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1
Introduction
Category-0 UE will have the following features –

· 1 Rx antenna.

· Maximum TBS of 1000 bits of unicast traffic (UL/DL) and maximum TBS of 2216 bits for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI.
In this contribution, we discuss details of Category-0 UE with respect to simultaneous reception and transmission modes. 
2
Simultaneous Reception
According to 36.302, it is mandatory for a UE to be able to receive the following combinations –

· PBCH + [PDCCH+PDSCH] using SI-RNTI + [PDCCH+PDSCH] using P-RNTI in RRC_IDLE

· PBCH + [PDCCH+PDSCH] using SI-RNTI + [PDCCH+PDSCH] using RA-RNTI/C-RNTI in RRC_CONNECTED

For low-cost MTC UE category, if simultaneous reception is not allowed, then the main impact will be to latency as the UE must wait until the next transmission of missed information. It may also be difficult for the network to avoid simultaneous transmission of common messages and unicast data. So it may not be possible to avoid this situation using implementation means such as scheduling restriction.
Proposal 1: Category-0 UE supports simultaneous reception of physical channels as specified in TS 36.302.
3
Transmission Modes
TM restriction has been proposed as a possible way to further reduce cost and decrease UE complexity.  Table 4 compares downlink cell and cell-edge spectral efficiencies for the different transmission modes and number of eNB Tx antennas.  The results shown are for Cat-0 UE with 1 Rx antenna, therefore there is no spatial multiplexing support in the downlink.  As a result, TM 2 and 3 are equivalent, as are TM 4 and 6. The difference between TM 9 and TM4/TM6 is only the overhead (TM9 considers additional 12 RE for DMRS). Only wideband scheduling is used.
Table 4.  Downlink spectral efficiency comparison (FDD, ITU UMa) – Cat-0 UE. 
	No of eNB       Tx antennas
	Transmission Mode
	Cell spectral efficiency

(b/s/Hz)
	Cell-edge spectral efficiency

(b/s/Hz)

	2
	2,3
	0.832
	0.022

	
	4,6
	0.905
	0.027

	
	9
	0.815
	0.024

	4
	2,3
	0.790
	0.019

	
	4,6
	1.110
	0.032

	
	9
	1.000
	0.029


From the table, it is seen that there is a loss of capacity on the downlink going from TM4 to TM2.  With 2Tx antennas, the loss is 8% for the cell and 19% for the cell-edge.  With 4 Tx antennas at the eNB, the loss is even greater at 29% for the cell and 40% for the cell-edge. Note that for FDD, there is a performance loss for TM9 compared to TM4. However, for TDD, TM9 is expected to provide better performance especially with large number of eNB Tx antennas. Therefore, it is proposed that Cat-0 UE supports the same transmission modes as Cat-1 UE.
Proposal 2: Category-0 UE supports the same mandatory transmission modes as Category-1 UEs.
4
Conclusions
In this contribution, the following proposals are made –
Proposal 1: Category-0 UE supports simultaneous reception of physical channels as specified in TS 36.302.
Proposal 2: Category-0 UE supports the same mandatory transmission modes as Category-1 UEs.
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