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1. Introduction
When coverage extension is applied to MTC channels, it has been observed by many companies that allowing for improved channel estimation can improve the performance of MTC channels by up to 3dB [1]
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Two methods for improved channel estimation have been identified: cross subframe channel estimation and cross-PRB channel estimation. Both techniques require there to be consistency of precoding weight vectors. In the case of cross-subframe channel estimation, the precoding weight vector applied to a specific PRB in subframe ‘n+1’ needs to be the same as the precoding weight vector applied to that PRB in subframe ‘n’. In the case of cross-PRB channel estimation, the same precoding weight vector needs to be applied across ‘m’ consecutive PRBs.

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). 
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), but is not effective in highly frequency selective channels (where the channel is inconsistent between PRBs). It was suggested in RAN1#81 that cross-PRB channel estimation reduces the potential available random beamforming diversity (since the same precoding weight vector needs to be applied across ‘m’ consecutive weight vectors). 

Due to the issues of residual frequency error, cross-subframe channel estimation is considered to be ineffective for large levels of coverage enhancement. This document hence considers the potential performance improvements that can be achieved through the application of cross-PRB channel estimation. In particular the document considers:

· The performance of cross-PRB channel estimation in different channel types.

· The performance of a system configured to allow cross-PRB channel estimation to a system configured to maximize random beamforming diversity. 

2. Cross-PRB Channel Estimation Performance in EPA and ETA
The performance of cross-PRB channel estimation was simulated in both EPA and ETU channel models. The EPA channel model is reasonably flat across the 1.4MHz MTC bandwidth, whereas the ETU channel model is more frequency selective.

The M-PDCCH channel was simulated with a distributed mapping applied. For all PRBs, one precoding weight vector was applied to antenna port 107 and a different precoding weight vector was applied to antenna port 109: Figure 1. The receiver performed channel estimation across ‘m’ consecutive PRBs (where m = 1,2,3 or 6). Figure 2 illustrates channel estimation across m = 2 consecutive PRBs. Note that the m = 1 case is the default case with no cross-PRB channel estimation. The detailed simulation assumptions are listed in Appendix A.
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Figure 1 – Mapping of weight vectors to antenna ports and PRBs
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Figure 2 – Channel estimation across m = 2 consecutive PRBs

Figure 3 shows the simulated gains from performing cross-PRB channel estimation across ‘m’ PRBs for both EPA and ETU channel models with no repetition coding. The greatest and most consistent gain is observed in the EPA channel. This is the less frequency selective channel. Since the channel is more correlated between PRBs in EPA, more cross-PRB averaging is possible in EPA than in ETU. Cross-PRB channel estimation does not provide a gain in the ETU channel when an averaged LS filter is applied due to the frequency selectiveness of the ETU channel.
An adaptive channel estimation algorithm can be applied, instead of the fixed LS filter. When an MMSE adaptive filter is used, there is a monotonically increasing channel estimation gain with the number of PRB across over which channel estimation is performed.  

[image: image3.png]gain

Cross-PR8 Channel estimation gain

_ _ . _ETU:adaptive filter =

EPA: LS filter —%—
EPA: adaptive filter ~ -
ETU: LS fiter —=—





Figure 3 – Gain from cross-PRB channel estimation in EPA and ETU for RL1
Figure 4 shows a similar set of results to those for Figure 3, but in a case where more coverage enhancement is applied: at a repetition level of 32.

Figure 4 shows that the relative benefit of cross-PRB channel estimation is greater when more coverage enhancement is applied. This result is as expected since the system performance is more limited by channel estimation accuracy at greater levels of coverage enhancement. In an EPA channel, a performance gain of 2.5-3dB is possible when cross-PRB channel estimation is applied.

Since cross-subframe channel estimation performance degrades at lower SNR [4] due to the increasing frequency tracking error at lower SNR [7], the performance gains observed in this Tdoc are particularly important for UEs in deep coverage enhancement scenarios. 
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Figure 4 - Gain from cross-PRB channel estimation in EPA and ETU for RL32
The following observations are drawn from these results:

Observation 1: Cross-PRB channel estimation provides a performance gain with a simple averaging LS filter in channels that are not highly frequency selective (e.g. EPA).

Observation 2: Cross-PRB channel estimation can provide a performance gain in frequency selective channels when the UE implements an adaptive averaging LS filter.

Observation 3: The benefits of cross-PRB channel estimation are greater when more coverage extension is applied.   
Observation 4: A gain of 2-3dB can be achieved with cross-PRB channel estimation in the EPA channel when large coverage enhancement is applied.   

3. Precoder Diversity
Simulations were also performed comparing the performance of cross-PRB channel estimation with a scheme that maximizes precoder diversity. 

The simulations of section 2 were performed with precoding weight vector WV1 applied to antenna port 107 for all PRBs and weight vector WV2 applied to antenna port 109 for all PRBs. In this section, we investigate the performance of M-PDCCH when more precoder diversity is applied to antenna ports 107 and 109. Results for the following two schemes are presented:

· Baseline. Weight vector 
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· Random from TS36.211. The weight vector for AP107 is randomly chosen from Table 6.3.4.2.3-1 of TS36.211 and the weight vector applied to AP109 is (circularly) the next available weight vector in that table.
Figure 5 shows the M-PDCCH performance in coverage enhancement mode with repetition level 1 for the baseline scheme and the scheme where weight vectors are randomly chosen per PRB from the set defined in TS36.211. The performance of the two schemes is pretty much identical in both EPA and ETU channels. Similar performance was obtained when the constraint of using the weight vectors defined in TS36.211 was relaxed (and weight vectors were more randomly chosen).
The results in Figure 5 suggest that there is no benefit in changing precoder weight vectors between PRBs for the case where the eNodeB has two transmit antennas in the EPA and ETU channels. There may be some benefit when the eNodeB has more than 2 transmit antennas (and two M-PDCCH antenna ports), but this has not been simulated. It is noted that in any case, for the coverage enhancement case, antenna / precoder diversity can be obtained by applying different precoding weight vectors in different subframes: the repetition decoding function across the subframes would then allow any antenna / precoding diversity gains to be realized. 
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Figure 5 – M-PDCCH precoder diversity performance at RL1 in coverage enhancement mode

