3GPP TSG RAN WG1 Meeting #72bis

R1-131119
Chicago, USA, 15th – 19th April 2013
Source:
New Postcom
Title:
Downlink Coverage Improvements and Evaluation for Low Cost MTC
Agenda Item:
7.2.4.1
Document for:
Discussion and Decision
1. Introduction
Based on previous discussion, there are some proposals for coverage enhancement. In this contribution, we will analyze possible candidate solutions for downlink physical channels and give out the evaluation results.
2. Solutions and evaluations for downlink physical channels 
2.1. Evaluation of PSS/SSS

As has been agreed in RAN1#72, PSD boosting , Relaxed requirement and Design new channels/signals can be used for PSS/SSS, while the loosen acquisition time has minor impacts on specification. in order to confirm the longer acquisition time exactly, we simulated the initial acquisition time for PSS at the condition of SNR=-20dB. The simulation assumptions are listed in Table 1 in annex.
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Figure 1. Simulation results of PSS detection probability with loosen acquisition time
From the above figure, 300ms of accumulation time can achieve 90% detection probablility,that can satisfy the performance reqirment for MTC UE.

Proposal 1: PSS/SSS coverage enhancements can be achieved by longer acquisition time according to the simulation.
2.2. Evaluation of PDSCH
For PDSCH, there are more measures to consider. PDSCH is adaptive to channel fluctuation and can flexibly utilize the radio resource including adaptive MCS scheme, transmission mode, RB number allocated etc. To increase its decoding performance when penetration loss exists, a potential candidate method is to decrease its code rate by allocating more resources, using lower order modulation scheme and making RLC segments. This type of solutions needs few specification work and mainly dependant on implementation.
For the common solution, repetition in time domain, it can be embodied by downlink TTI bundling and repetition. A possible way is like this, firstly one PDSCH transmission is repeated X times with the 1st RV, and then the next RV is repeated X times again, and then the 3rd RV and 4th RV sequentially. The other alternative way is to bundle the 4 RV firstly and then transmit X times. No matter which way is used, they are all leveraging the time domain redundancy to guarantee the decoding performance in scenarios of large path or penetration loss. Its obvious side effect is the impact on HARQ operation. 

In order to evaluate the gain of repetition/TTI bundling, the two solutions are simulated, and the simulation assumptions are listed in Table 2 in annex.   

Solution A: Each PDSCH transport block is repeated by x times with the same RV(Redundancy Version), and then the second RV is repeated by x times, and then the 3rd version and 4th version sequentially.

Solution B: Firstly we make TTI bundling (bundle size is 4), then the bundled TTIs are repeated by x times. 
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Figure 2. Simulation results of repetition/TTI bundle on PDSCH
From the simulation results, the following items are observed:

· Solution A and Solution B has minor difference 

· At the extreme coverage like SINR=-28dB, around 64 times of repetition can achieve the performance target (10% iBLER)
Even though the results may be different if the simulation assumptions are changed (e.g. different TBS, different channel estimation, modulation etc…), basically we think repetition/TTI bundling is an effective way for MTC coverage enhancement.
Proposal 2: Repetition/TTI bundle is a basic way for MTC UE in extreme coverage for PDSCH, and other solutions can also be combined, including decreasing code rate and PSD boosting. 

2.3. PDCCH
PDCCH can leverage different aggregation level based on varied radio channel. Higher aggregation level can decrease DCI code rate and therefore improve its decoding performance. It is applicable also for coverage enhancement. Another point is ePDCCH has been developed since R11. EPDCCH improves PDCCH capacity with more available time and frequency resources and mitigate interference via frequency domain ICIC. Although ePDCCH is lack of supporting CCS and cannot work standalone independent of legacy PDCCH，it is still an ideal solution for MTC coverage enhancement since MTC is also in study phase.

Proposal 3: Higher aggregation level and ePDCCH are candidates for PDCCH coverage enhancement.

