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1. Introduction
In the RAN1 58bis meeting, the DM-RS pattern for rank 1-4 was agreed as shown in Figure 1[1]

The summary of conclusions is in the following:
· Baseline is CDM+FDM for further evaluations.

· Continue the study of SDM for further evaluation

· Same location with same density (24RE per PRB)
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Figure 1  Proposed Pattern for Rank 1-4
 In this contribution, we consider the following aspects related to DM-RS design for rank 5-8.
· The discussion of OCC length (2 or 4).
· Whether or not RB bundling.
2. Discussion
2.1. The potential issues for DM-RS pattern design
When comes to the question of design for the higher order DM-RS pattern, the following aspects are frequently mentioned: 

· Compatibility. The DM-RS pattern for rank 1-4 has been confirmed in the RAN1 58bis meeting. So the pattern of rank 5-8 DM-RS has been basically decided. We should better keep backward compatibility, and accordingly reuse the DM-RS pattern structure for rank 1-4. Even though, the antenna port mapping mode of rank 5-8 may be different from the rank1-4 pattern.

· Performance. First of all, the pattern should be motivated by robustness and favorable performance. Also, Bundling across RBs, could be considered to enable joint channel estimation across multiple consecutive RBs to improve the channel estimation validity.
· Complexity. The design of the rank 5-8 DM-RS should take the feasibility of channel estimation implementation in UE into consideration.
2.2. DM-RS pattern design for rank 5-8 
Some candidate DM-RS patterns for rank 5-8 transmission were presented in [2] and [3-5]. In this contribution, we will further compare these patterns.
Figure 2 shows the DM-RS mapping patterns for rank 5-8.  The two patterns use the same RE position as rank 1-4 DM-RS pattern in each RB and are all based on a hybrid CDM/FDM approach. Orthogonality of DM-RS ports within CDM groups is guaranteed by assigning orthogonal cover code of length 2 or 4 to the associated DM-RS port. In figure 2(a), two layers are multiplexed by a length-2 OCC and four different CDM groups (Layer1&2, Layer 3&4, Layer 5&6 and Layer 7&8) are in FDM. Also, it is designed as a staggered pattern to get better performance. In figure 2 (b), four layers are multiplexed by a length-4 OCC, and two different CDM groups (Layer1&2&5&6 and Layer 3&4&7&8) are multiplexed in the frequency domain.
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Figure 2 DM-RS Mapping Patterns for Rank 5-8
We evaluate the BLER performance of the two DM-RS patterns for rank 6 transmission. The simulation parameters are shown in Appendix. No rank adaptation is used in the simulation, and the channel rank is fixed to 6. The precoding assumption is SVD-based beamforming. For Length-2 OCC pattern, orthogonal codes [+1 +1], [+1 -1] are used. For Length-4 OCC pattern, the following Walsh cover codes are used in the simulation: [+1 +1 +1 +1], [+1 -1 +1 -1], [+1 -1 -1 +1], [+1 +1 -1 -1]. Figure 3 indicates the BLER performance of the two DM-RS mapping patterns for rank 5-8 in UE speed of 3 km/h and 30 km/h. From the simulation result, we can find that DM-RS pattern with OCC length-4 in figure 2(b) provides slightly better BLER performance compared to OCC length-2 in figure 2(a) under different modulation schemes. 
Length-2 OCC pattern offers better performance in high velocity due to the fact that the pattern has a short spread structure in time domain. For length-4 OCC pattern, the DM-RS of four layers are multiplexed using orthogonal codes over four REs in time domain. And the four REs are divided into two separated groups in time which have two consecutive REs in each group. Of course, this kind of pattern would lead to a natural performance loss at higher speed. However, the disadvantage is limited since it is known that higher rank transmission (rank>4) is applied only in low UE velocity and small delay spread. And because of the thick REs density of length-4 OCC pattern, this pattern also has better performance in large delay spread environment.
When taking compatibility issues into account, it is obviously that length-4 OCC pattern has better backward compatibility. It has completely compatible antenna port mapping mode with rank 1-4, whereas the antenna port mapping method of length-2 OCC pattern has changed the mapping mode of rank 1-4 pattern. Of course, the performance of length-2 OCC pattern has greatly improvement after RB bundling. However, considering the compatibility problems, we are not preferred to introduce a pattern without backward compatibility.
Meanwhile, it is significant to choose a simple channel estimation operation for different transmission ranks. Due to the DM-RS mapping of each layer is uniform in length-4 OCC pattern, and the pattern is totally symmetric between two slots in one subframe, the length-4 OCC pattern has certain superiority in terminal channel estimation to some extent. 
Considering BLER performance, compatibility and channel estimation complexity, we prefer to adopt DM-RS pattern with OCC length-4 in figure 2(b).
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Figure 3 Performance Comparison of Different DM-RS Patterns in 3km/h and 30km/h
2.3. Some considerations on RB bundling
To obtain adequate channel estimation accuracy with current overhead, RB bundling was proposed in [2] for higher rank transmission. In this operation, certain contiguous RBs are using the same precoding vector and the RB group is scheduled to the same UE.
Figure 4 presents a possible bundling pattern of DM-RS pattern with OCC length-4 in figure 2(b). We take bundling-size-two as an example. Here, we use a pattern adopting the same DM-RS pattern in each RB which could improve channel estimation due to better channel interpolation possibilities in frequency.
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Figure 4 DM-RS Bundling Patterns for Rank 5-8
In our simulation, the bundling granularity is selected as 1 RB, 2 RBs and 6 RBs. The channel rank is fixed to 6. More simulation parameters are shown in Appendix. Simulation results are provided in figure 5 and 6. Figure 5 and 6 describes the BLER performance comparison of different bundling size of OCC length-4 pattern in TU and PA channel scenario, respectively. 
Obviously, channel estimation span can be increased by RB bundling. However, there is a trade-off between gains from channel interpolation span in frequency and losses from increasing frequency selective precoding granularity. This can be seen in figure 5 and figure 6. The optimal bundling size is channel scenario dependent. In TU channel, the increasing of bundling granularity will cause the performance losses in some degree. This is owing to the fact that the performance improving space after channel estimation interpolation of the bundling pattern in our simulation is rather small. Consequently, with the increasing of bundling granularity, the improvement of channel estimation performance is limited. On the other hand, the precoding granularity goes up with the raising of bundling size, which will lead to certain negative effect on precoding performance. Hence, taking an integrated consideration, under the scenario of 3GPP TU channel, with the increasing of bundling granularity, the system performance decreased instead. However, in PA channel, because of the small delay spread of the scenario, the performance of precoding could not be affected in certain RB bundling granularity. Therefore, in PA channel, the BLER performance has some improvement after bundling.

