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1. Introduction

In RAN1 #60 meeting, the following conclusion has been reached [1] regarding orthogonal cover codes (OCC) for SU-/MU-MIMO:

[image: image1]
It was reported that OCC is a very useful solution for SU-MIMO to mitigate inter-stream interference, and for MU-MIMO to support the pairing with up to two UEs of non-equal bandwidth assignment. However, the impact for legacy UEs should be investigated carefully because group/sequence hopping is set by cell-specific manner and all the UEs in the cell should use non-hopping DMRS.
In this contribution, we show our views on introduction of OCC for UL DMRS, especially for the performance, signalling mechanism and sequence/group hopping case. And we advocate that OCC should be adopted for Release-10, indicated by implicit L1 signaling linked with Cyclic Shifts (CS).
2. Discussion on the introduction of OCC

2.1. Performance improvements by OCC

Our simulation result for SU-MIMO considering system level SCM is shown in Figure 1 in Annex. It was demonstrated that OCC can provide small gain of 1 % in the practical channel scenario. In addition, that for MU-MIMO assuming 1x2 antenna configuration is shown in Figure 2 and 3 in Annex as well. It was also demonstrated that the introduction of OCC can derive additional gain of 15 % over equal bandwidth MU-MIMO by the scheduling flexibility of non-equal bandwidth UE-pairing. 
From these results, we conclude that the introduction of OCC for MU-MIMO is reasonable from the performance perspective because it can keep the backward compatibility with Rel-8 and the impact for the specification is enough small (i.e. toggle the DMRS sequences on 2nd slot). Furthermore, we think OCC can be adopted for SU-MIMO even though the gain for SCM is small, because OCC will never harm the performance as far as different CSs are assigned for each layer even for the higher mobility scenario and the transmission mode of SU-MIMO .and MU-MIMO should be transparent from UE perspective. Therefore, we propose the following:
Proposal 1:

· OCC should be introduced for UL DMRS for both SU-MIMO and MU-MIMO
2.2. Signaling mechanism
As discussed in the e-mail reflector [14], SU-MIMO and MU-MIMO should be transparent from UE perspective to minimize the test efforts. In addition, this transition should be controlled dynamically because it depends on the scheduling. On the top of new features for Rel-10, a new DCI Format might be prepared (e.g. to include rank/precoder indication). On the other hand, Rel-10 UEs should support existing DCI Format 0 as well. If explicit 1 bit is supported to indicate OCC, OCC for DCI Format 0 wouldn’t be supported to utilize non-equal bandwidth MU-MIMO. Therefore, OCC should be indicated implicitly linked with CS (i.e. 3bit indication as Release-8 UL-grant) at least for Format 0, and other new DCI formats should support implicit OCC indication for the simplicity. Therefore, we propose
Proposal 2:

· OCC should be indicated via L1
· OCC is assigned linked with CS (i.e. implicit signalling)

· CS for each layer should be implicitly determined by 3 bit indication in UL grant (same as Rel-8)

2.3. OCC with sequence hopping and group hopping
One of the most difficult issues for the introduction of OCC is sequence hopping and group hopping, as discussed in RAN #60. However, if OCC is used in conjunction with sequence/group hopping, the performance will not decrease even if there is no benefit because the toggled DMRS sequence keeps the same auto-correlation and cross-correlation property. Therefore, we believe that OCC doesn’t impact on the legacy UEs and sequence / group hopping should not preclude the adoption of OCC. Of course, other alternatives can be considered for OCC sequence / group hopping because OCC will not provide any benefit for it.
Proposal 3:

· OCC can be employed regardless of group/sequence hopping
3. Conclusion

In this contribution, we showed our views on UL DMRS. Our conclusion can be summarized as following:

Proposals:

· OCC should be introduced for UL DMRS for both SU-MIMO and MU-MIMO

· OCC should be indicated via L1

· OCC is assigned linked with CS (i.e. implicit signalling)

· CS for each layer should be implicitly determined by 3 bit indication in UL grant (same as Rel-8)
· OCC can be employed regardless of group/sequence hopping
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5. Annex

5.1. Simulation for SU-MIMO OCC

Table 1: Simulation Assumptions

	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz

	Carrier Frequency
	2.0 GHz

	Antennas Configuration
	Tx: 4, Rx: 4

	Channel Model
	SCM urban macro
UE mobility: 3 kmph
UE antenna: cross polarized with 0.5 λ spacing
eNB antenna: cross polarized with 10 λ spacing

	Resource assignment for UE
	10 RBs

	Receiver Type
	Linear MMSE

	Rank adaptation
	On (1 - 4)

	Link adaptation
	On, Target BLER = 10-1

	Sampling Frequency
	32.55 ns

	FFT size
	2048

	Number of Occupied Subcarriers
	552 subcarriers (46RBs) for PUSCH

	Channel Estimation 
	Realistic for demodulation
Ideal for sounding

	SRS configurations
	SRS bandwidth: 48 RBs
SRS transmission interval: 10 ms
Delay from SRS to PUSCH transmission: 8 ms

	Cyclic Prefix Type
	Normal CP

	HARQ scheme
	Incremental Redundancy in TS 36.212

	Maximum Retransmission number
	4
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Figure 1: Performance comparison between w/ OCC and w/o OCC
5.2. Simulation for MU-MIMO OCC
Table 2: Simulation Assumptions

	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Inter-site distance
	Case 1 3D :500 m

	Number of UEs per sector
	10 UEs

	Maximum total UE Tx power
	23 dBm

	Access Scheme
	SC-FDMA, or DFT-S-OFDM with 2RB size RBG(up to 4 clusters)

	Power backoff for non-contiguous resource allocation
	CM based back-off for SC-FDMA
uniform back-off of 6dB for clustered DFT-S-OFDM

	Channel model
	SCM urban macro

	Antennas configuration
	Tx: 1
Rx: 2, Co-polarized linear array: antenna spacing = 10 lambda

	UE velocity
	3 km/h

	Receiver type
	Frequency domain equalization with linear MMSE w/o IRC

	Link adaptation
	Target BLER = 10−1

	Sampling frequency
	32.55 ns

	FFT size
	2048

	Number of occupied subcarriers
	600 (50 RBs, 10 MHz)

	Channel estimation
	Realistic for demodulation, and ideal for sounding

	Scheduling restriction by RB assignment field of DCI
	10 UEs at maximum per subframe

	Cyclic prefix type
	Normal CP

	HARQ scheme
	Chase combining (Synchronous non-adaptive)

	Maximum retransmission number
	4

	Turbo decoding
	Max log-MAP
Maximum iteration = 8

	Feedback(HARQ) delay
	4 ms

	Scheduling
	Proportional fairness in time and frequency domain

	Overhead
	PUCCH:
4 RBs
DMRS:
2 symbols per subframe,
SRS:
1 symbol/5 subframes

	Transmission power control
	Fractional TPC (P0 = −85 dBm, α = 0.8)
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Figure 2: CDF of user throughput for MU-MIMO
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Figure 3: Sector throughput for MU-MIMO























































































































































































































































Conclusion:


Continue discussion to RAN1#60bis, focusing particularly on the standardisation complexity of adopting OCC for SU-/MU-MIMO, including:


signalling mechanism and 


means to support OCC with sequence hopping and group hopping.
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