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1. Introduction

In RAN1#62bis meeting, the following conclusions on OCC and CS mapping table for UL DMRS were agreed. 

· Take the initial PDCCH-based OCC/CS table in R1-105747[1] as working assumption. 

· The following part could be revisited if there is consensus that  PHICH collision issue is not relevant

· Whether or not to have a revised table that allows up to 2 rows can supports OCC switching from layer 1 to layer 2

· FFS whether to allow switching between the above table and the above-mentioned revised table that supports OCC switching 

Below, we discuss the initial PDCCH-based OCC/CS table. 
2. Discussion
2.1. Review of the initial PDCCH-based OCC/CS table 
The mapping table in [1] was agreed as working assumption. On the other hand, it is still FFS whether or not to revise the table to support OCC switching from layer 1 to layer 2. Then, two tables for initial PDCCH-based OCC/CS table needs to be concluded.

Baseline table [1] (as described in table 1)
· OCC for layer k is derived from CSI considering both SU-MIMO and MU-MIMO
· For the 4 CSI values of {000,001,010,111}: nOCC,k= nOCC,0 for k=1 and nOCC,k=1-nOCC,0 for k=2,3
· For the remaining 4 CSI values of {011,100,101,110}: nOCC,k= nOCC,0 for k=1,2,3
Revised table (one example is described in table 2)
· OCC for layer k is derived from CSI considering both SU-MIMO and MU-MIMO
· For the 4 CSI values of {000,001,010,111}: nOCC,k= nOCC,0 for k=1 and nOCC,k=1-nOCC,0 for k=2,3
· For the 2 CSI out of the remaining 4 CSI values of {011,100,101,110}: nOCC,k= nOCC,0 for k=1,2,3
· For the 2 CSI out of the remaining 4 CSI values of {011,100,101,110}: nOCC,k= nOCC,0 for k=2 and nOCC,k=1-nOCC,0 for k=1,3
2.2. Comparison between the baseline table and the revised table 
We compare the baseline table and the revised table. 
Flexibility of PHICH resources

Considering the transmission of 2 PHICHs for SU-MIMO and the possibility of cross carrier scheduling where PHICHs for different CCs are transmitted on one CC, the flexibility of PHICH resource allocation would be important. There are two ways to reduce the PHICH collision. One is to control the starting RB position in the frequency scheduling and the other is to control the CSI.
If the starting RB position is controlled, the assigned RBs need to be shifted or reassigned to other RBs. This shift or reassignment is more difficult in case of uplink resource allocation type 1 (non-contiguous RA) because of per RBG assignment restrictions. Such assignment restriction would increase the scheduler complexity. Hence, it would be preferable to have the flexibility to control the PHICH resources by CSI in addition to the starting RB position.
For CSI, the more SU-/MU-MIMO scenarios OCC orthogonality is supported, the less CSI choices are available for a specific scenario, i.e. less flexibility of PHICH allocation. Since the revised table supports more scenarios than the baseline table, PHICH resource allocation for the revised table is not flexible compared to baseline table, i.e. only two CSI candidates for the 2nd and 3rd CSI sets, when eNB assigns the OCC mapping of 2nd and 3rd CSI sets. For example, in case of MU-MIMO where at least one UE uses more than 2 layers or in case of 2-layer SU-MIMO with different OCC, only two choices for PHICH resources is available. Moreover, choices of CSI for MU-MIMO with 2-layer UEs with unequal BW are also reduced. These restrict the scheduler operation and increase the complexity of the scheduler. Hence, we propose to adopt the baseline table. 
Performance of the revised table
To compare the baseline table and the revised table, we evaluated the BLER performance of following two options in 2-layer SU-MIMO with SIC receiver. 

· Option 1: Same OCC index for layer #0, #1 
· Option 2: Different OCC index for layer #0, #1 

The simulation results are shown in Fig.1-5 in Appendix. The simulation results show option 2 provides only a small gain compared to option 1 in high SNR case even with SIC receiver. 

