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1. Introduction 
In RAN1#72, it was agreed to study different enhanced DMRS (eDMRS) patterns for resolving the collision issue between PSS/SSS and the existing (legacy) DMRS pattern, while achieving better demodulation performance for PDSCH and EPDCCH. Below, the conclusion from [1] is captured.
Conclusion:

· RAN1 will study further the different alternatives, including studying the benefits of new DMRS patterns on the NCT  

· Study should consider both PDSCH and EPDCCH

· Study should consider any possible impact on CSI-RS
· May also take into account hypothetical impact on PBCH

· Study should at least include macro scenario; reduction of DMRS overhead is out of scope of this study. 

· Aim to conclude the study by RAN1#73

· Discuss details of simulation assumptions offline during this week – revisit on Friday (email approval after the meeting if not agreeable on Friday) – Fredrik (HW) - R1-130742
· Only DMRS patterns that do not collide with Rel-8 positions of PSS/SSS will be considered 

· Baseline enhanced DMRS pattern to be provided

· Other DMRS patterns for evaluation may be submitted until 22nd February. 

· Decision on handling of collisions with PSS/SSS after study has concluded

· If it is agreed to adopt a new DMRS pattern, the other alternatives will not be considered further

Note: NCT should be able to be operated on both macro and small cells. Target speeds are same as were assumed for LTE Rel-8.

Simulation assumptions and the eDMRS pattern in [1] have been taken as the baseline for this study. Further patterns were also provided [3-7] over the reflector before the deadline. In this contribution, we provide our simulation results for PDSCH demodulation performance using various eDMRS patterns and views on the most suitable pattern for NCT.
2. Performance evaluations and considerations
2.1. Simulation assumptions
Baseline link level simulation assumptions are given in [2] but some parameter values/choices are still open. For all simulation results provided in this contribution, we followed the same baseline assumptions with chosen parameter values highlighted in yellow (listed in Annex A).
Please note the pattern provided in [4] is the same as the baseline enhanced DMRS (eDMRS) pattern in [2] for FDD/TDD normal DL subframes in normal CP, hence its results are not explicitly shown. Furthermore, the proposed pattern in [7] is simulated for all DL subframes (not just subframe #0 and #5 as indicated in [7]) as the motivation of studying eDMRS pattern in NCT is not for resolving the collision issue between synchronisation signals and DMRS only, but more importantly to improve data and control demodulation performance in all DL subframes.
Evaluated eDMRS patterns are depicted in Annex B – F:
· Legacy DMRS pattern – Legacy Pattern (36.211)
· Enhanced DMRS pattern from [2] (baseline in RAN1#72) – BL Pattern 1 [2]
· Enhanced DMRS pattern from [3] – Pattern 2 [3]
· Enhanced DMRS pattern 1 from [6] – Pattern 3 [6]
· Enhanced DMRS pattern 2 from [6] – Pattern 4 [6]
· Enhanced DMRS pattern 3 from [6] – Pattern 5 [6]
· Enhanced DMRS pattern 4 from [6] – Pattern 6 [6]

· Enhanced DMRS pattern from [7] – Pattern 7 [7]
· Enhanced DMRS pattern from [8] – Pattern 8 [8]
It is also worth pointing out the eDMRS pattern from [8] (depicted in Annex F) does not conform to RAN1#72 conclusion that “Only DMRS patterns that do not collide with Rel-8 positions of PSS/SSS will be considered”, however, this pattern is included in our evaluation and also in this contribution due to the outstanding performance and it represents a good mapping choice compared to other patterns (explained in Section 2.2 and 2.3).
2.2. Performance results and comparison
In Figure 1 to 3, simulated performance for PDSCH using various eDMRS patterns are shown for EPA 3km/hr, ETU 30 km/hr and ETU 120 km/hr channels, respectively. As shown, a few observations are made as follow
Observation 1:

· Consistently, the legacy DMRS pattern gives the worst performance results in all simulated channels.

· eDMRS pattern 3, 7 and 8 only provided significant performance gain over others in the low speed channels. Observing at 10% BLER, the gain is 3dB to the next best pattern in EPA 3km/hr and 5.8dB in ETU 30km/hr.
· In the high speed channel, ETU 120km/hr:

· Pattern 5 provided the best performance with a gain of 4.8dB at 10% BLER over the legacy DMRS pattern.
· Pattern 5, 3, 8, 2, 7 and 4 had marginal performance difference between them (within 1dB) at 10% BLER.