Based on the results in this section, the following observation is made:
Observation 5: Changing precoding weight vectors on a per-PRB basis does not improve M- performance when the eNodeB has two transmit antennas .
Since changing the precoding weight vectors on a per-PRB basis does not yield a performance gain, according to our simulation results, and since cross-PRB does give a performance gain of up to 2-3 dB, when there is consistency of weight vectors between PRBs, it is proposed that:

Proposal: M-PDCCH supports cross-PRB channel estimation.
4. Conclusion
This document has shown that cross-PRB channel estimation provides performance improvement of M-PDCCH in EPA and ETU channels. In contrast, additional precoder diversity does not provide a performance improvement for the case where the eNodeB has two transmit antennas. The following observations and proposals are made:

Observation 1: Cross-PRB channel estimation provides a performance gain with a simple averaging LS filter in channels that are not highly frequency selective (e.g. EPA).

Observation 2: Cross-PRB channel estimation can provide a performance gain in frequency selective channels when the UE implements an adaptive averaging LS filter.

Observation 3: The benefits of cross-PRB channel estimation are greater when more coverage extension is applied.   

Observation 4: A gain of 2-3dB can be achieved with cross-PRB channel estimation in the EPA channel when large coverage enhancement is applied.   

Observation 5: Changing precoding weight vectors on a per-PRB basis does not improve M- performance in when the eNodeB has two transmit antennas .
Proposal: M-PDCCH supports cross-PRB channel estimation.
5. References
[1] R1-153604, “Summary of link level simulation results for M-PDCCH in coverage extension”. Sony. RAN1#81, Fukuoka, Japan. 25-29 May 2015.
[2] R1-152615. “Coverage enhancements for M-PDCCH”, Intel Corporation. RAN1#81, Fukuoka, Japan. 25-29 May 2015.
[3] R1-152908. “Evaluation of M-PDCCH Coverage Enhancement for MTC UEs”. Panasonic. RAN1#81, Fukuoka, Japan. 25-29 May 2015.
[4] R1-153083. “Performance of M-PDCCH with Frequency Offset”. Sony. RAN1#81, Fukuoka, Japan. 25-29 May 2015.
[5] R1-151488. “Transmission schemes and evaluation of physical downlink control channel for MTC”. LG Electronics. RAN1#80bis. Belgrade, Serbia. 20-24 April 2015.
[6] R1-150093. “Physical downlink control channel for Rel-13 low complexity UEs”. CATT. RAN1#80, Athens, Greece. 9-13 February 2015.
[7] R1-153085. “Tracking of Frequency Offset for MTC”. Sony. RAN1#81, Fukuoka, Japan. 25-29 May 2015.
[8] R1-153686. “Suggested Further M-PDCCH Simulations”. Sony. RAN1#81, Fukuoka, Japan. 25-29 May 2015.
[9] R1-152048. “Simulation Assumptions for Physical Downlink Control Channel for MTC”, Sony, Ericsson, Panasonic. RAN1#80bis, Belgrade, Serbia. 20-24 April 2015.
Appendix A: Simulation Assumptions
Table 1 lists the simulation assumptions applied in this document. These simulation assumptions are based on those in [9].
Table 1 – Simulation Assumptions
	Parameter
	Value

	MTC bandwidth
	1.4MHz

	System bandwidth
	10MHz

	Duplexing
	FDD

	Control start symbol
	2

	M-PDCCH type
	Distributed

	Aggregation level
	24 

	M-PDCCH set size
	6 PRB

	Precoding diversity
	TS36.211 Table 6.3.4.2.3-1 weights used. Either:

· same weights used for each PRB
· weights for each PRB randomly selected

	DCI payload size (including CRC)
	37 bits

	Repetition level
	32, 1

	Number of transmit antennas
	2

	Number of receive antennas
	1

	Antenna correlation
	low

	Channel model
	EPA, ETU

	Channel speed
	0Hz

	Carrier frequency
	2GHz

	Frequency tracking error
	0Hz [100Hz]



	Symbol timing accuracy
	Perfect

	Inter-subframe frequency hopping
	None

	Inter-subframe channel estimation
	1 subframes

	Inter-PRB channel estimation
	According to PRB group size ‘m’

	Number of CRS ports
	2

	Reference symbols
	DMRS on antenna ports 107, 109

	Channel estimation
	Realistic. LS or MMSE

	CSI-RS
	No CSI-RS in subframe

	MBSFN subframes
	No MBSFN subframes


AP107: WV1, AP109: WV2





AP107: WV1, AP109: WV2





AP107: WV1, AP109: WV2





AP107: WV1, AP109: WV2





AP107: WV1, AP109: WV2





AP107: WV1, AP109: WV2





PRB0





PRB1





PRB2





PRB3





PRB4





PRB5





PRB0





PRB1





PRB2





PRB3





PRB4





PRB5





channel estimation across PRB0 and PRB1





channel estimation across PRB2 and PRB3





channel estimation across PRB4 and PRB5








 1

_1500540687.unknown

_1500540790.unknown

