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1. Introduction

In RAN1#67, the followings were concluded for PUSCH DMRS enhancement in Rel-11:
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In this contribution, we share our views on PUSCH DMRS enhancement for UL CoMP.
2. UL DMRS Enhancement
2.1. Inter-cell orthogonal PUSCH DMRS
Based on the Rel-10 specifications, a different cell specific DMRS sequence group would be set to each reception point in CoMP scenarios 1, 2, and 3. Some companies proposed the necessity of inter-cell orthogonal DMRS [1] – [8]. We also believe the inter-cell orthogonal DMRS is necessary and share the same view on inter-cell orthogonal PUSCH DMRS from the CoMP performance perspective.
Table 1 shows the system level performances in homogeneous deployments (CoMP scenario 1). Detailed simulation assumptions are listed in the section 5.1 in Annex, and the definition of orthogonal DMRS and non-orthogonal DMRS are illustrated in the section 5.2 in Annex. 

Assuming MMSE channel estimation, we applied the similar model described in [9] as the channel estimation error model of PUSCH DMRS.
Table 1 System level simulation results (CoMP scenario 1)
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Ideal 12.75 0.0% - 0.467 0.0% -

Orthogonal 11.38 -12.6% 6.6% 0.369 -26.6% 9.3%

Non-orthogonal 10.67 -19.5% 0.0% 0.337 -38.3% 0.0%


According to the simulation results, 6.6 % - 9.3 % gains can be achieved by inter-cell orthogonal DMRS in CoMP scenario 1.
In addition, Table 2 and Table 3 show the system level performances in heterogeneous deployments (CoMP scenario 3) configuration 1 and configuration 4b, respectively. Simulation assumptions and the definition of orthogonal DMRS and non-orthogonal DMRS are illustrated in Figure 3.
Table 2 System level simulation results (CoMP scenario 3, Configuration 1)

(a) DL RSRP based reception point selection (CRE = 0 dB)
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Ideal 42.64 0.0% - 0.444 0.0% -

Orthogonal 35.41 -20.4% 10.7% 0.344 -25.3% 12.2%

Non-orthogonal 32.00 -33.2% 0.0% 0.315 -40.3% 0.0%


(b) Pathloss based reception point selection (CRE = 16 dB)
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Ideal 56.63 0.0% - 0.942 0.0% -

Orthogonal 50.07 -11.6% 4.4% 0.838 -12.3% 3.3%

Non-orthogonal 48.60 -16.5% 0.0% 0.811 -16.1% 0.0%


Table 3 System level simulation results (CoMP scenario 3, Configuration 4b)

(a) DL RSRP based reception point selection (CRE = 0 dB)
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Ideal 49.65 0.0% - 0.441 0.0% -

Orthogonal 43.10 -35.1% 17.3% 0.333 -32.6% 4.5%

Non-orthogonal 36.74 -38.6% 0.0% 0.318 -38.6% 0.0%


(b) Pathloss based reception point selection (CRE = 16 dB)
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Ideal 69.18 0.0% - 1.072 0.0% -

Orthogonal 63.15 -9.5% 5.8% 0.976 -9.8% 3.7%

Non-orthogonal 59.68 -15.9% 0.0% 0.941 -13.9% 0.0%


In the CoMP scenario 3 case, orthogonal DMRS can achieve higher CoMP gain, especially in CRE = 0 dB case. From the performance perspective, inter-cell orthogonal DMRS is a good solution to obtain the higher CoMP performance.

Observation:
· Inter-cell orthogonal DMRSs within coordination area can achieve higher CoMP performance.
2.2. DMRS capacity enhancement
For inter-cell orthogonality among cells within coordination area, several additional enhancements including DMRS capacity can be considered.

For example, in CoMP scenario 1 where different cell IDs are assigned to each cell within coordination area, CS and OCC based orthogonality could not be performed. In this case, as one of the additional enhancements, we consider the following approaches for inter-cell orthogonality of PUSCH DMRS.
Approach 1: UE-specific DMRS sequence / CS hopping approach
This approach is a solution where CS and OCC are used for inter-cell orthogonality, and we believe the majority of the companies support it. In this approach, the same UE specific DMRS sequence group is allocated to appropriate UEs within the coordination area, and CS or OCC based orthogonality can be used. Generally speaking, aligned resource block allocation among multiplexed UEs (i.e. identical bandwidth and frequency position among multiplexed UEs) is necessary for CS separation in each cell (reception point). However, as proposed in [3] and [8], there are several approaches which allow the multiple CS separation with CS coordination in non-identical bandwidth among UEs. From the performance perspective, the scheduling restriction (e.g. requirement of identical bandwidth) for the identical band is not preferable and we believe solutions which achieve the inter-cell orthogonality in non-identical bandwidth among UEs should be studied. 
Therefore, we propose
Proposal 1:
· RAN1 should study the way to guarantee the inter-cell orthogonality in non-identical bandwidth among UEs.
Approach 2: Additional enhancement
1. OCC based orthogonality within the coordination area