2.4. Common solutions

Coverage enhancement for downlink physical channels, PDCCH/PDSCH/PBCH/SCH/ etc., should consider each channel’s specialty for their special physical layer processing such as different time/frequency resource allocation, multi-antenna configuration, requirement for SINR, UE-specific or not. However, it is not excluded to find out and discuss some common schemes. 
· Power boosting

Coverage enhancement for MTC equipments are mainly from penetration loss. Power boosting is the most easy and simple measure to improve coverage and can directly compensate penetration or path loss. But there are some possible limitations to consider. 

A） One point to note is that the requirement for coverage enhancement is only needed for part of the MTC equipments, and is likely to only account for small ratio to whole cell’s UEs. And power boosting would improve the whole cell coverage and therefore impact the network planning, and for example, power boosting may result in unexpected breath effect and network load fluctuation. 

B） Another limitation is that it’s not applicable to apply power booting for those MTC equipments located in the cell edge area, and this is because there is no more power headroom for coverage edge UEs.

So power boosting should be only targeted to those MTC equipments requiring coverage enhancement. For A), PDSCH is UE-specific and possible to apply power boosting. But for other channels, group UEs’ physical channel are usually mixed together and hardly to adjust individual power. For example, all cell UEs’ PDCCHs are interleaved in the whole system bandwidth, and PBCH/PSS/SSS are cell specific and unable to differentiate between target MTC equipments and normal UEs. 
Proposal 4: Power boosting is a common scheme to improve coverage for MTC equipments, but there are some limitations, it is left to implementation to decide which methods are adopted . 

Besides above solutions possibly valid for all downlink channels, it is necessary to study special schemes for each channel. Because 20dB coverage enhancement of certain channel would become a very challenging task if only one single scheme was applied. It is also beneficial to improve the network side except for MTC equipments side, e.g. denser network deployment or external antenna etc...
Proposal 5: Multiple solutions should be combined together to achieve coverage enhancement if one single measure cannot meet enhancement requirement. Network side improvement, such as denser network and external antenna, which are valuable complementary measure as well.

3. Conclusions
In this contribution, we analyzed and evaluated several solutions including common and special for each downlink channel. Our proposals are as following.
Proposal 1: PSS/SSS coverage enhancements can be achieved by longer acquisition time according to the simulation
Proposal 2: Repetition/TTI bundle is a basic way for MTC UE in extreme coverage for PDSCH, and other solutions can also be combined, including decreasing code rate and PSD boosting. 

Proposal 3: Higher aggregation level and ePDCCH are candidates for PDCCH coverage enhancement.

Proposal 4: Power boosting is a common scheme to improve coverage for MTC equipments, but there are some limitations, it is left to implementation to decide which methods are adopted .
Proposal 5: Multiple solutions should be combined together to achieve coverage enhancement if one single measure cannot meet enhancement requirement. Network side improvement, such as denser network and external antenna, which are valuable complementary measure as well.
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ANNEX

Table 1 simulation assumption for PSS
	Parameters
	Value

	System Bandwidth
	10MHz

	Frame structure
	TDD

	Carrier frequency
	2.6 GHz

	Antenna configuration
	2x2, low correlation

	Channel model
	EPA

	Doppler spread
	1 Hz

	Frequency error
	1kHz

	SNR
	-20 dB

	Performance target
	10% miss probability


Table 2 simulation assumption for PDSCH
	Parameters
	Value

	Number of RBs
	6

	Frame structure
	TDD

	Antenna configuration
	2x2 

	TB Size
	152bits

	Channel model
	EPA

	Speed
	3km/h

	Transmission Mode
	TM2 SFBC

	Modulation
	QPSK

	Carrier frequency
	2.6GHz 

	Repetition times
	4 8 16 32

	Performance target
	10% miss probability


Notes: The other parameters consist with the assumptions agreed in RAN1#72.
