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1 Introduction

The DMRS patterns for rank 1-2 and rank 3-4 were agreed during RAN1#58 and RAN1#58bis meeting as shown in Fig.1 and Fig.2 [1-2].
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Fig. 1. Baseline DMRS pattern for rank 1-2
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Fig. 2. Baseline DMRS pattern for rank 3-4
The DMRS pattern for rank 5-8 was discussed, and the following points were noted:
Conclusions:
· Baseline is CDM+FDM for further evaluations.

· Continue the study of SDM for further evaluation

· Same location with same density (24RE per PRB)
FFS:
· 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, we further investigate the DMRS pattern for rank 5-8. The DMRS patterns of OCC length-2 and length-4 are compared in terms of complexity of channel estimation and power usage. 
We also analyze the performance of RB bundling for channel estimation and give a few observations for the further discussion of this option.
2 DMRS patterns for Rank 5-8
Based on CDM+FDM multiplexing, two DMRS patterns with orthogonal cover code (OCC) length-4 and length-2 are shown in Fig.3 and Fig.4 respectively [3-4].
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Fig. 3. Pattern 1, OCC length = 4
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Fig. 4. Pattern 2, OCC length = 2
Pattern 1 extends the length of OCC from 2 to 4 in the time dimension. The DMRS REs are divided into two groups printed in yellow and green respectively. Within each group, the DMRS of four layers are multiplexed using orthogonal sequences over four REs in time.
Pattern 2 uses length-2 OCC and DMRS staggering. The DMRS REs are divided into four groups printed in yellow, green, blue and red respectively. Within each group, the DMRS of two layers are multiplexed using orthogonal sequences over two adjacent REs in time. 
2.1 Some comparisons

Both the patterns use the same RE locations used for rank 3-4 DMRS pattern. But pattern 2 has the following disadvantages comparing with pattern 1 with respect to channel estimation and power usage. 
· Higher complexity of channel estimation in the terminal
For pattern 2, the DMRS REs positions of each layer for rank 5-8 transmission are different from the positions used in lower rank transmission. Here, the DMRS mapping position of four layers are mirror-symmetric to the other four layers. Furthermore, the DMRS mapping position is asymmetric between two slots in one subframe.

These properties of pattern 2 require a different operation of the channel estimation algorithms as a function of the total number of layers and also impose a different operation for the estimation of each individual DMRS layer when more than 4 layers are transmitted.
The main advantage of pattern 2 compared to pattern 1 seems to be the improved sampling property in the time domain. However, for the specific scenarios where transmission ranks >4 are applicable, i.e. very low mobility and low inter-cell interference, this advantage seems to be marginal.
· Unbalanced power usage and distribution

To sufficiently use the power assigned to each OFDM symbol, equal power across different OFDM symbols should be guaranteed even if the power allocated to each layer is different.

Due to the asymmetric design of pattern 2, the power distribution between OFDM symbols carrying DMRS may be very dependent on the number of layers, the power allocated to each layer and the number of PRBs allocated to the transmission. 
Therefore, considering the implementation complexity and power usage efficiency, pattern 1 in Fig 3 with OCC length-4 is preferred for rank 5~8.
3 RB bundling
RB bundling was proposed [6-7] for higher rank transmission to improve channel estimation performance. In RB bundling, a few contiguous RBs are scheduled to a UE and the same precoding vector is used for these contiguous RBs. Then the UE could perform joint channel estimation across these contiguous RBs to achieve higher channel estimation accuracy.
When adopting pattern 2 with OCC length-2 for RB bundling, the patterns in the two contiguous RBs should be rotated as shown in Fig.5.
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Fig. 5. Rotated Pattern 2 for RB bundling, OCC length = 2
3.1 Performance evaluations
In this section, the performances of pattern 1 and pattern 2 for RB bundling are evaluated with different bundling sizes and channel models, such as PA and TU.  The detailed simulation assumptions can be found in the Appendix.
The simulation results are shown in Fig.6~9. 
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Fig. 6. Throughput results for different RB bundling size, PA 3km/h
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Fig. 7. Throughput results for different RB bundling size,TU 3km/h
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Fig. 8. Throughput results for different RB bundling size, PA 30km/h
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Fig. 9. Throughput results for different RB bundling size, TU 30km/h
From the simulation results, we can see that 
· For lower speeds like 3km/h, pattern 1 and pattern 2 always provide similar performance with any bundling size in PA and TU channels. 
· For higher speeds like 30km/h, the performance of pattern 1 is worse than the performance of pattern 2, because of a worse channel tracing ability with CDM over two slots. But 30km/h may not be a typical scenario for rank 5~8 transmissions.

· The performance of PRB bundling depends on the frequency selectivity of the channel 

· With the PA channel model and low frequency selectivity,   
· RB bundling for both patterns can improve the throughput performance. However, the gain of about 0.5dB seems not large and does not significantly increase with higher bundling size.

The reason for that is that bundling can improve the channel estimation performance by making use of the high coherence bandwidth of the channel. But since the DMRS REs are already located at the RB edge, there is only limited gain from inter-RB channel estimation. As a result, the overall gain from bundling is limited.
·  With the TU channel model and higher frequency selectivity, 
· In most simulation cases, RB bundling for both patterns can’t improve the throughput performance. In case of TU at 30km/h, RB bundling for pattern 2 with the size of 2 PRBs is somewhat better than no-bundling in higher SNR regions, but with larger bundling sizes the performance is again below the no bundling case.
In this case, the frequency selectivity dominates the performance. It reduces both the inter-RB channel estimation gain and frequency selectivity precoding gain if bundling is used. So in such a frequency selective channel, there is no obvious reason to perform PRB-bundling.
3.2 Discussions on RB bundling 
From the above simulation results, there is no obvious gain from RB bundling. For higher speeds such as 30km/h, pattern 2 has better performance than pattern 1, which arises mainly from the shorter OCC length rather than from RB bundling. Here we also need to keep in mind that the main scenario for which we should optimise LTE-A is low speed, especially for higher rank transmission.

Observation 1:

Gains from RB bundling do not justify introducing different DMRS patterns for higher rank transmission. Therefore we still recommend reusing pattern 1.
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 2:

From a resource allocation aspect, RB 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 3:

From a feedback granularity aspect, the UE may perform inter-RB channel estimation implicitly if the precoding granularity is not smaller than feedback granularity.
4 Conclusions
In this contribution, we further investigate the DMRS pattern for rank 5-8.

Based on the performance evaluation and the analysis of implementation aspects and control signalling, we propose that
· Rank 5-8 transmissions use the same pattern as rank 3-4, with the length of the OCC extended from 2 to 4 in the time dimension 
[image: image10.wmf] 


Proposed DMRS pattern rank 5-8, OCC length = 4

In addition, the simulation results show that there’s no significant performance gain from PRB-bundling compared to no bundling. Taking additional complexity and constraints on the scheduler and on the precoding granularity into account, 
· we see no obvious reasons to adopt PRB-bundling.
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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 5~8

	Channel Coding
	Turbo code

	HARQ 
	On

	Number of PRBs for scheduling
	6 

	Channel estimation
	 2 ×1D- Wiener filter

	RB bundling size 
	1,2,6 RBs

	Detection Algorithm
	MMSE

	Feedback
	Perfect

	Precoding
	Non-codebook based precoding, SVD

Frequency precoding granularity is same as the RB bundling size













































