In Rel-10 specification, CS hopping pattern is different depending on the cell ID. To achieve the OCC based orthogonality within the coordination area, CS hopping pattern should be set to the same pattern for all the UEs within coordination area. Namely, UE specific configuration of CS hopping independent from DMRS base sequence configuration as Rel-11 enhancement allow the OCC based orthogonality within the coordination area.
2. IFDM based additional enhancement
The maximum number of orthogonally multiplexed DMRSs is only 2 when OCC is used for inter-cell orthogonality. However, in CoMP scenario 1, at least 3 orthogonal resources of DMRSs should be needed. Therefore, as an additional enhancement, we can also consider employing the IFDM based DMRS with its repetition factor of 2. Moreover, in CoMP scenario 2, 9-cell coordination is the assumption in CoMP scenario in TR36.819. To achieve the valid CoMP gain in this scenario, more DMRS capacity is required compared to CoMP scenario 1. For this purpose, we think it is also one possible solution that the IFDM based DMRS is introduced to achieve inter-cell orthogonality as described in [2] and [4]. 
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Figure 1 OCC and IFDM based DMRS for inter-cell orthogonality in CoMP scenario 1
Figure 1 shows one example of possible solutions using OCC and IFDM for inter-cell orthogonality. In this case, because any CS resources are not used for inter-cell orthogonality, these can be used for SU-MIMO or MU-MIMO with identical-bandwidth transmission.
However, as described in [7] it has been shown that the worse the performance becomes due to the channel estimation error the larger the number of the repetition factor becomes in high SINR region. 
From the above considerations, there is the trade-off between the gain from the orthogonality and the degradation caused by the channel estimation error. Therefore, we think RAN1 should carefully study the IFDM based PUSCH DMRS in Rel-11 by using system level evaluation.
Proposal 2:
· DMRS base sequence and CS hopping should be configured independently for OCC based inter-cell orthogonality.
Proposal 3:
· RAN1 should carefully study the introduction of IFDM based PUSCH DMRS by using system level evaluation.
3. Conclusion

In this contribution, we shared our views on DMRS proposed enhancements in Rel-11. Our proposals are summarized as following:

Observation:

· Inter-cell orthogonal DMRSs within coordination area can achieve higher CoMP performance.
Proposals:
· Proposal 1:
· RAN1 should study the way to guarantee the inter-cell orthogonality in non-identical bandwidth among UEs.
· Proposal 2:
· DMRS base sequence and CS hopping should be configured independently for OCC based inter-cell orthogonality.
· Proposal 3:
· RAN1 should carefully study the introduction of IFDM based PUSCH DMRS by using system level evaluation.
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5. Annex

5.1. Simulation assumptions
5.1.1. Homogeneous deployment
Table 4 Simulation assumption for homogeneous deployments
	Parameters
	Assumptions

	Deployment scenarios
	CoMP scenario 1 (intra-site CoMP)

	Simulation case
	3GPP case 1 3D (downtilt = 15 deg.)

	Cell layout
	Hexagonal grid layout

19 cell sites / 3 cells per cell site, wrap-around

	Bandwidth
	10 MHz, 48 RBs for PUSCH

	Carrier frequency
	2 GHz

	Number of UEs per cell
	10

	UE speed
	3 km/h

	Antenna configuration
	1 x 2
ULA with 4 spacing at eNB

	Access scheme
	SC-FDMA

	Traffic model
	Full buffer traffic

	Maximum transmission power at UE
	23 dBm

	Transmission power control
	Open loop TPC
P0 = -84 dBm,  = 0.8

	Received type
	Linear MMSE w/o IRC

	CoMP scheme
	JR (joint reception) CoMP in CoMP case

	Channel model
	SCM urban macro (Azimuth spread = 8 degree)

	DMRS settings
	Orthogonal and non-orthogonal DMRS (see Annex 5.2)

