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1. Introduction
This document provides a summary of the simulation results for M-PDCCH that were submitted to RAN1#82 Beijing.

The simulation results submitted covered the following aspects:

· Cross-PRB channel estimation

· Cross-subframe channel estimation

· Distributed vs localized mapping for M-PDCCH

· Frequency hopping

· Reference signal usage

· Precoder cycling

· Localised vs distributed mapping

· Blocking probability

· M-PDCCH occupying mixed subframe types
2. Cross-subframe Channel Estimation

Two companies provided simulation results on cross-subframe channel estimation, as summarized in Table 1.

Table 1 – Summary of cross-subframe channel estimation performance results
	Document
	Company
	Results

	R1-153732
	Ericsson
	The gain of cross-subframe channel estimation increases with bundle size and is observed both in ETU and EPA:

Bundle size
Cross-SF gain
RL5
3dB
RL50
1dB
Cross-subframe channel estimation performance degrades as frequency offset increases in both EPA and ETU:

Frequency offset

Degradation

50Hz

1.8dB / 0.5dB for RL50 / RL5

100Hz

3.8dB / 1.9dB for RL50 / RL5

Cross-SF channel estimation was performed using an IIR filter with a time constant of ~3 subframes.

	R1-153996
	Intel
	Gain from cross-SF channel estimation was about 1dB in EPA with FTO100Hz at {16eCCE,RL64} or {24eCCE,RL48}


Summary

· Cross subframe channel estimation provides a gain of up to approx. 3 dB irrespective of the frequency selectivity of the channel.

· The gain of cross-subframe channel estimation is greater when coverage is worse (at higher repetition factors).

· The performance of cross-subframe channel estimation degrades with increasing frequency tracking offset.

3. Cross-PRB Channel Estimation

Table 3 provides a summary of the simulation results for larger values of coverage extension (RL >= 32) in EPA. For this relatively frequency flat fading channel, the gain from cross-PRB channel estimation generally increases as the PRG size increases. There is some discrepancy between companies regarding the gain for a 6PRB PRG size: two companies showed the greatest cross-PRB gain was obtained with a 6PRB PRG size, other companies showed more limited gain for a 6PRB PRG size).

Note that there is a linkage between the performance of cross-PRB channel estimation and precoding cycling. When a large PRG size is applied, there is less scope for precoding cycling, which may affect the overall performance of a system employing both cross-PRB channel estimation and precoder cycling. These aspects are considered in section 6.

Table 3 – Summary of cross-PRB channel estimation performance in EPA for RL >= 32
	Number of PRBs
	Mean Gain
	Company Results

	6
	2.8dB (2 companies)

0.6dB (2 companies)
	Tdoc

Company
Cross-PRB gain
R1-153732

Ericsson
0.2dB
R1-153963

Panasonic
3.1dB
R1-153996

Intel

1.0dB

R1-154221

Sony

2.6dB

R1-154232

LGE

53% reduction in REPs



	3
	1.8dB
	Tdoc

Company
Cross-PRB gain
R1-153732

Ericsson
1.9dB
R1-154221

Sony
1.7dB
R1-154232

LGE

41% reduction in REPs



	2
	1.1dB
	Tdoc

Company
Cross-PRB gain
R1-153732

Ericsson
1.2dB
R1-153963

Panasonic
1.3dB
R1-154221

Sony

0.8dB

R1-154232

LGE

36% reduction in REPs




Note: Panasonic and Intel results are for a baseline where cross-subframe channel estimation is applied. The Panasonic results include frequency hopping.
Table 3 – Summary of cross-PRB channel estimation performance in ETU for RL >= 32
	Number of PRBs
	Mean Gain
	Company Results

	6
	-1.7dB
	Tdoc

Company
Cross-PRB gain
R1-153732

Ericsson
-1.7dB
R1-154221

Sony

-1.7dB

R1-154232

LGE

5% reduction in REPs



	3
	-0.6dB
	Tdoc

Company
Cross-PRB gain
R1-153732

Ericsson
-0.7dB
R1-154221

Sony
-0.4dB
R1-154232

LGE

7% reduction in REPs



	2
	-0.2dB
	Tdoc

Company
Cross-PRB gain
R1-15372

Ericsson
-0.3dB
R1-154221

Sony

0dB

R1-154232

LGE

7% reduction in REPs




Summary

· For large coverage enhancement:

· In a more flat fading channel (EPA) cross-PRB channel estimation yields an increasing gain as the PRG size increases. Results from 2 companies indicate that cross-PRB performance for PRG size = 6 is worse than for PRG size = 2 or 3. 

· In a more frequency selective channel (ETU), there was either no gain or a loss from cross-PRB channel estimation.

4. Frequency Hopping

Previous simulations in RAN1 have shown a gain from frequency hopping of M-PDCCH.

