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1. Introduction
In LTE-Advanced, DL DM-RS pattern should support rank 1-8 data transmission. At RAN 1 #58, the agreement on DM-RS for dual-layer beamforming had been reached [1]: 
· CDM for layers 1+2 for rank up to 2
· Mapping pattern is shown as below
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Figure 1 DM-RS pattern for rank 1-2 (normal subframe normal CP) (OCC=2)
At RAN 1 #58bis, further progress on DM-RS is made [2]:
· Conclusions: DM-RS for rank 3-4

· Alt1: 24 RE, CDM+FDM, OCC length = 2
· Alt2: 12 RE, CDM, OCC length = 4
· Baseline assumption for further investigations is Atl1, as below
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Figure 2 DM-RS pattern for rank 3-4 (normal subframe normal CP) (OCC=2)
· Conclusions: DM-RS for rank 5-8

· Baseline is CDM+FDM for further evaluations.

· Continue the study of SDM for further evaluation

· Same location with same density (24RE per PRB) as the Rank3-4 case
· FFS: DM-RS for rank 5-8
· Exact mapping
· OCC length(2 or 4)
· Whether or not RB bundling (from rank1 to 8) 
· (If yes) RB-bundling in frequency domain

· UE knowledge of precoding granularity, implicit or explicit, as a function of rank
· Bundling with single or multiple patterns (e.g, pattern rotation)

In this contribution, our views on the remaining issues of DM-RS for rank 5-8 are given. 
2. DM-RS Pattern & OCC Length
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            (a) Pattern 1 (OCC=4)                           (b) Pattern 2 (OCC=2)

                  Figure 3 Candidates for DM-RS pattern for rank 5-8 (normal subframe normal CP)

There are two main candidates for DM-RS pattern for rank 5-8, shown in Figure 3. 
· Pattern 1：This pattern is the same as the rank 3-4 pattern except that the OCC length is extended from 2 to 4. Within each CDM group (layer {1,2,5,6} or layer {3,4,7,8}), DM-RS ports are multiplexed by the length 4 orthogonal sequences over 4 REs spreading cross 9 OFDM symbols in time dimension. CDM groups are multiplexed by FDM. 
· Pattern 2: The OCC length of this pattern is 2, same as rank 3-4 pattern. Therefore, there are 4 CDM groups, and in each CDM group, only two DM-RS ports are multiplexed by CDM over two adjacent REs in time dimension. 
2.1 Comparison of Pattern 1 & Pattern 2

· Performance

The performance of Pattern 1 is comparable with that of Pattern 2 when the UE speed is low. However, Pattern 1 is more sensitive to the mobile speed. When the UE speed is high, it is hard to maintain orthogonality among different DM-RS ports in each CDM group of Pattern 1 for the second RE and the third RE are not adjacent. However, it should be noted that “high UE speed” is not the typical scenario of the higher rank transmission. Therefore, the fact of “Pattern 1’s sensitivity to mobile speed” may not be a big issue. 
· Complexity
If Pattern 1 is adopted for rank 5-8 DM RS pattern, the RE positions of each CDM group are not varied with the number of transmitted layers. Thus, the channel estimation algorithm for rank 1-4 pattern can be reused. In pattern 2, it is not the case. The variance of RE positions with number of ranks will increase the complexity of channel estimation in receiver side.
· Power Boosting
   For the same mapping of Pattern 1 and rank 3-4 pattern, the power boosting values of these two patterns are the same. Unlike Pattern 1, the adoption of Pattern 2 will cause different boosting values of Pattern 2 and rank 3-4 pattern due to the different number of REs occupied by each DM-RS port in each symbol. Even in pattern 2, the boosting values are also different between 6/7 symbol and 13/14 symbol. 
3. RB bundling
The total REs used for DM-RS in Rank 5-8 pattern are same to those in Rank 3-4 pattern, 24 REs per PRB. This means that the number of REs used for each DM-RS port in Rank 5-8 pattern is reduced, e.g., 3 REs per DM-RS port per PRB when the transmitted layers are 8 whereas 6 REs when the transmitted layers are 4. The reduction of REs per DM-RS port will result in the performance degradation of channel estimation. To keep the capability of channel estimation, RB bundling was proposed [3]. Through increasing the resource allocation and precoding granularity, RB bundling makes UE can jointly use multiple RBs to estimate the channel. In this way, the channel estimation accuracy is improved. Though RB bundling can improve the channel estimation performance, there still exists several problems needed to be carefully considered. 
· Impacts on Scheduler
If a UE is decided to adopt RB bundling, the scheduler has to allocate several adjacent RBs to this UE. This will bring constraints on the scheduler and reduce the scheduling flexibility. Under these constraints, the scheduler needs to comprehensively consider how to efficiently allocate resources to UEs with RB bundling and UEs without RB bundling. The complexity of scheduler is also increased. 
· Channel Dependency

  Though the channel estimation accuracy can be improved by RB bundling, on the other hand, the same precoding over multiple adjacent RBs will cause the loss of throughput, especially in the frequency selective channel. RB bundling needs to be carefully designed to tradeoff between the throughput loss induced by channel estimation accuracy and that induced by resource allocation and precoding granularity. In the less frequency selective channel, improving the channel estimation accuracy by RB bundling is more important; whereas in the frequency selective channel, keeping the flexibility of resource allocation and precoding is more important. 
· Rank Dependency

When the number of transmitted layers is 2 or 4, there are 6 REs per DM-RS port per RB; whereas when the number of transmitted layers is 8, there are only 3 REs per DM-RS port per RB, and these REs may not be enough to provide sufficient channel estimation accuracy. Therefore, the higher rank (rank>4) transmission may need RB bundling. Moreover, the higher rank transmission is more frequently used in the less frequency selective channel scenario. In this case, RB bundling is beneficial. Oppositely, the lower rank (rank<=4) transmission is more frequently used in the frequency selective channel, and the REs used for each DM-RS port seems to be enough. In this case, no bundling is more appropriate. 
· Bundling size
   Consideration of the complexity and the signaling overhead, fixed bundling size is more preferable. The accurate bundling size needs to be further studied to well compromise between the resource allocation/precoding granularity and the channel estimation accuracy, it seems should not be larger than 4 RB. 
· UE Complexity 
   The channel estimation with RB bundling is different to that without RB bundling. That means another channel estimation operation needs to be configured at UE if RB bundling is introduced. This will increase the UE complexity. But if the performance can be significantly improved, the paying of complexity is worth.
· Explicit or implicit signaling
     Comparing with explicit signaling which needs additional DL signaling overhead, implicit signaling using rank indication is more preferable, i.e., “rank >4” means the adoption of RB bundling whereas “rank<=4” means no bundling. 
· Pattern Rotation
   If Pattern 1 is adopted for Rank 5-8 pattern, no pattern rotation is needed. 
4. Conclusion

In this contribution, we discussed the R10 DL DM-RS design for rank 5-8. The discussions are summarized as follows: 

· Pattern 1 with OCC=4 is more preferable
· FFS RB bundling 
· If yes

· Rank>4, bundling; Rank<=4, no bundling
· Fixed bundling size, no larger than 4
· Implicit signaling through rank indication
· No pattern rotation
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