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1 Introduction
In RAN1#59b, it is decided to continue evaluation on OCC. This contribution gives out comprehensive evaluation and detail analysis to the impacts of OCC on UL DM RS for LTE-A. It can be found that
· For SU-MIMO scenarios, OCC should not be introduced to distinguish different layers since OCC only brings gain in quite infrequent scenarios with additional complexity.

· For MU-MIMO scenarios, although OCC can enable non-equal bandwidth allocation with limited performance gain over equal bandwidth allocation, the application of OCC in sequence group hopping enabled configuration needs to be designed at first. 

2 Brief introduction to OCC
Orthogonal cover code (OCC) was introduced as a multiplexing enhancement scheme besides cyclic shift (CS) for uplink demodulation reference signal (UL DM RS) [1]. With the enhancement, different orthogonal codes can be covered on DM RSs between two slots of a subframe for different layers. The orthogonal codes include {+1, +1} and {+1, -1} currently. Such enhancement will introduce impacts to both SU-MIMO and MU-MIMO scenarios.
3 Impact of OCC for SU-MIMO

3.1 Impact to channel estimation
The direct impact with different DM RS schemes is channel estimation accuracy. Simulation is carried out for SU-MIMO with CS, OCC and CS+OCC schemes. The assumptions are given in Appendix 1 and the Mean Square Error (MSE) performance of channel estimation is shown in Fig. 1. Two channel estimation methods are considered, including

· Separate Scheme: channel estimation algorithm is carried out with each DM RS symbol separately; based on the estimation results for DM RS symbols, interpolation in time domain is carried out to get the estimated channel for data symbols.

· Joint Scheme: channel estimation algorithm is carried out with both DM RS symbols jointly; and the estimation result is just the estimated channel for all data symbols.

Note that only Joint Scheme can be adopted for OCC. Joint Scheme performs better than Separate Scheme in semi-static scenarios but worse even in slow-moving scenarios.
From the results, it can further be observed that:

· In semi-static scenarios (3kmph), OCC or CS+OCC cannot bring gain over CS for 2x2 antenna configuration since the separation with different CSs can well guarantee orthogonality between different antenna ports; limited gain with OCC or CS+OCC can be obtained only for 4x4 antenna configuration in high SNR.
· Even in slow-moving scenarios (30kmph), there is a floor for MSE performance with OCC or CS+OCC with Joint Scheme. When Separate Scheme is adopted, no gain can be obtained.
Observation1:

· With OCC, there is no gain in moving scenarios for channel estimation; limited gain is found only for 4x4 antenna configuration in high SNR in semi-static scenarios. 
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a) 2x2; 3kmph                                              b) 2x2; 30kmph
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c) 4x4; 3kmph                                              d) 4x4; 30kmph
Fig. 1 MSE of channel estimation with CS, OCC, and CS+OCC schemes
3.2 Impact to transmission reliability
In [2], block error rate (BLER) performance has been shown with 16QAM for both 2x2 and 4x4 antenna configurations. Similar results can be found in [3,4]. The conclusion is that OCC cannot bring evident gain to BLER performance.

Simulation results is given to indicate that OCC can bring evident gain for 64QAM and rank=4 in [3]. However, it is an infrequent case from a system point of view. System-level simulation is carried out to obtain the distribution probability of different ranks and modulations for both Case1 and Case3, as shown in Table 1 and Table 2. The detail simulation assumptions can be found in Appendix 2. Note that when there are 2 codewords, the higher-level modulation is assumed (e.g. when one codeword adopts 16QAM and the other 64QAM, 64QAM is taken as the modulation in the statistic). From the results, the probability with rank=4 is about 0.05% in Case1 and less than 0.4% in Case3; and the case with 64QAM and rank=4 seldom happens. Consequently, it seems not worthy to enhance UL DM RS with OCC for a rare case.
Observation2:
· OCC cannot bring evident gain to transmission reliability from the system level point of view.
Table 1 Probability for different ranks and modulations in Case1
	Rank
Modulation
	1
	2
	3
	4

