3GPP TSG RAN WG1 Meeting #79

R1-145211
San Francisco, USA, 17th -21st November 2014
Agenda item:
6.3.1.1.2
Source:
InterDigital

Title:
Reduced UE complexity for Rel-13 MTC 
Document for:

Discussion

1
Introduction
The Rel-13 WI for low-complexity UE has been approved in the previous RAN plenary [1] which includes further cost reduction, coverage enhancement, and UE battery saving. In [1], the following additional capabilities have been listed to be supported by Rel-13 low complexity UE which is based on Rel-12 low complexity UE:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 

· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.

· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.

· Reduced maximum transmit power.

· The maximum transmit power of the new UE power class should be determined by RAN4 and should support an integrated PA implementation.

· Reduced support for downlink transmission modes.

· The following further UE processing relaxations can also be considered within this work item:

· Reduced maximum transport block size for unicast and/or broadcast signalling.

· Reduced support for simultaneous reception of multiple transmissions.

· Relaxed transmit and/or receive EVM requirement including restricted modulation scheme. Reduced physical control channel processing (e.g. reduced number of blind decoding attempts).

· Reduced physical data channel processing (e.g. relaxed downlink HARQ time line or reduced number of HARQ processes).

· Reduced support for CQI/CSI reporting modes.

In this contribution, we discuss on the listed additional capabilities for Rel-13 low complexity UE.
2
Consideration on Complexity Reduction
Reduced UE bandwidth

It has been agreed that the UE RF bandwidth is limited to 1.4MHz for both uplink and downlink as it can provide the largest cost saving among the reduced bandwidth options studied in the SI. Also, the reduced bandwidth UE should work in all supported system bandwidth. The following options can be further considered to support 1.4MHz RF bandwidth reduction:
· Option-1: the reduced bandwidth is fixed and located in the center for all MTC UE and channels.

· Option-2: the reduced bandwidth is semi-statically/dynamically configurable per UE and/or channel.

· Option-3: the reduced bandwidth is randomly hopping within the system bandwidth over time per UE and/or channel. 
In downlink, the PSS/SSS and PBCH are located in the center 6 PRBs, therefore the reduced bandwidth UE may receive synchronization signals and MIB without any issue in all options. However, the option-1 may result in scheduling restriction even in normal coverage mode since the subframe 0 and 5 contains PSS/SSS which collides with DM-RS. Also, the PBCH is transmitted in the subframe 0 and if the PBCH repetition is used for coverage enhanced mode (CE-mode), the center 6 PRBs in other subframes may be also occupied by PBCH. Therefore, the resources for PDSCH will be limited and the scheduling restriction could be even more significant in the network supporting CE-mode. On the other hand, the option-2 and option-3 may avoid scheduling restriction by configuring the reduced bandwidth out of the center 6 PRBs even though these options may require additional standard efforts including the DC carrier.
In addition to the scheduling restriction, the option-1 may not enjoy the frequency scheduling gain and/or frequency diversity gain. The following figures show the performance of the options according to the channel conditions. For the option-2, the 6 PRBs are selected in a UE-specific manner based on the CSI reporting and the best subband is selected every 200ms. Other details of simulation assumptions are available in the table 1 in Annex.
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 Figure 1. Performance of reduced bandwidth options in EPA according to the number of repetitions.
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 Figure 2. Performance of reduced bandwidth options in ETU according to the number of repetitions.

As seen in the figures, the option-2 performs best in low Doppler frequency as it can fully achieve frequency selective scheduling gain. On the other hand, the option-3 showed robust performance in most of cases especially in coverage enhanced mode using repetitions as it exploits time/frequency diversity gain more efficiently. Based on these observations, if the Rel-13 low-complexity UE is optimized for low Doppler frequency, the option-2 seems to be a proper choice. However, if medium to low Doppler frequency need to be considered for the MTC UE, the option-3 seems to be better than option-2.
Proposal-1: preclude the option with fixed band location for the reduced bandwidth.
Reduced maximum transmit power

The reduced maximum UE transmission power may reduce PA cost while it will be directly interpreted as uplink coverage loss in the link budget calculation. Therefore, without coverage enhancement mode, the Rel-13 low-complexity UE will have smaller cell coverage as compared with that for other UE categories having 23dBm maximum transmission power capability. To keep the same coverage with other UE categories, the coverage enhancement mode should be a mandatory feature for the Rel-13 low-complexity UE having reduced maximum transmission power.
Proposal-2: the CE-mode should be a mandatory feature for the low-complexity UE having the reduced maximum transmit power.
Reduced downlink Tx modes

The cost saving from the reduced transmission mode will be most likely from the channel estimation block as it requires to store all coefficients of channel estimator according to the combination of the Doppler frequency and delay spread assuming that MMSE channel estimation filter is used. Therefore, it could help to reduce the cost by removing either CRS-based transmission mode or DM-RS based transmission mode. Considering that the EPDCCH is a strong candidate as a downlink control channel and it uses DM-RS, it seems to be adequate to support DM-RS transmission mode only since the same channel estimation block can be used for both control and data channels. In this case, EPDCCH common search space can be also introduced with relatively small specification impact by reusing EPDCCH USS building blocks.
Proposal-3: DM-RS based transmission mode is only supported by low-complexity UE. 

3
Conclusion
In this contribution, we discussed on the general consideration on the capabilities added for Rel-13 low-complexity UE. From the discussions, followings are proposed:
Proposal-1: preclude the option with fixed band location for the reduced bandwidth.
Proposal-2: the CE-mode should be a mandatory feature for the low-complexity UE having the reduced maximum transmit power.
Proposal-3: DM-RS based transmission mode is only supported by low-complexity UE. 
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Annex
Table 1. Simulation Assumptions

	Parameter
	Setting

	System bandwidth
	20 MHz

	UE bandwidth
	1.4 MHz

	Frame structure
	FDD

	Simulation length
	50,000 Subframes

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x1, low correlation

	Channel model
	EPA, ETU

	Channel estimation
	Realistic

	Transmission schemes
	Antenna port 7-8 with random precoding

	UE band allocation method
	Option-1: fixed in center 6 PRBs
Option-2: semi-static based on CQI feedback 

Option-3: random frequency hopping

Note: Option-2 uses subband CQI feedback with 200 ms update rate

	PRB bundling for DM-RS
	1 (no bundling)

	Doppler spread
	1Hz for EPA and 30 Hz for ETU

	PDSCH Repetition
	1, 15

	Performance target
	10% BLER

	Performance metric
	BLER (QPSK ½, 16QAM ½,)