	SRS settings
	Adaptive transmission bandwidth: [48, 24, 12, 4] RBs

5 msec period

SRS hopping: on

	Channel estimation for demodulation
	Ideal and Realistic

	Channel sounding
	Realistic

	Link adaptation
	Realistic 

Target BLER = 10-1 for 1st packet

	Scheduling
	Proportional fairness
In CoMP case, each cell independently schedules UEs without any information from neighbour cells

	AMC and scheduling delay
	6 msec

	HARQ
	Chase combining

Synchronous and non-adaptive

Round trip delay = 8 msec

Maximum retransmission number = 4

	Backhaul assumption
	Zero delay and infinite capacity


5.1.2. Heterogeneous deployment

Table 5 Simulation assumption for heterogeneous deployments
	Parameters
	Assumptions

	Deployment scenarios
	CoMP scenario 3

	Bandwidth
	10 MHz, 48 RBs for PUSCH

	Carrier frequency
	2 GHz

	Macro area layout
	Hexagonal grid layout

19 macro cell sites / 3 macro areas per macro cell site, wrap-around

	Number of LPNs per macro area
	4

	Number of UEs per macro area
	25 for configuration 1

30 for configuration 4b

	UE speed
	3 km/h

	Macro eNB (high power RRH) Tx power
	46 dBm

	LPN (low power RRH) Tx power
	30 dBm

	Antenna configuration
	1 x 2

ULA with 4 spacing at eNB and LPN

	Access scheme
	SC-FDMA

	Traffic model
	Full buffer traffic

	Maximum transmission power at UE
	23 dBm

	Reception point selection
	Ideal selection

DL RSRP based reception point selection (CRE = 0 dB)

Pathloss based reception point selection (CRE = 16 dB)

	Transmission power control
	Open loop TPC

P0 = -106 dBm,  = 1 for macro and LPN UEs

	Received type
	Linear MMSE w/o IRC

	Coordination area for CoMP
	1 macro eNB and 4 LPNs within the macro area

	CoMP scheme
	JR (joint reception) CoMP in CoMP case

	Channel model
	ITU UMa for macro eNB - UE link

ITU UMi for LPN - UE link

	DMRS settings
	Orthogonal and non-orthogonal DMRS (see Annex 5.2)

	SRS settings
	Wideband transmission (48 RBs for all UEs)

10 msec period

	Channel estimation for demodulation
	Realistic

	Channel sounding
	Ideal

	Link adaptation
	Realistic 

Target BLER = 10-1 for 1st packet

	Scheduling
	Proportional fairness

In CoMP case, each cell independently schedules UEs without any information from neighbour reception point

	AMC and scheduling delay
	6 msec

	HARQ
	Chase combining

Synchronous and non-adaptive

Round trip delay = 8 msec

Maximum retransmission number = 4

	Backhaul assumption
	Zero delay and infinite capacity


5.2. Definitions of orthogonal and non-orthogonal DMRS
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Figure 2 Orthogonal and Non-orthogonal DMRS definition in CoMP scenario 1
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Figure 3 Orthogonal and Non-orthogonal DMRS definition in CoMP scenario 3
5.3. C.D.F. of UE throughput

Figure 4 shows the C.D.F. of UE throughput performances in CoMP scenario 1.
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Figure 4 C.D.F. of UE throughput (CoMP scenario 1)
Figure 5 and Figure 6 show the C.D.F. of UE throughput performances in CoMP scenario 3 configuration 1 and configuration 4b, respectively.
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	(a) DL RSRP based RP selection (CRE = 0 dB)
	(b) Pathloss based RP selection (CER = 16 dB)


Figure 5 C.D.F. of UE throughput (CoMP scenario 3, configuration 1)
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	(a) DL RSRP based RP selection (CRE = 0 dB)
	(b) Pathloss based RP selection (CER = 16 dB)


Figure 6 C.D.F. of UE throughput (CoMP scenario 3, configuration 4b)
Working assumption on PUSCH DMRS enhancement in Rel-11


UE-specific configuration of base sequence


UE-specific configuration of CS hopping


FFS whether the base sequence and CS-hopping are independently configured


consider resulting UL DMRS capacity in either approach


consider compatibility with inter-point interference randomization


FFS whether configuration is semi-static or dynamic


base sequence and CS hopping configurations may be different


coexistence of legacy UEs should be taken into account


consider signalling overhead of either approach


consider resulting UL system throughput from either approach 


Additional enhancements may be considered


E.g. study methods for inter-cell interference randomization and capacity enhancement, 


Other methods for inter-cell orthogonality.
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