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Abstract

The document provides simulation results comparing the performance of the PDSCH when used to support MTC devices when either NC-PDCCH or ePDCCH also exist in the subframe. PDSCH performance is better when the “Physical downlink control channel for MTC” is based on the NC-PDCCH, since the NC-PDCCH uses less physical resource than the ePDCCH and allows for greater frequency diversity in the PDSCH.
1. Introduction
There are two proposals for the Physical downlink control channel for MTC: an ePDCCH-based downlink control channel and a narrowband control channel based on the PDCCH (NC-PDCCH). The operation of these two proposals has been described in [1], [2]. The ePDCCH needs to be operated in a mode supporting frequency and transmit diversity, hence the ePDCCH has to be operated in a distributed mode.
The narrowband region for MTC spans 6PRBs. The regions of the MTC narrowband region of the subframe that are used neither for transmission of the “Physical downlink control channel for MTC” nor for the legacy control channel region can be used to transmit PDSCH to MTC UEs. Since the NC-PDCCH uses less physical resource than the ePDCCH and because NC-PDCCH leaves a PDSCH region that spans the full 6 PRBs of the MTC narrowband region, it is expected that the PDSCH performance of a subframe containing the NC-PDCCH will be superior to that of a subframe containing the ePDCCH.

This Tdoc quantifies the performance improvement of the MTC PDSCH when the “Physical downlink control channel for MTC” is based on the NC-PDCCH compared to when it is based on the ePDCCH. PDSCH performance is approximately 0.7dB – 1.0dB better when the “Physical downlink control channel for MTC” is based on the NC-PDCCH.
2. Subframe Structures with NC-PDCCH and ePDCCH
This document assumes that the various elements of the LTE subframe use the amounts of resource detailed in Table 1.
Table 1 – Resources used by elements of the LTE subframe, as considered in this document
	Element
	Amount of resource

	Legacy control channel region
	3 OFDM symbols

	NC-PDCCH
	3 OFDM symbols, 72 subcarriers

	ePDCCH
	11 OFDM symbols, 2 × 12 subcarriers

	PDSCH
	Remaining resource


The subframe structure when NC-PDCCH is used is as shown in Figure 1. Each rectangular block in this figure corresponds to a single OFDM symbol and 12 subcarriers. This subframe structure leaves 48 OFDM symbol x 12 subcarrier blocks available for PDSCH. The PDSCH region also spans the full 1.08MHz bandwidth of the MTC narrowband region.
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Figure 1 - subframe structure when NC-PDCCH is used

Two choices for the subframe structure when ePDCCH is supported are considered:

· ePDCCH occupies the extremities of the MTC narrowband region: in PRBs {0,5}. This maximizes the frequency diversity of the ePDCCH, but minimizes the frequency diversity of the PDSCH.

· ePDCCH is centrally located in the MTC narrowband region: in PRBs {2,3}. This choice maximizes the frequency diversity of the PDSCH at the expense of the ePDCCH.

In both cases, the amount of resource left over for support of PDSCH is 44 OFDM symbol x 12 subcarrier blocks. The two choices of subframe structure are shown in Figure 2 and Figure 3.


[image: image2]
Figure 2 - subframe structure when ePDCCH occupies PRBs {0,5}


[image: image3]
Figure 3 - subframe structure when ePDCCH occupies PRBs {2,3}

3. PDSCH Simulation Results

The PDSCH was simulated using the simulation assumptions detailed in Table 2. The simulations apply the same PDSCH transport block sizes to the PDSCH regions in all the simulated cases. The transport block sizes chosen are based on the transport block sizes that could be supported at CQIs 1 to 6 in a Release-8 1.4MHz carrier. 
Table 2 – Simulation parameters
	Parameter
	No MTC control channel
	NC-PDCCH
	ePDCCH

	MTC bandwidth
	1.4MHz
	1.4MHz
	1.4MHz

	Control start symbol (num 0..13)
	N / A
	3
	3

	MTC Control channel resource
	None
	OFDM symbols 3,4,5

PRBs 0 -> 5
	OFDM symbols 3 -> 13

PRBs {0,5} or {2,3}

	Legacy control channel region (symbols)
	0,1,2
	0,1,2
	0,1,2

	PDSCH resource
	OFDM symbols 3 -> 13

PRBs {0,1,2,3,4,5}
	OFDM symbols 6 -> 13

PRBs {0,1,2,3,4,5}
	OFDM symbols 3 -> 13

PRBs {1,2,3,4} or {0,1,4,5}

	PDSCH modulation
	QPSK
	QPSK
	QPSK

	PDSCH transport block sizes
	CQI1: 88 bits

CQI2: 144 bits

CQI3: 248 bits

CQI4: 408 bits

CQI5: 608 bits

CQI6: 824 bits
	88 bits

144 bits

248 bits

408 bits

608 bits

824 bits
	88 bits

144 bits

248 bits

408 bits

608 bits

824 bits

	Number of transmit antennas
	2
	2
	2

	Number of receive antennas
	1
	1
	1

	Antenna correlation
	low
	low
	low

	Channel model
	ETU 1kmph
	ETU 1kmph
	ETU 1kmph

	Channel estimation
	ideal
	ideal
	ideal

	Receiver type
	ML
	ML
	ML


Figure 4 shows the simulated performance of PDSCH for:
· The baseline case (no “Physical downlink control channel for MTC” present); and