	QPSK
	0.9695%
	0.5015%
	1.5105%
	0.0284%

	16QAM
	3.6567%
	11.6478%
	6.1380%
	0.0229%

	64QAM
	17.0361%
	55.0322%
	3.4564%
	0%


Table 2 Probability for different ranks and modulations in Case3
	Rank
Modulation
	1
	2
	3
	4

	QPSK
	12.1325%
	2.7742%
	3.2497%
	0.3452%

	16QAM
	20.3688%
	19.5121%
	3.3514%
	0.0013%

	64QAM
	25.0369%
	12.9447%
	0.2832%
	0%


3.3 Impact to transmission efficiency
In [5], evaluation is given to indicate the introduction of OCC can bring gain to the throughput. However, the evaluation did not take rank adaptation into consideration, which is an important feature for uplink transmission in LTE-A.
Fig. 2 shows simulation results for throughput performance for both 2x2 and 4x4 antenna configurations and both 3kmph and 30kmph moving scenarios. Simulation assumptions can also be found in Appendix 1. Note that rank adaptation is adopted in the simulation. It can be observed that:
Observation3:

· OCC cannot bring gain to transmission efficiency when rank adaptation is considered.
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c) 4x4; 3kmph                                              d) 4x4; 30kmph

Fig. 2 Throughput with CS, OCC, and CS+OCC schemes

3.4 Impact to inter-slot frequency hopping

As introduced in [6], OCC requires similar channel fading for two DM RS symbols, so frequency hopping between two slots in a subframe should be disabled. This degrades system performance and scheduling flexibility since diversity gain cannot be obtained.
Observation4:

· Performance gain with inter-slot frequency hopping cannot be obtained with OCC.
3.5 Impact to Doppler frequency shift estimation

From the evaluation results and analysis above, OCC can bring gain only in semi-static scenarios. In moving scenarios (even 30kmph), performance with OCC is evidently worse than CS. Hence it is required that eNB can estimate the exact moving speed of a UE before eNB allocates a certain OCC to the UE. If eNB judges that the UE is in semi-static scenarios through Doppler frequency shift estimation but the UE is actually moving with a speed of 30kmph, the transmission will usually fail when the UE adopts OCC to generate UL DM RS, which further degrade transmission throughput as shown in Fig. 2.

Note that eNB usually resorts DM RS or SRS for Doppler frequency shift estimation. When there is a long time between adjacent data transmissions or the SRS periodicity is large (which is quite likely to happen in a practical system), the estimation accuracy is quite poor, which further causes eNB to make incorrect scheduling decision. Hence Doppler frequency shift estimation has to be strengthened for OCC. Further, an LS to RAN4 is required to evaluate accuracy of Doppler frequency shift estimation in case that OCC is accepted for SU-MIMO.

Observation5:

· OCC requires high accuracy for Doppler frequency shift estimation. An LS to RAN4 is required to evaluate the accuracy of Doppler frequency shift estimation in case that OCC is accepted for SU-MIMO.
4 Impact of OCC for MU-MIMO

4.1 Impact of system performance

It is proposed that OCC can be utilized to enable MU-MIMO with non-equal bandwidth allocation [7]. Due to the fact that higher scheduling flexibility is obtained, system throughput can be improved. System-level simulation is carried out to show the improvement. Simulation assumptions are given in Appendix 2, and the results can be found in Table 3. From the result, non-equal bandwidth allocation brings less than 7% improvement for cell average throughput but loss for cell edge UEs over equal bandwidth allocation. Note that such gain is obtained assuming that all UEs stay in semi-static scenarios. The gain is less when some UEs are moving since channel variation affects orthgonality of OCC. It may be possible that OCC can bring higher gain in certain scenarios. Such scenarios can be FFS. Alternatively, OCC can also be utilized to support sounding on DM RS, so as to enable frequency hopping for the scheme to solve SRS capacity issue [9].
Observation6:

· OCC can enable non-equal bandwidth allocation, which brings less than 7% improvement for cell average throughput but loss for cell edge UEs over equal bandwidth allocation.
Table 3 Throughput improvement for non-equal bandwidth allocation over equal bandwidth allocation
	
	Cell average throughput improvement
	Cell edge throughput improvement

	Improvement percentage
	6.93%
	-1.13%


4.2 Impact to sequence group hopping
It is commonly accepted that OCC cannot always guarantee DM RS orthogonality in MU-MIMO scenarios with non-equal bandwidth allocation for current sequence group hopping configuration [2,5,8]. Sequence group hopping has to be disabled once OCC is adopted, which brings impact to PUCCH coverage.