Based on the above observations, we propose:

Proposal 1: New DMRS pattern should be introduced for NCT to improve demodulation performance.
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Figure 1: BLER performance of various eDMRS patterns in EPA 3km/hr channel.
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Figure 2: BLER performance of various eDMRS patterns in ETU 30km/hr channel.
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Figure 3: BLER performance of various eDMRS patterns in ETU 120km/hr channel.
2.3. Mapping of enhanced DMRS patterns
Based on the results findings in the previous section, mapping of eDMRS pattern 3, 7, and 8 and their collision with other L1 signals are analysed below. These patterns are chosen for the analysis in this section is purely based on their consistent outstanding performance in all three fading channels.
Mapping impact to CSI-RS transmission on same subframe (exclude subframes with PSS/SSS, PBCH and SIB-1, PCell paging messages) is shown in Figure 4.
· For pattern 3, 
· Pros: Collision with existing CSI-RS and the currently agreed reduced-CRS (R-CRS) port 0 (depending on Cell-ID => frequency shift) can be largely avoided in both FDD and TDD. 
· Cons: Although collision with R-CRS could be avoided, this pattern however would limit the number of possible frequency shifts to only 2 positions. This is could be a potential issue trying to avoid CRS overlap in homogeneous and HetNet deployments.

· Considering R-CRS is transmitted every 5ms, working around solution would be to allow flexible/configurable timing between Macro and Macro/Pico cells to avoid collision. In this case, the freedom of R-CRS location in both time and frequency would be 5ms x 2 frequency shifts = 10 choices.
· Due to frequency shifts of R-CRS are now practically limited to only 2, the legacy Rel-8 CRS port 0 sequence and mapping would need to be updated. Additional specification work is needed.
· For pattern 7,

· Pros: None

· Cons: Consistent collision with CSI-RS symbols and thus would limit the number of useable time/frequency resources for CSI-RS transmission.

· Work around solution would be to allocate/add new resources for CSI-RS.

· For pattern 8,

· Pros: No collision is foreseen with the existing CSI-RS and R-CRS locations even with frequency shift.
· Cons: None
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Figure 4: Mapping of eDMRS pattern 3, 7, 8, CSI-RS, R-CRS in FDD and TDD normal downlink subframes in normal CP.
Mapping impact to PBCH and PSS/SSS transmissions in normal DL subframes with normal CP for FDD and TDD is shown in Figure 5.
· For pattern 3,
· Pros: No collision issue with transmission of PBCH (in FDD and TDD SF#0), PSS/SSS (FDD SF#0 and #5), and SSS (TDD SF#0).
· Cons: 
· Same limitation issue of possible R-CRS frequency shifts as in previous discussion of DL subframes where CSI-RS can be transmitted. Same work around solution of re-designing the sequence and mapping would also be needed in this case.
· Consistent collision with PSS for TDD UL-DL configuration #3, #4 and #5 in subframe #6.
· For pattern 7,
· Pros: No collision issue with transmission of PSS/SSS (FDD SF#0 and #5), and SSS (TDD SF#0).
· Cons: 
· Consistent collision with PBCH transmission in both FDD and TDD, assuming standalone NCT will be introduced.
· Consistent collision with PSS for TDD UL-DL configuration #3, #4 and #5 in subframe #6.
· For pattern 8,

· Pros: No collision issue with transmission of PBCH (in FDD and TDD SF#0) and PSS/SSS (FDD SF#0 and #5).
· Cons: 
· Consistent collisions with SSS in TDD subframe #0 and #5.
· Consistent collision with PSS for TDD UL-DL configuration #3, #4 and #5 in subframe #6.
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Figure 5: Mapping of eDMRS pattern 3, 7, 8, PBCH, PSS/SSS and R-CRS in FDD and TDD subframe #0 in normal CP.
Based on the scope of current study, finding a new DMRS pattern that is suitable for DL normal subframe for both FDD and TDD in normal CP, a summary of mapping issues from the above discussions for the proposed eDMRS pattern #3, #7 and #8 is provided in the Table below as observation 2.