· The case when the “Physical downlink control channel for MTC” is based on ePDCCH and occupies PRBs 0 and 5 (i.e. the ePDCCH has maximum frequency diversity and the PDSCH has minimum frequency diversity). The subframe structure is as shown in Figure 2.
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Figure 4 – PDSCH performance with and without ePDCCH: ePDCCH uses PRBs {0,5}

Figure 5 is an equivalent plot to Figure 4, but shows the case where the ePDCCH occupies PRBs {2,3} – see Figure 3. This case provides maximum frequency diversity for the PDSCH, but the frequency diversity of the ePDCCH is constrained. 

The performance of PDSCH in this case is slightly better than for the case where ePDCCH occupied PRBs {0,5}: due to the extra frequency diversity available to PDSCH in this case. Note however that the performance of ePDCCH is impaired in this case.
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Figure 5 – PDSCH performance with and without ePDCCH: ePDCCH uses PRBs {2,3}

Figure 6 shows the simulated performance of PDSCH for the baseline case and for the case where NC-PDCCH is also present within the subframe (see the subframe structure of Figure 1).
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Figure 6 – PDSCH performance with and without NC-PDCCH: NC-PDCCH uses 3 OFDM symbols

4. Comparison of PDSCH Performance with NC-PDCCH and ePDCCH

Figure 7 collates results from Figure 4, Figure 5 and Figure 6, showing the BLER vs SNR performance of PDSCH for a 408 bit transport block size (corresponding to the baseline case of CQI4, and a 50 byte payload) for the cases of:

· PDSCH sharing the subframe with NC-PDCCH (see the subframe format of Figure 1)
· PDSCH sharing the subframe with an ePDCCH, where the ePDCCH occupies PRBs 0 and 5 (see the subframe format of Figure 2)

· PDSCH sharing the subframe with an ePDCCH, where the ePDCCH occupies PRBs 2 and 3 (see the subframe format of Figure 3)
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Figure 7 – Comparison of PDSCH performance in the same subframe as NC-PDCCH or ePDCCH

Based on the performance results in this figure, Table 3 summarises the performance loss of the PDSCH when it shares a subframe with ePDCCH, compared  to the NC-PDCCH case. There is a performance loss when ePDCCH exists in the subframe, since the ePDCCH uses more physical resource than the NC-PDCCH and impairs the frequency diversity available to the PDSCH. When the maximum frequency diversity is applied to the ePDCCH, less frequency diversity is applied to the PDSCH and PDSCH performance is further impaired.

Table 3 – Performance loss of PDSCH with various ePDCCH configurations

	PRBs used by ePDCCH
	PRBs used by PDSCH
	Performance loss wrt NC-PDCCH

	{2,3}
	{0,1,4,5}
	0.7dB

	{0,5}
	{1,2,3,4}
	1.0dB


Based on Table 3, the following observation is made:

Observation: PDSCH performance is at least 0.7dB worse when it shares a subframe with ePDCCH than when it shares the subframe with NC-PDCCH.
Figure 8 collates results for both PDSCH performance and NC-PDCCH / ePDCCH. The NC-PDCCH / ePDCCH results use the simulation assumptions defined in [4] and are compatible with the simulation assumptions of Table 2. The NC-PDCCH / ePDCCH transmits DCI0 using format 1 (2CCEs).
The figure shows the following:

· it confirms that the number of OFDM symbols chosen for the NC-PDCCH in Table 2 is consistent with the PDSCH format (a 2CCE NC-PDCCH can be supported in less than 3 OFDM symbols in 6PRBs), since the NC-PDCCH operates at a BLER of 1% at a lower SNR than the SNR required for the PDSCH to operate at a BLER of 10%

· Use of a more frequency diverse ePDCCH improves ePDCCH performance, but impairs PDSCH performance: and vice versa
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Figure 8 – Combined performance comparison of PDSCH and NC-PDCCH / ePDCCH
5. Conclusion
This document has compared the performance of PDSCH for the cases when the MTC narrowband region is allocated using an NC-PDCCH and for the case when it is allocated using ePDCCH.
It has been shown that in an ETU channel, the performance of PDSCH allocated by ePDCCH for MTC is between 0.7dB and 1.0dB worse when allocated by ePDCCH than for the case when it is allocated by NC-PDCCH.
It has also been shown that the SNR performance of the NC-PDCCH is superior to that of the ePDCCH for MTC.

Hence it is proposed that the “Physical downlink control channel for MTC” is based on the NC-PDCCH.
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