R1-153963 (Panasonic) compared the performance of (1) mapping the M-PDCCH to resources in a single subframe and repeating the subframe in a frequency hopped location; and (2) mapping the M-PDCCH to all the available resources in the repeated M-PDCCH and performing frequency hopping between the mapped subframes. It was found that:

· For small aggregation levels, mapping the M-PDCCH to all the available resources in the repeated M-PDCCH provided a gain of approximately 2dB (due to increased coding gain).

· For large aggregation levels, both methods had the same performance.
5. Reference Signals

In R1-153846 (Qualcomm), simulation results showed that a performance gain of approximately 1dB could be achieved when the M-PDCCH used fixed pre-coders (in addition to gains from other cross-subframe and cross-PRB channel estimation techniques). When the M-PDCCH uses fixed precoders, the CRS and DMRS can be used together to derive channel estimates.

In R1-154559 (Interdigital) and R1-154212 (Sony), simulation results showed a performance gain of approximately 1dB for localized mapping M-PDCCH when DMRS is power-boosted or repeated.
6. Precoder Cycling

Simulations were performed where the precoders applied to the M-PDCCH were cycled between PRBs. As noted in section 3, precoder cycling can reduce potential gains from cross-PRB channel estimation, but can provide additional precoder diversity gain.

Table 4 summarises the simulation results that considered precoding cycling.

Table 4 – Summary of performance results including precoder cycling
	Document
	Company
	Results

	R1-154211
	Sony
	No performance gain from precoder cycling diversity for distributed M-PDCCH at REP1

	R1-153963
	Panasonic
	0.7dB gain for precoder cycling

	R1-154561
	Interdigital
	For PRG size 2, PRB bundling did not provide any gain in EPA when precoder cycling was applied; in ETU PRB bundling caused a loss of approximately 0.5dB.


Summary

The results on precoder cycling were not consistent. R1-154211 showed no gain for precoder cycling; R1-153963 showed that PRB bundling provides a gain whether precoder cycling is applied or not; R1-154561 showed no gain (or a loss) when PRB bundling is applied with precoder cycling.
7. Localised vs Distributed Mapping

Table 5 summarises the simulation results that compared localized and distributed mapping for ePDCCH.

Table 5 – Summary of performance results comparing localised and distributed M-PDCCH mapping
	Document
	Company
	Results

	R1-154212
	Sony
	EPA: similar performance

ETU: distributed has a gain of 0.4dB wrt localized

When DMRS for both AP107 and AP109 are combined for localized, localized mapping has a gain of 1dB wrt distributed

Simulations were performed at REP1 with realistic channel estimation

	R1-153729
	Ericsson
	Gain of 1 to 1.5dB for distributed mapping at REP10 bundling size in ETU when ideal channel estimation applied

	R1-154559
	Interdigital
	EPA: localised has a gain of 1.2dB wrt distributed

ETU: localized has a gain of 1.2dB wrt distributed at AL24 and no gain at lower AL

Power boosting is applied to DMRS when a single UE is scheduled. Realistic channel estimation is performed


Summary
The baseline performance of distributed mapping is superior to that of localized mapping in an ETU channel.

When DMRS power boosting is applied, the performance of localized mapping is approximately 1dB better than that of distributed mapping in both ETU and EPA.
8. Blocking Probability

In R1-154562 (Interdigital), simulation results showed that when CE UEs and normal coverage UEs are scheduled at the same time, the blocking probability of the normal UEs is reduced when the M-PDCCH for the CE UEs uses a lower aggregation level and a larger number of repetitions.

9. Mixed subframe types

R1-154213 (Sony) simulated the performance of M-PDCCH when M-PDCCH spans mixed subframe types (M-PDCCH comprising MBSFN and non-MBSFN subframes). At large repetition values, similar performance was observed for the cases where (1) M-PDCCH is rate matched to each subframe individually and (2) M-PDCCH is rate matched to the resources in the MBSFN subframes and resource elements occupied by CRS are punctured.
10. Conclusion
This document has summarized the simulation results for M-PDCCH submitted to RAN1#82. The following observations are made based on these simulation results:

Observations

Observation 1: Cross-subframe channel estimation provides a gain of up to 3dB. The gain is greater at more extreme coverage and degrades with increasing frequency tracking error.
Observation 2: Cross-PRB channel estimation provides a gain in flat fading channels (e.g. EPA). A PRG size of 3 provides a gain of up to 2dB. There is no gain when cross-PRB channel estimation is used in frequency selective channels (e.g. ETU).
Observation 3: Reference signal usage has an impact on M-PDCCH performance. Performance of M-PDCCH can be improved by about 1dB by either:

· power boosting of DMRS for localized transmissions; or 

· use of fixed-precoding and channel estimation based on combined CRS and DMRS
Observation 4: The performance of localized mapping is about 1dB superior to that of distributed mapping if power boosting is applied to the DMRS; otherwise distributed mapping performance is superior to localized mapping in frequency selective channels.
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