From these results, the performance for the baseline table and the revised table would be similar. 
3. Conclusion

We compare two approaches for the initial PDCCH-based OCC/CS table from the scheduler complexity perspective and BLER performance. We propose to adopt the following baseline table: 

Baseline table [1]

· OCC for layer k is derived from CSI considering both SU-MIMO and MU-MIMO
· For the following 4 CSI values {000,001,010,111}: nOCC,k= nOCC,0 for k=1 and nOCC,k=1-nOCC,0 for k=2,3
· For the remaining 4 CSI values {011,100,101,110}: nOCC,k= nOCC,0 for k=1,2,3
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Appendix A: initial PDCCH-based OCC/CS table  
Table 1 Baseline table [1]
	Cyclic Shift Field
	[w(0)   w(1)]

	
	P=0
	P=1
	P=2
	P=3

	000 (0)
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]

	001 (6)
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]

	010 (3)
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]

	011 (4)
	[1 1]
	[1 1]
	[1 1]
	[1 1]

	100 (2)
	[1 1]
	[1 1]
	[1 1]
	[1 1]

	101 (8)
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]

	110 (10)
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]

	111 (9)
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]


Table 2 Revised table (Example)
	Cyclic Shift Field
	[w(0)   w(1)]

	
	P=0
	P=1
	P=2
	P=3

	000 (0)
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]

	001 (6)
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]

	010 (3)
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]

	011 (4)
	[1 1]
	[1 -1]
	[1 1]
	[1 -1]

	100 (2)
	[1 1]
	[1 1]
	[1 1]
	[1 1]

	101 (8)
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]

	110 (10)
	[1 -1]
	[1 1]
	[1 -1]
	[1 1]

	111 (9)
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]


Appendix B: Evaluation results 
We evaluated the average SNR vs. BLER performance between option 1 and 2 with link adaptation. Both MMSE and SIC receiver are evaluated. The evaluation parameters are shown in Table 3. 

· Option 1: Same OCC index for layer #0, #1
· Option 2: Different OCC index for layer #0, #1 
The simulation results of the BLER performance for (QPSK, 1/2), (16QAM, 1/2), (16QAM, 2/3), (64QAM, 1/2) and (64QAM, 2/3) are shown in Fig.3-7. As the results, even SIC receiver is used, the benefit of option 2 is marginal at data BLER = 0.1. Moreover, the difference between option 1 and 2 is further reduced in case of larger transmission BW (10 PRBs). 

Table 3 Simulation parameter
	System bandwidth
	5 MHz

	Waveform
	SC-FDMA

	Modulation, Coding rate
	For link adaptation : OFF 
(QPSK, 1/2) (16QAM, 1/2) (16QAM, 2/3)

(64QAM, 1/2) (64QAM, 2/3)

	Tx / Rx Antenna configuration
	2Tx /2Rx 

	Number of layers
	2

	Frequency allocation
	4RBs, 10RBs

	Channel model
	TU 12path, 3km/h

	MIMO detection
	MMSE, MMSE-SIC

	Channel estimation
	Actual

	One CS length 
	SC-FDMA Symbol length / 12 [us]

	OCC index, Cyclic shift index
	Option 1:(w0, 0)(w0, 6) for layer#0, #1

Option 2:(w0, 0)(w1, 6) for layer#0, #1

w0=[1 1], w1=[1 -1]
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(a) Transmission bandwidth (4RB)                     (b) Transmission bandwidth (10RB) 
Figure 1  average received SNR vs. BLER for (QPSK, 1/2)
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(a) Transmission bandwidth (4RB)                     (b) Transmission bandwidth (10RB) 

Figure 2 average received SNR vs. BLER for (16QAM. 1/2) 
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(a) Transmission bandwidth (4RB)                     (b) Transmission bandwidth (10RB) 

Figure 3 average received SNR vs. BLER for (16QAM. 2/3)  
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(a) Transmission bandwidth (4RB)                     (b) Transmission bandwidth (10RB) 

Figure 4 average received SNR vs. BLER for (64QAM. 1/2)  
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(a) Transmission bandwidth (4RB)                     (b) Transmission bandwidth (10RB) 

Figure 5 average received SNR vs. BLER for (64QAM. 2/3)  
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