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1 Introduction

At RAN1#59bis, it was agreed to adopt the hybrid CDM +FDM DMRS pattern for rank 5~8 and the length of orthogonal cover code (OCC) in time domain is 4 for both CDM groups [1].
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Fig. 1. DMRS pattern for rank 5-8
For downlink DMRS, the following issues are remaining for further study.

· Whether PRB bundling in frequency domain is needed for rank 1~8;
· OCC mapping for power balance between DMRS symbols;
we will further discuss these DMRS related issues in this contribution.
2 PRB bundling
PRB bundling was proposed [2-3] for higher rank transmission to improve channel estimation performance. In PRB bundling, a few contiguous PRBs are scheduled to a UE and the same precoding vector is used for these contiguous PRBs. Then the UE could perform joint channel estimation across these contiguous PRBs to achieve higher channel estimation accuracy.
2.1 Performance evaluations
In this section, the performances of PRB bundling for rank 1~8 are evaluated with different bundling sizes. In the simulation, PA channel model is assumed since it is the main scenario for PRB bundling. The detailed simulation assumptions can be found in the Appendix. In addition, the following two types of precoding granularity setting are considered.
· Type 1: Precoding granularity is fixed to 6 PRBs for each bundling size. This is more suitable for an FDD system in which precoding granularity at eNB depends on UE’s wideband or subband PMI feedback.  The corresponding simulation results are shown in Fig.2~4.

· Type 2: Precoding granularity equals to PRB bundling size. This is more suitable for TDD system in which precoding vector can be calculated through UL SRS at eNB. The corresponding simulation results are shown in Fig.5~7.
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Fig 2.Throughput for different PRB bundling size, PA 3km/h, rank 1~4, precoding granularity = 6PRBs 
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Fig 3.Throughput for different PRB bundling size, PA 30km/h. rank 5~8, precoding granularity = 6PRBs 
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Fig 4. Throughput for different PRB bundling size, PA 30km/h, rank 1~4, precoding granularity = 6PRBs
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 Fig 5.Throughput for different PRB bundling size, PA 3km/h, rank 1~4, precoding granularity = bundling size  
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Fig 6. Throughput for different PRB bundling size, PA 30km/h. rank 5~8, precoding granularity = bundling size
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Fig 7. Throughput for different PRB bundling size.PA 30km/h, rank 1~4, precoding granularity = bundling size
The simulation results can be summarized as in Table 1 below.

Table 1: Performance comparison under PA channel

	
	Precoding granularity = 6 PRBs
	Precoding granularity = bundling size

	Bundling size
	2 RBs
	6 RBs
	2 RBs
	6 RBs

	Performance gain
	0.6 dB (Rank1~4)
0.4dB

(Rank5~8)
	1.0dB
(Rank1~4)

0.7dB
(Rank5~8)
	0.4 dB (Rank1~4)

0.4dB
(Rank 5~8)
	0.8 dB (Rank1~4)

0.6dB
(Rank 5~8)


The performance gain of PRB bundling is 0.5dB~1.0dB depending on the bundling size and precoding granularity. When the precoding granularity is fixed to 6 PRBs, the improvement of PRB bundling becomes larger. The gain of PRB bundling for lower rank (1~4) is larger than that for higher rank (5~8).
The simulation results validate that PRB bundling can improve the channel estimation performance by making use of the high coherence bandwidth of the channel. But since the DMRS pattern design within one PRB has been optimized by locating DMRS REs at the edge of PRB, there is only limited gain from inter-PRB channel estimation. As a result, the overall gain from bundling is limited.
2.2 Discussions on PRB bundling 
If PRB bundling is used, additional control signalling indicating the bundling size is needed. But considering resource allocation type 0 defined in Rel-8, PRB-bundling could lead to low efficiency of the resource utilization or extra specification effort. With resource allocation type 0, eNB allocates contiguous RBs in the unit of RBG. And the specified sizes of RBG are 1,2,3,4. If the bundling size is not compatible with the RBG size, e.g. the bundling size is 2 and RBG size is 3, either eNB is forced to allocate 4PRBs, which lowers down efficiency of resource allocation, or one needs to specify which PRB is not bundled with other PRBs.
Observation 1:

From a resource allocation aspect, PRB bundling may bring extra specification effort and lower the efficiency of resource allocation.
In Rel-8, various feedback granularities are already defined according to the bandwidth and feedback modes. And in most cases, there is no reason for eNB to do precoding with smaller precoding granularity than the feedback granularity. Since the UE is aware of the feedback granularity, it may perform inter-RB channel estimation implicitly according to the feedback granularity. 
Observation 2:

From a feedback granularity aspect, the UE may perform inter-RB channel estimation implicitly if the precoding granularity is not smaller than feedback granularity.
2.3 Views on PRB bundling 
According to the performance evaluations and considering the additional complexity and constraints on the scheduler and on the precoding granularity, 

· We see no obvious reasons to adopt PRB-bundling.
3 Length 4 OCC mapping design
As discussed during Rel-9 DMRS design, length 2 OCC mapping scheme as show in figure 8 was accepted to make the OFDM symbols containing DMRS REs power balance. 
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Fig. 8 Rel-9 length 2 OCC mapping scheme
In Rel-10, up to 8 layers need to be supported and length 4 OCC will be used, in this case, power balance across the OFDM symbols containing DMRS REs is still necessary. The contribution [4] proposed mapping schemes as option 1, option 2 and option 3 shown in figure 9 for length 4 OCC.
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Fig.9 Rel-10 length 4 OCC mapping scheme
And Walsh cover code: 
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 is assumed. In figure 9, symbols a,b,c and d represent the element of the walsh cover code. The contribution [4] also proposed several design criterions for length 4 OCC mapping design:
· Time-domain orthogonality: a~d are mapped to four REs in the time domain.
· Frequency-domain orthogonality: a~d are mapped to the closest four REs in the frequency domain.
· Peak power randomization effect: a~d are mapped such that all a~d are included in the frequency domain.

Because option 1 breaks peak power randomization criterion, it should be dropped. The qualitative comparison among option 2, 3 and 4 is shown in table 3:
Table 3, Qualitative comparison of candidate patterns
	
	Backward compatibility
	2D-orthogonality
	Peak power randomization

	Option 2
	Best
	Worst
	Best

	Option 3
	Worst
	Best
	Best

	Option 4
	Best
	Medium
	Best


All three candidates fulfil peak power randomization criterion. But the DMRS REs Walsh covered for option 2 spaced too far away, so its orthogonality is not as robust as option 3 and option 4 especially under frequency selective channel. If without PRB-bundling, option 2 has no 2D-orthogonality at all. The 2D-orthogonal benefit from option 3 and option 4 compared with option 2 is FFS. 
Option 3 has better 2D-orthogonality than Option 4, but it breaks backward compatibility. Until now, for mapping design of length 4 OCC, it seems like backward compatibility is not that important as it seems like. The only problem may exist in MU-MIMO. If a Rel-9 UE is paired with a Rel-10 UE and Walsh code [1,-1,1,-1] is allocated to Rel-10 UE, in this case, Rel-9 UE can’t blind detect paired Rel-10 UE if backward compatibility broken. One of the solution is to always allocate Walsh code [1,-1,1,-1] to Rel-9 UE. Then there is no backward compatibility issue. Breaking backward compatibility may also bring implementation cost which we believe is very minor.
Proposal:

· If backward compatibility has the first priority, option 4 could be considered as the mapping scheme for length 4 OCC.
· If 2D-orthogonality has the first priority, option 3 could be considered as the mapping scheme for length 4 OCC.
4 Conclusions
In this contribution, we further discuss the remaining issues for DMRS design.
· For PRB bundling, from the simulation evaluation and scheduler constraints analysis
· We see no obvious reasons to adopt PRB-bundling.
· For OCC mapping scheme, if backward compatibility has the first priority, option 4 could be considered as the mapping scheme for length 4 OCC. If 2D-orthogonality has the first priority, option 3 could be considered as the mapping scheme for length 4 OCC.
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Appendix
Simulation assumptions
	Carrier Frequency
	2.0 GHz

	System bandwidth
	5MHz

	Number of Antenna
	8×8

	Channel model
	PA,TU, spatially uncorrelated

	UE Speed
	3km/h, 30km/h

	Link adaptation
	AMC, rank adaptation within rank 1~8

	Channel Coding
	Turbo code

	HARQ 
	On

	Number of PRBs for scheduling
	6 

	Channel estimation
	 2 ×1D- Wiener filter

	PRB bundling size 
	1,2,6 RBs

	Detection Algorithm
	MMSE

	Feedback
	Perfect

	Precoding
	Non-codebook based precoding, SVD

Frequency precoding granularity is same as the PRB bundling size, or precoding granularity is fixed to 6 PRBs
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