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1 Introduction
As it was agreed in RAN#56 [1], the study of new carrier type is removed from Rel-11 work item and postponed to Rel-12. During RAN#57, a new work item for new carrier type [2] is approved with the following two phases. The work shall start with the agreements and working assumptions reached so far during the Rel-11 work item:
· In a first phase specify the New Carrier Type being aggregated with a legacy LTE carrier.

· Specify necessary enhancements for transmission of data and control as well as the necessary UE mobility support on the New Carrier Type.
· In a second phase specify enhancements to the New Carrier Type also considering the findings of the small cell related Rel-12 studies (from RAN#60)
· Specify necessary means to allow standalone and macro-assisted operation on the New Carrier Type, including
· A broadcast mechanism to acquire system information, a common search space for ePDCCH and UE mobility support.
· If justified by the small cell related studies, specify necessary means to support a dual dormant / active state, which means DTX like eNB behaviour (with long DTX cycles) and corresponding UE procedures, with or without reduced CRS in the active state.
· Verify the suitability of the solutions specified in the first phase for the purposes of standalone New Carrier Type operations and small cells and update the necessary functionalities and signals if necessary.
· Specify corresponding UE and eNB core requirements
Considering that there is no legacy control region on the new carrier type, and the CRS shall be transmitted only on antenna port 0 with a periodicity of 5 ms [3], it is possible to discuss DM-RS optimization on the new carrier type. In this contribution, we evaluate the downlink performance with several new DM-RS patterns on the new carrier type.
2 Discussions
Generally speaking, there are three ways to optimize the DM-RS transmission on the new carrier type as shown in Figure 1: 

· Option A: Shift the DM-RS in the first slot to have DM-RS in the legacy control region.
· Option B: Add additional DM-RS resources in the legacy control region.
· Option C: Reuse an existing Rel-10 DM-RS pattern, for example the Rel-10 DM-RS pattern of TDD special subframe configuration 3/4/8/9, so as to have DM-RS closer to the legacy control region.
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Figure 1: Possible DM-RS optimizations for the new carrier type
For option A, it is hard to find a unified DM-RS pattern for both TDD normal subframe and special subframe without collision with CSI-RS and PSS/SSS. For option B, the DM-RS overhead is increased, which may impact the resource utilization of the new carrier type. For option C, the DM-RS may collide with the CSI-RS resources, and there is no existing Rel-10 DM-RS patterns which can be reused for a subframe with extended CP.
Furthermore, we evaluate the DL spectrum efficiency by using the three DM-RS patterns in Figure 1 with the simulation assumptions presented in the appendix. It can be seen from Figure 2 that, for a low speed UE with 3km/h, the increase of DL spectrum efficiency based on option A/B/C is negligible compared with the Rel-10 DM-RS pattern.  Although there is some DL spectrum efficiency gain with option A and option C for a UE speed at 100km/h as shown in Figure 3, the DL spectrum efficiency gain is not significant. For option B, the DL spectrum efficiency is degraded due to increased overhead of DM-RS.
Hence, we have the following observations based on the above analysis and evaluation results:

Observation 1: There is no unified DM-RS optimization solution for both FDD and TDD with normal and special subframes without collision with CSI-RS and PSS/SSS.
Observation 2: The gain of DL spectrum efficiency with the DM-RS optimization solutions is negligible compared with the Rel-10 DM-RS pattern. 
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Figure 2: Simulation results for EPA 3km/h with AMC
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Figure 3: Simulation results for EVA 100km/h with fixed MCS levels
3 Conclusions
In this contribution, we discuss the DM-RS transmission on the new carrier type with the following observations:
Observation 1: There is no unified DM-RS optimization solution for both FDD and TDD with normal and special subframes without collision with CSI-RS and PSS/SSS.
Observation 2: The gain of DL spectrum efficiency with the DM-RS optimization solutions is negligible compared with the Rel-10 DM-RS pattern. 
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5 Appendix
Table 1: Link level simulation assumptions
	Parameters
	Value

