, and the gain depends on the repetition number which is limited by the latency requirements for the traffic.

In Table I, the traffic models for MTC coverage improvement are summarized based on [3]. The two latency sensitive scenarios in Table I are scenario A and B, for which the maximum one-way latency requirement is about 5 seconds. In addition, according to the evaluation assumptions discussed by email after last RAN1 meeting and shown in the appendix, taking PUSCH for example, the transmission block size is set to 16 bits and MCS0/1PRB is employed. In that sense, at most 100 repetitions are allowed for each transmission block in order to satisfy the requirements of transmission of 100 bytes with latency tolerance of 5 seconds. 
Figure 1-2 show the performance comparisons between the cases without and with repetition for MTC PUSCH/PDSCH, in which the simulation assumptions in appendix are used and the repetition number is 100 in case with repetition.  In theory, the repetition gain can reach about 20dB with the repetition number of 100, however, from the evaluation results it can be seen that the practical gain is reduced to about 12 -15 dB due to some practical conditions, e.g., practical channel estimation error. 
In addition, as email discussion after last RAN 1, the baseline for comparison could be used with 20 kbps traffic as TR 36.888 [4] (required SINR of -4.3dB for PUSCH and -4.0dB for PDSCH). If so, it can be seen that there is still some gap in terms of the coverage gain towards target of 20dB based on the simulation results.

Table I. Traffic model for MTC coverage improvement
	
	Uplink
	Downlink

	
	Scenario A: Command-response traffic (triggered reporting)
	Scenario B: Exception reported by WAN module
	Scenario C: Periodic reports or Keep alive
	Scenario A: Command-response traffic (triggered reporting)
	Scenario B: Exception reported by WAN module
	Scenario C: Periodic reports or Keep alive

	Information 
	For response
	Exception report
	Periodic reports
	For command
	-
	-

	Size of packet
	~100 bytes
	~100 bytes
	~100 bytes
	~100bytes
	-
	-

	Latency tolerance
	· 10 seconds (downlink and uplink)

· ~5 seconds for uplink
	3-5 seconds
	not sensitive to latency (e.g. tolerance of 1 hour)
	· 10 seconds (downlink and uplink)

· ~5 seconds for downlink
	-
	-
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Figure 1. Performance comparison for PUSCH
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Figure 2. Performance comparison for PDSCH
Furthermore, some other issues have not been considered in the evaluation of repetition and the performance gain may be reduced when they are considered in practical systems. 
· In the evaluation of repetition, RLC segmentation is actually assumed and, taking PUSCH for example, each 100-bytes packet is split into 500 small packets, i.e., PDUs, with 16 bits each PDU transmitted with MCS0/1PRB. However, the overhead of RLC/MAC header for RLC segmentation is not taken into account in the simulation. In other words, to accommodate the practical overhead and satisfy the requirement of packet size and latency, the transmission block size will have to be increased or the maximum repetition number for each transmission block to be reduced, and correspondingly the coverage gain will be reduced compared to the results in Fig above. 
· The repetition gain above is measured based on QoS target of 10% iBLER for each PDU before combining rather than the whole packet. However, if considering the possibly more reasonable BLER target for the whole packet after PDU combining, more strict BLER target will be needed for each PDU in repetition, and correspondingly the coverage gain will be further reduced. 
2.2. System impacts

Besides the performance evaluation for coverage improvement, the system impacts from the repetition need to be considered carefully, 

· The impact on the performance of normal LTE UEs due to that large amount of resource are occupied for repetitive transmission
· Potentially increased implementation complexity, e.g., significantly increased buffer size for storing the received data of multi-subframe, which could be more challenging for MTC UE from cost reduction point of view. In addition, if joint channel estimation over multi-subframe is employed, additional complexity would be introduced as well.
· Higher power consumption due to repetitive transmission, which would also be challenging for MTC UEs.
Based on the evaluation and discussions above, we have following observations,

Observations

· Repetition is useful for coverage improvement for data channels, but may not be sufficient for target of 20dB gain for MTC UEs.
· Besides coverage gain, additional impacts due to repetition, e.g., impact on normal LTE UEs, system complexity, and power consumption, need to be investigated carefully.
3. Discussion on overall potential techniques
Besides repetition, some other techniques have been discussed in last RAN1 meeting. In this section, we discuss more details on these techniques for the overall system coverage improvement, including the possible design, benefit and potential standardization/network impact.
Repetition/retransmission/spreading/low rate coding 
These solutions can obtain potential coverage improvement by accumulating more receiving energy, especially for DL/UL data channel. Taking repetition/retransmission as an example, 10log10(N) dB coverage improvement could be obtained theoretically, with the maximal number of repetition /retransmission set to be N.
Besides data channels, repetition can also be applied for other channels potentially. 
· For PUCCH, the same UCI can be repeated in multiple contiguous/non-contiguous subframes. Some standardization impacts, e.g., timing and new eNB/UE behavior will be introduced to support PUCCH repetition. 
· PBCH can achieve the coverage gain through repetition. In current LTE specification, PBCH TTI equals to 40ms, and the coded PBCH transport block is mapped to the first subframe of each frame in four consecutive frames. To acquire sufficient energy accumulation for correct decoding of PBCH for cell-edge MTC UEs, more OFDM symbols and subframes can be used for PBCH transmission and combining within 40ms. 
· One thing should be noted is that even though repetition can be used for coverage improvement for multiple channels, it is not a simple extension and special design for different channel is still needed.
Regarding retransmission, in current LTE specification, there is no explicit limitation for maximum HARQ retransmission number for DL and it can be left for implementation. The maximum HARQ retransmission number for UL is 28, and it can be further extended targeting for larger coverage gain. As discussion in last section, the maximum coverage gain may be limited by the latency tolerance of the traffic, meanwhile, for MTC UEs at such low SNR region, the transmission error of ACK/NACK will decrease the HARQ benefits.