Observation 2:

	
	R-CRS
	CSI-RS
	PBCH
	PSS/SSS (FDD)
	SSS in SF#0,5 (TDD)
	PSS in SF#6 (TDD UL/DL Config. #3,4,5)

	Pattern 3
	No Collision is Possible

(frequency shifting is limited, new R-CRS sequence/mapping not depending on Cell-ID is needed)
	No Collision
	No Collision
	No Collision
	No Collision
	Collision Issue

	Pattern 7
	No Collision
	Collision Issue

(Define new CSI-RS resources)
	Collision Issue
	No Collision
	No Collision
	Collision Issue

	Pattern 8
	No Collision
	No Collision
	No Collision
	No Collision
	Collision Issue
	Collision Issue


3. Conclusion 

In this contribution, we have shown performance results for different enhanced DMRS patterns from various proposals and provided analyses on their mapping impacts to other existing L1 signals. Based on the provided results and mapping analysis, we have the following observations:
Observation 1:

· Consistently, the legacy DMRS pattern gives the worst performance results in all simulated channels.

· eDMRS pattern 3, 7 and 8 provide significant performance gain over others (including the legacy pattern) in low speed channels. Observing at 10% BLER, the gain is 3dB to the next best pattern in EPA 3km/hr and 5.8dB in ETU 30km/hr.

· In the high speed channel, ETU 120km/hr:

· Pattern 5 provides the best performance with a gain of 4.8dB at 10% BLER over the legacy DMRS pattern, which gives the worst result.

· Pattern 5, 3, 8, 2, 7 and 4 all gave marginal performance difference (within 1dB) at 10% BLER.

Observation 2:

	
	R-CRS
	CSI-RS
	PBCH
	PSS/SSS (FDD)
	SSS in SF#0,5 (TDD)
	PSS in SF#6 (TDD UL/DL Config. #3,4,5)

	Pattern 3
	No Collision is Possible

(frequency shifting is limited, new R-CRS sequence/mapping not depending on Cell-ID is needed)
	No Collision
	No Collision
	No Collision
	No Collision
	Collision Issue

	Pattern 7
	No Collision
	Collision Issue

(Define new CSI-RS resources)
	No Collision
	No Collision
	No Collision
	Collision Issue

	Pattern 8
	No Collision
	No Collision
	No Collision
	No Collision
	Collision Issue
	Collision Issue


We propose the followings:

Proposal 1: New DMRS pattern should be introduced for NCT to improve demodulation performance.
Proposal 2: Since most (if not all) of the proposed new DMRS patterns still have collision issues with synchronisation signals, the principle of selecting a new DMRS pattern for FDD and TDD downlink normal subframes in normal CP should be based on the followings:

· Its performance across all simulated channels, without considering the collision with existing synchronisation signals.
· Not introducing / causing additional work in re-designing other existing signals
Proposal 3: Resolving the collision issue between PSS/SSS and new DMRS pattern should be considered separately after deciding a new DMRS pattern.
Based on the above considerations and result findings provided in this contribution, it seems pattern 8 from [8] is a good choice for the new DMRS for all FDD and TDD downlink normal subframes in normal CP.
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Annex A – Link level simulation assumptions
	Parameters
	Settings

	Carrier frequency
	2 GHz

	Transmission bandwidth
	5 MHz

	Channel model
	EPA 3km/h, ETU 30km/h, ETU 120km/h

	CP length
	Normal CP

	Location and number of PDSCH RBs
	Fixed, 6 PRBs

Index #2, 5, 8, 18, 21, 24

	Transmission mode
	TM9

	Antenna configuration
	2x2

	Rank
	Fixed Rank

Rank2 (3, 30 km/h), Rank1 (120 km/h)

	PDSCH/EPDCCH starting symbol
	First OFDM symbol

	Overhead assumptions
	No PSS/SSS/CSI-RS for all subframes
12 REs/PRB-pair for DMRS

	Antenna correlation (TS36.101 v11.3.0)
	Medium (3, 30 km/h), Low (120 km/h)

	CSI feedback
	No CSI feedback, random precoding according to 36.101

	HARQ for PDSCH
	ON (4 including re-transmissions)

	AMC for PDSCH
	Fixed MCS
Index #6 (3, 30 km/h), #17 (120 km/h)


Annex B – Baseline Enhanced DMRS pattern 1 from [2]
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Annex C – Enhanced DMRS pattern 2 from [3]
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Annex D – Enhanced DMRS pattern 3 ~ 6 from [6]
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Annex E – Enhanced DMRS pattern 7 from [7]
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Annex F – Enhanced DMRS pattern 8 from [8]
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