	Carrier Frequency
	2 GHz

	System bandwidth
	1.4 MHz

	Channel model
	EPA 3km/h,

EVA 100km/h

	Antenna setup
	2Tx, 2Rx

	RX antenna correlation
	Uncorrelated

	Transmission Rank
	Fixed rank 2 transmission

	CP type
	Normal CP

	Subframe type
	FDD with subframe 0/5,
TDD with subframe 0/5

	Transmission bandwidth
	6PRBs

	PDSCH start symbol
	The first OFDM symbol

	Transmission mode
	TM9

	CSI-RS periodicity
	10 ms

	AMC
	Enabled for EPA 3km/h

	MCS for EVA 100km/h
	QPSK, coding rate 1/2,
16QAM, coding rate 1/2

	HARQ
	Yes

	Max. Number of retransmissions
	4

	Channel estimation method
	MMSE


Table 2: DL spectrum efficiency for EPA 3km/h, with AMC (bits/s/Hz)
	SNR
	14
	16
	18
	20
	22
	24
	26
	28
	30
	32
	34
	36
	38
	40
	42
	44
	46
	48

	Rel-10
	3.0316
	3.6278
	4.3077
	5.1408
	5.9034
	6.5454
	7.0087
	7.3431
	7.5882
	7.7527
	7.8619
	7.9378
	8.0006
	8.0435
	8.0675
	8.0882
	8.0972
	8.1042

	Option A
	3.0339
	3.6219
	4.3188
	5.1449
	5.9038
	6.5569
	7.0129
	7.3601
	7.5917
	7.7643
	7.8757
	7.9477
	8.0054
	8.0477
	8.0714
	8.0913
	8.0984
	8.1038

	Option B
	2.9551
	3.5168
	4.1740
	4.9462
	5.7414
	6.4064
	6.9071
	7.2764
	7.5465
	7.7275
	7.8446
	7.9313
	7.9877
	8.0330
	8.0620
	8.0850
	8.0956
	8.1017

	Option C
	3.0278
	3.6214
	4.3123
	5.1362
	5.9039
	6.5537
	7.0065
	7.3545
	7.5881
	7.7578
	7.8674
	7.9461
	8.0014
	8.0455
	8.0704
	8.0896
	8.0971
	8.1043


Table 3: DL spectrum efficiency for EVA 100km/h, with QPSK coding rate 1/2 (bits/s/Hz)
	SNR
	-2
	0
	2
	4
	6
	8
	10
	12
	14
	16
	18

	Rel-10
	0.3873
	0.6296
	0.8210
	0.9865
	1.2368
	1.5269
	1.6730
	1.7062
	1.7108
	1.7109
	1.7111

	Option A
	0.4176
	0.6493
	0.8430
	1.0165
	1.2994
	1.5780
	1.6879
	1.7091
	1.7109
	1.7111
	1.7111

	Option B
	0.4484
	0.6528
	0.8334
	1.0054
	1.2904
	1.5478
	1.6358
	1.6509
	1.6517
	1.6519
	1.6519

	Option C
	0.4108
	0.6434
	0.8341
	1.0072
	1.2708
	1.5623
	1.6832
	1.7080
	1.7109
	1.7111
	1.7111


Table 4: DL spectrum efficiency for EVA 100km/h, with 16QAM coding rate 1/2 (bits/s/Hz)
	SNR
	2
	4
	6
	8
	10
	12
	14
	16
	18
	20
	22
	24

	Rel-10
	0.3396
	0.9531
	1.3260
	1.6483
	1.9102
	2.2954
	2.8019
	3.1853
	3.3615
	3.4035
	3.4131
	3.4138

	Option A
	0.4039
	1.0128
	1.3656
	1.6876
	1.9700
	2.3904
	2.9159
	3.2567
	3.3793
	3.4100
	3.4145
	3.4148

	Option B
	0.4719
	1.0155
	1.3524
	1.6459
	1.9314
	2.3621
	2.8676
	3.1521
	3.2458
	3.2637
	3.2667
	3.2667

	Option C
	0.3697
	0.9736
	1.3492
	1.6657
	1.9382
	2.3456
	2.8606
	3.2369
	3.3762
	3.4093
	3.4145
	3.4148




























































































PAGE  
1

_1418914924.vsd
DM-RS for 
port 7/8


even-numbered slots


odd-numbered slots


1


2


3


4


5


6


1


2


3


4


5


6


Normal CP, option C


=0


=0


DM-RS for 
port 9/10


even-numbered slots


odd-numbered slots


1


2


3


4


5


6


1


2


3


4


5


6


Normal CP, option A


=0


=0


even-numbered slots


odd-numbered slots


1


2


3


4


5


6


1


2


3


4


5


6


Normal CP, option B


=0


=0