It can be seen from the simulation results that bundling granularity has not so much influence on the current pattern. We could choose a different bundling pattern which uses different pattern in each RB (such as 2 RBs as a bundling group) to improve the bundling performance. Even though, due to the issues of signaling transmission, scheduling constrains and performance improvement, whether or not bundling should be FFS.
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3. Conclusions
In this contribution, we discussed the DM-RS pattern design for rank 5-8 in LTE-Advanced system and the bundling granularity in order to improve the trade-off between channel estimation performance and RS overhead. According to the analysis above, we propose:
· DM-RS pattern with OCC length-4 in figure 2(b).

· Whether or not bundling should be FFS.
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Appendix: link level simulation parameters

	Parameter
	Assumption

	Antenna configuration
	8x8

	Transmission rank
	Rank-6 (no rank adaptation)

	Number of codewords
	2 CWs

	Carrier frequency
	2.0 GHz

	Bandwidth
	20M

	Channel model
	3GPP TU、PA

	Modulation、Code rates
	QPSK 1/2、16QAM 1/2

	Channel code
	Turbo code

	Precoding
	SVD

	Channel estimation
	Real 

	Receiver
	MMSE

	Scheduled resource block
	6 RB

	Bundling granularity
	1RB、2 RB、6RB

	UE mobile speed
	3km/h、30km/h





Figure 6 Performance Comparison of Different Bundling Size in PA channel





Figure 5 Performance Comparison of Different Bundling Size in TU channel
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