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1. Introduction
RAN1 has agreed the necessary mechanisms to support cross-subframe channel estimation on M-PDCCH via the following agreements:

RAN1#80bis and RAN1#81 agreement:
· Within subframes for M-PDCCH transmission for UEs operating coverage enhancements, 

· The UE may assume the same precoding matrix per antenna port applies at least on the same PRB for at least X subframes.

· X value and indication are FFS

· This does not preclude dis-continuous transmission for the M-PDCCH

· FFS: The UE may assume the same precoding matrix per antenna port applies on a PRG for at least X subframes.

· FFS: Details on PRG size

According to this agreement, it is FFS whether cross-PRB channel estimation is also supported on M-PDCCH. This document considers performance and complexity issues related to the support of cross-PRB channel estimation.
In coverage enhancement modes, the link operates at low signal to noise ratios and the residual frequency offset (or frequency tracking error) at the UE can be large (e.g. 240Hz RMS residual frequency offset at the -14.3dB operating point for high levels of coverage enhancement) [7]. At high levels of residual frequency offset, cross-subframe channel estimation is ineffective and leads to a loss in performance (since the effective channel is inconsistent between subframes). In comparison, cross-PRB channel estimation is not susceptible to residual frequency error (since the channel estimates for all PRBs are affected by the same phase error). Cross-PRB channel estimation is hence a useful technique for reaching the coverage enhancement target of 15dB in eMTC.
2. PRB Bundling Performance
The performance of cross-PRB channel estimation was simulated in EPA with the simulation assumptions detailed in Appendix A. The simulated performance is shown in Figure 1. Simulations were performed with a repetition number of 16 since the coverage enhancement objective can be achieved with this number of repetitions.
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Figure 1 – Performance of cross-PRB channel estimation in EPA
Based on the performance results of Figure 1, the following observations are made:

· Cross-PRB channel estimation can provide a gain of up to approximately 2.5dB. This gain is in addition to the gain provided by cross-subframe channel estimation.

· PRB bundling enables a cross-PRB channel estimation gain whether precoder cycling is applied or not.

· Precoder cycling provides additional gain when PRB bundling is applied.

· The coverage enhancement target of 15dB (SNR = -14.3dB) can be achieved when cross-PRB channel estimation is used for a 10 bit DCI format when an 8 bit CRC is applied to an M-PDCCH that is repeated approximately 16 times.

Gains for cross-PRB channel estimation in EPA (a reasonably flat fading channel across a 1.4MHz bandwidth) were also observed in [1], [2], [3], [4].

In frequency selective channels, the gain of cross-PRB channel estimation is less (and dependent on the channel estimation algorithm). When the eNodeB supports PRB bundling, the UE does not necessarily need to perform cross-PRB channel estimation. The UE can fairly straightforwardly determine whether it is operating in a frequency selective channel or not by performing measurements on CRS or DMRS. This determination does not have to be performed every subframe, since the channel will not change rapidly from being of a “frequency selective type” to a “frequency flat type”.
Cross-PRB bundling has been shown to provide a gain for large coverage enhancement. At large coverage enhancement, only AL24 (with the possible addition of AL16) should be supported. When only AL24 or AL16 are supported, cross-PRB does not impact UE complexity [5].
Cross-PRB channel estimation also provides a gain in normal or small coverage enhancement cases, however there are UE potential complexity impacts [5] when multiple small aggregation levels are supported.

Based on the previous complexity implications, it may be appropriate to only support cross-PRB bundling in CE Mode B, i.e. only in large coverage enhancement cases.

Based on the above observations, the following proposals is made:

Proposal: In CE Mode B, cross-PRB channel estimation is supported for M-PDCCH through maintaining the same precoding weight vector across 3 PRBs.

This proposal can be captured with the following possible agreement in RAN1:

Within subframes for M-PDCCH transmission for UEs operating in CE Mode B,

· The UE may assume the same precoding matrix per antenna port applies on a PRG, of size Z PRBs, for at least 1 subframe.

· FFS: Z = 3 or configurable  
3. Conclusion
This document has considered the performance benefits of supporting cross-PRB channel estimation for M-PDCCH, through PRB bundling. The following observations were made:

· Cross-PRB channel estimation can provide a gain of up to approximately 2.5dB. This gain is in addition to the gain provided by cross-subframe channel estimation.

· PRB bundling enables a cross-PRB channel estimation gain whether precoder cycling is applied or not.

· Precoder cycling provides additional gain when PRB bundling is applied.

· The coverage enhancement target of 15dB (SNR = -14.3dB) can be achieved when cross-PRB channel estimation is used for a 10 bit DCI format when an 8 bit CRC is applied to an M-PDCCH repeated 16 times.

Based on these observations and the observation that cross-PRB channel estimation does not impact UE complexity in large coverage enhancement cases, the following proposal is made:

Proposal: In CE Mode B, cross-PRB channel estimation is supported for M-PDCCH through maintaining the same precoding weight vector across 3 PRBs.
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Appendix A: Simulation Assumptions

Table 1 lists the simulation assumptions applied in this document. These simulation assumptions are based on those in [7].
Table 2 – Simulation Assumptions for M-PDCCH Channel Estimation Combining
	Parameter
	Distributed M-PDCCH

	MTC bandwidth
	1.4MHz

	System bandwidth
	10MHz

	Legacy control region
	3 symbols

	M-PDCCH type
	Distributed

	Aggregation level
	24 

	M-PDCCH set size
	6 PRB

	Precoding diversity
	Random beamforming using orthogonal precoding weight vectors
Precoding cycling applied between PRGs

	DCI payload size (including CRC)
	Mainly 21 + 16 = 37 bits
Also DCI = 10 bits and CRC = 8 bits simulated

	Repetition level
	16

	Number of transmit antennas
	2

	Number of receive antennas
	1

	Antenna correlation
	low

	Channel model
	EPA

	Channel speed
	0Hz

	Carrier frequency
	2GHz (FDD)

	Frequency tracking error
	100Hz

	Symbol timing accuracy
	Perfect

	Inter-subframe frequency hopping
	FH across 4 equally spaced narrowbands

	Inter-subframe channel estimation
	4 subframe cross-subframe

	Inter-PRB channel estimation
	1 / 2 / 3 / 6 PRB

	Number of CRS ports
	2

	Reference symbols
	DMRS on antenna ports 107, 109

	Channel estimation
	LS: channel estimates averaged across a PRB

	CSI-RS
	No CSI-RS in subframe

	MBSFN subframes
	Non-MBSFN subframes
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