Spreading and low rate coding can also provide the benefit for coverage gain. Introduction of a lower MCL level than current LTE could be beneficial to increase the coverage for very small data packet for MTC UEs. Some potential standardization impacts will include rate matching design, signaling related to MCS, and TBS table definition, etc. Such low rate coding will potentially reduce the accuracy of channel coding, which needs further evaluation. With RLC segmentation, MTC traffic packets could be segmented into smaller packets. The resulting smaller packets can then be transmitted through multiple separate HARQ processes and lower MCS for coverage improvement. However, as RLC/MAC header and CRC bits are attached to each RLC PDU, RLC segmentation could bring additional overhead.
Power boosting

Power boosting could be one of the common solutions to improve coverage for all the DL channels. Note that the power difference between REs should be kept within the limits set by the RF requirements, e.g., the ratio between the maximal power of an RE and the average RE power should be no more than 4dB for PDCCH, and no more than 3dB for PDSCH respectively [5]. Moreover, the transmit power of an OFDM symbol could not exceed the maximum output power of the BS. In that sense, the performance of other normal LTE UEs will be potentially degraded due to decrease of transmission power. 
According to the evaluation for repetition in last section, in such low SNR region for MTC UEs, channel estimation error will cause great performance reduction. Therefore, RS power boosting is a potential solution to solve this problem to some extension. 
Relaxed requirement

The cell search time for successful detection of PSS/SSS will be much increased for MTC UEs with large path loss. However, the existing cell identification delay requirement may not be satisfied, and more relaxed delay requirement for cell search needs to be defined for MTC UEs.
Relay/repeater/meshes/site densification
Site densification with small nodes, e.g., relay/repeater/pico/RRH could be one way to enhance the coverage and for the coverage dead zone. Since MTC UEs are more close to small nodes than a Macro site, the signal strength between small nodes and UEs could be much better than that between Macro and UEs. If sufficient coverage gain can be identified, it can save much effort for new designs for multiple channels, and the impacts on overall system will also be much reduced. 
External antennas/advanced receiver
Multiple antennas and advanced receiver, e.g., IRC, can bring significant coverage benefit as discussed in [6]. Moreover, the techniques only need implement efforts rather than standardization efforts and will benefit most of the physical channels.
Based on the discussions above, we can observe the two directions for MTC coverage improvements,

· Per-channel optimization. In this case we need to optimize and enhance each channel separately. The solutions of enhancements for different channel could be similar or different. But even though they are similar in principle, with the different structure for different channel in LTE, it cannot be realized by simple extension, and special design for different channel is still needed. In this sense, huge standardization efforts may be needed. 
· Common solutions. In this case, separate optimization and enhancement for each channel is not needed, and the coverage can be improved through common solution, e.g., deployment-level and/or system-level solutions. Compared to per-channel optimization, the standardization impacts are much reduced, and these common solutions could be treated as the starting point for the investigation to avoid the risk that the scope is too extensive and no results could be achieved finally.
In summary, our observations and proposal are as follows,
Observations
· Compared to data channels, the enhancement for control channels are more challenging for coverage improvement.
· Per-channel optimization may need huge standardization efforts, which needs to be carefully considered in SI investigation.
Proposal

· Strive for some common solutions beneficial for all channels and with less standardization impact firstly
4. Conclusions

In this contribution, we provided the evaluation results and discussions on potential coverage improvement techniques for MTC. Our observations and proposal are as follows:
Observations

· Repetition is useful for coverage improvement for data channels, but may not be sufficient for the target of 20dB gain for MTC UEs.
· Besides coverage gain, additional impacts due to repetition, e.g., impact on normal LTE UEs, system complexity, and power consumption, need to be investigated carefully.

· Compared to data channels, the enhancement for control channels are more challenging for coverage improvement.

· Per-channel optimization may need huge standardization efforts, which needs to be carefully considered in SI investigation.

Proposal

· Strive for some common solutions beneficial for all channels and with less standardization impact firstly.
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Appendix
Table II. Simulation assumptions on PUSCH for repetition

	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD 

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1x2, low correlation

	Channel model
	EPA

	Doppler shift
	2Hz

	MCS 
	0

	Number of allocated UL PRBs
	1

	Transmission mode
	TM1

	Frequency error
	100Hz

	Performance target
	10% iBLER

	Channel estimation
	Real Channel estimation per subframe


Table III. Simulation assumptions on PDSCH for repetition

	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz 

	Antenna configuration
	2x2, low correlation

	Channel model
	EPA

	Doppler shift
	2Hz

	MCS 
	0

	Number of  allocated DL PRBs
	6 

	Transmission mode
	TM2

	Frequency error
	100Hz 

	Performance target
	10% iBLER

	Channel estimation
	Real Channel estimation per subframe








5