If OCC is adopted to support MU-MIMO, current slot-level sequence group hopping may be optionally replaced by subframe-level sequence group hopping so as to guarantee orthogonality by OCC.

Observation6:

· OCC cannot always guarantee DM RS orthogonality in MU-MIMO scenarios with non-equal bandwidth allocation for current sequence group hopping configuration.
5 Conclusion
This contribution gives out comprehensive analyses to the impacts of OCC on UL DM RS for LTE-A. Based on the observations, it is proposed that:

· For SU-MIMO scenarios, OCC should not be introduced to distinguish different layers since OCC only brings gain in quite infrequent scenarios with additional complexity.
· For MU-MIMO scenarios, although OCC can enable non-equal bandwidth allocation with limited performance gain over equal bandwidth allocation, the application of OCC in sequence group hopping enabled configuration needs to be designed at first. 
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Appendix 1: Link-level simulation assumptions

Table 3 Link-level simulation assumptions
	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	System bandwidth
	5 MHz

	Slot format
	Normal CP (7 symbols per slot)

	Channel coding
	Turbo code

	Codeword number
	Adaptation between 1 or 2

	Receiver
	MMSE

	Channel model
	Typical Urban (TU) [10]

	Speed
	3km/h, 30kmph

	Data transmission BW
	10 PRBs, Fixed BW Allocation

	Antenna configuration
	2x2, 4x4

	Tx/Rx Antenna correlation
	0.0

	Channel estimation
	Realistic

	Rank adaptation
	Yes

	DM-RS Configuration for 2x2
	CS
	Antenna port 0: CS=0, OCC=[+1 +1]

Antenna port 1: CS=6, OCC=[+1 +1]

	
	OCC
	Antenna port 0: CS=0, OCC=[+1 +1]

Antenna port 1: CS=0, OCC=[+1 -1]

	
	CS+OCC
	Antenna port 0: CS=0, OCC=[+1 +1]

Antenna port 1: CS=6, OCC=[+1 -1]

	DM-RS Configuration for 4x4
	CS
	Antenna port 0: CS=0, OCC=[+1 +1]

Antenna port 1: CS=3, OCC=[+1 +1]
Antenna port 2: CS=6, OCC=[+1 +1]

Antenna port 3: CS=9, OCC=[+1 +1]

	
	OCC
	Antenna port 0: CS=0, OCC=[+1 +1]

Antenna port 1: CS=0, OCC=[+1 -1]
Antenna port 2: CS=6, OCC=[+1 +1]

Antenna port 3: CS=6, OCC=[+1 -1]

	
	CS+OCC
	Antenna port 0: CS=0, OCC=[+1 +1]

Antenna port 1: CS=3, OCC=[+1 -1]
Antenna port 2: CS=6, OCC=[+1 +1]

Antenna port 3: CS=9, OCC=[+1 -1]


Appendix 2: System-level simulation assumptions
Table 4 System-level simulation assumptions
	Description 
	Assumption 

	Layout 
	19 sites - 3 sector/site – wrap-around 

	Propagation scenario 
	3GPP Case 1 and Case 3, 3D for Section 3.2 in the contribution;
3GPP Case 1, 3D for Section 4.1 in the contribution;

	System Bandwidth 
	10 MHz

	Radio Channel 
	SCM 

	Antenna setting 
	4x4 for Section 3.2 in the contribution;
1x4 for Section 4.1 in the contribution

	User transmission bandwidth 
	Contiguous in frequency 

	Power Control 
	FPC formula ((=0.8, the value of P0 is set to satisfy IoT requirement for ITU evaluation) 

	HARQ 
	Synchronous and non-adaptive CC

	Traffic model 
	Full buffer 

	Scheduling method 
	Proportional fair 

	Sounding signal periodicity 
	5 ms 

	Rank adaptation
	Yes

	Number of UEs per sector 
	10






















































































































































































































































































































































































































































































































































