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Introduction
In RAN1 #76bis meeting, the PRB restriction for low-cost UE was discussed and some progress was made during the meeting. Also, the remaining issues for the new UE category definition were listed up in the RAN1 chairman’s note as following [1]:
Conclusion:

· FFS until RAN1 #77 focusing on at least the following issues:

· Whether or not there is any need/benefits to change PDCCH search space and DCI sizes

· Impact, if any, on ACK/NAK resource allocation

· Whether or not Cat. 0 UEs can be served by eNBs without knowledge of Cat. 0 UEs, and if so, any issues

· Whether or not simultaneous unicast and broadcast is allowed (depending on whether or not there is a decision in RAN2 or not)

· Transmission mode(s) supported by Cat. 0 UEs

· Whether or not EPDCCH is supported

· Whether or not SPS is supported

· Issues, if any, on coverage for TDD with Cat. 0 UEs

· Details of Category 0 to be incorporated into 36.306

In this contribution, we discuss on the remaining issues to finalize the new UE category definition for LC-MTC UE. 
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Remaining Issues
As a part of the cost reduction for Cat-0 UE, the number of receiver RF chain will be reduced to one so that the receiver diversity at the Cat-0 UE receiver is not available, which may result in downlink coverage loss up to 4dB as compared with that for other category LTE devices having two receiver RF chains. Assuming that Cat-0 UE and other category UEs are coexisted in a cell, an eNB scheduler needs to target the worst downlink coverage case for RAR and/or paging transmission since the eNB may not be possible to differentiate the UE categories before the RAR and paging transmission. The table 1 shows the required number of PRB for one or more RAR messages targeting 1% BLER at -4dB SNR and the details of simulation assumption are listed in table 2 in the Appendix. As seen in the table, the Cat-0 UE having a single Rx requires more than double number of PRB resources to receive the same amount of RAR messages which seems to result in inefficient resource utilization especially in the case that the population of Cat-0 UE in a cell is relatively low. The same logic may apply for the paging transmission as well at it also needs to target the worst downlink coverage UE. Given this observation, it is preferable to inform eNB scheduler that which RAR and/or paging messages belongs to Cat-0 UE before the transmission so that the eNB scheduler may avoid unnecessary resource waste due to the coexistence of Cat-0 UE and other category LTE UEs in the network. 
Table 1. the required number of PRBs for RAR message transmission

	Channel
	Number of Rx antennas
	Number of RAR messages transmitted

	
	
	1
	2
	4
	8

	EPA
	1
	30
	48
	n/a
	n/a

	
	2
	12
	18
	26
	36

	ETU
	1
	22
	36
	n/a
	n/a

	
	2
	8
	12
	18
	26


Proposal-1: support Cat-0 UE indication for RAR and/or paging transmission
The DM-RS based transmission mode (e.g. TM-9) has been introduced to improve beamforming gain as well as to reduce CRS overhead by utilizing MBSFN subframe for PDSCH transmission. Therefore, if Cat-0 UE only supports CRS-based TM mode which may result in scheduling restriction for Cat-0 UE if a network fully utilizes MBSFN subframes for PDSCH transmission, or the network may have a restriction to configure MBSFN subframe for PDSCH transmission. In addition, the benefit of not supporting DM-RS based transmission mode in terms of cost reduction seems to be insignificant as the DM-RS channel estimator, which may be reused for EPDCCH demodulation as well, is only required to be implemented additionally at the UE receiver to support DM-RS based transmission mode. Therefore, it seems to be appropriate to support DM-RS based TM mode for Cat-0 UE.    
Proposal-2: DM-RS based TM mode (e.g. TM-9) is supported by Cat-0 UE 

The EPDCCH has been introduced in Rel-11 in order to increase downlink control channel capacity as well as the performance by exploiting frequency domain ICIC and beamforming gain. Considering that the Cat-0 UE is used to replace the MTC devices in GSM network, the population of this Cat-0 UE in a cell could be dominant in cell. Therefore, blocking probability could become significantly higher as the legacy PDCCH capacity is limited even though the data traffic for these types of MTC device is small and infrequent. Therefore, supporting EPDCCH may provide more scheduling flexibility to the eNB scheduler to minimize the downlink control channel blocking probability. In addition, unused EPDCCH resource may be reused easily for PDSCH transmission. Therefore, it seems to be straightforward to support EPDCCH for Cat-0 UE as an option as other UE categories. 
Proposal-3: EPDCCH is supported for Cat-0 UE as same as other UE categories
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Conclusion
In this contribution, we discussed on the remaining details of Category 0 UE definition. From the discussions and observations, we propose followings:
Proposal-1: support Cat-0 UE indication for RAR and/or paging transmission

Proposal-2: DM-RS based TM mode (e.g. TM-9) is supported by Cat-0 UE 

Proposal-3: EPDCCH is supported for Cat-0 UE as same as other UE categories
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Appendix
Table 2. RAR link simulation parameters

	Parameter
	Values

	Number of subframes
	50000

	System bandwidth
	10 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	2x1, 2x2 (low correlation)

	Channel model
	EPA, ETU

	Channel code
	Turbo code

	Doppler spread
	1 Hz

	Transport block size
	{1, 2, 4, 8} * 56 bits + 24bit CRC

	Number of transmissions
	1

	HARQ retransmissions
	OFF

	Channel estimation
	Practical


