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1. Introduction

In previous RAN1 meetings, some decisions were made on DMRS pattern design [1][2] under normal CP. In the baseline patterns shown in Figure 1, 12 REs in green are used for rank1~2 with OCC=2; both 12 green REs and 12 blue REs are used with OCC=2 for rank3~4 and with OCC=4 for rank 5~8. All OCC mappings are done in time domain.
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Figure 1 DMRS pattern in normal CP

In this contribution, we describe our opinions on some of remaining DMRS design issues, such as PRB bundling, OCC mapping and etc.

2. PRB bundling
The main advantage of PRB bundling [1]-[8] is the improvement of the channel estimation accuracy by jointly using DMRS from multiple PRBs. But some problems would arise with introduction of PRB bundling.
· Impacts on Scheduler: the granularity of scheduler must be integer multiple of PRB bundling size, which adds additional constraint to scheduler and may reduce the multiuser scheduling gain. In addition, the potential loss due to increased precoding granularity needs to be considered.
· Channel estimation complexity: when PRB bundling is introduced, the single channel estimation operation is based on more samples and may involve more correlation coefficients, so UE complexity is increased. Such complexity is even higher if multiple bundling sizes or bundling patterns are allowed.
Besides the above negative problems, some other aspects need to be considered:

· The key motivation of PRB bundling is the performance gain shown with DMRS pattern with OCC=2 for rank 5-8. After OCC=4 for rank 5-8 is agreed in RAN1 #59bis, the necessity of PRB bundling is not as strong as before.
· According to the simulation in [1], PRB bundling brings performance gain only in very less-frequency-selective channel, while the gain is very little when frequency selectivity gets higher. Figure 2 shows the link level simulation results based on the agreed DMRS pattern under normal CP. It can be seen that the bundling gain is very small for lower rank transmission and is only noticeable under higher rank in less frequency selective channel. 
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Figure 2 Comparison for DMRS bundling under frequency selectivity
· LTE R8 defines three resource allocation types. In the distributed type1 and type2 resource allocation, it is difficult to guarantee continuous PRBs allocation showing regular size of contiguous PRB. So if PRB bundling should be supported, it needs to be turned on only with localized resource allocation, such as type0 and localized type2. In those cases, the PRB bundling size can be either the same as RBG size for type0, or one of fixed values for localized type2. 
So, considering the scheduler restriction, channel estimation complexity and limited performance gain, we think PRB bundling should not be supported for normal CP.
3. Layer to DMRS mapping
In the discussion of how to map the transmission layers to DMRS ports, the following aspects need to be considered.
· Grouping of DMRS ports 
The DMRS pattern in Figure 1 constructs two CDM groups when rank>2. In order to avoid high inter-layer interference caused by channel variation, the number of DMRS ports in each CDM group should be as much symmetric as possible given any total number of DMRS ports. Based on this principle, the DMRS ports in two CDM groups can be defined as {7 8 11 13} and {9 10 12 14}, following the R9 definition that the UE specific RS port starts from port 7. 
· Mapping of transport block to transmission layer
[image: image5.png]1-layer 2-ayer 3ayer 4-1ayer

Only used for 1-CW. . >l

retransmission when e » > sP [ g

el anamiion 57 ¥coing i == e Rl <
[

consists of >1 CWs

Slayer 6layer T-ayer 8layer
EUIN Y =< y owt == cwt | y cwi | Y
— >| Y > sp — LY » sp [ Y N v
pre- | o > pre- | 4 > pre- [ >
coding |+ coding |+ coding |+ pre- |
owz f | H owe,J =2 e | t | owe | [coding|
>| | — H
siP v siP V| s Ly| =" "
> > Y





                     Figure 3 codeword to layer mapping
The transport block (or codeword) to layer mapping for LTE-A was agreed [9] in RAN1 #57 and is shown in Figure 3. In [10], the layer to DMRS mapping was discussed and two mapping principles for beyond rank-2 transmission were given.

· Intra-CW mapping: The DMRS ports associated with one CW are allocated exclusively in only one CDM group, either CDM group 1 or CDM group 2. 

· Inter-CW mapping: The DMRS ports associated with one CW can be allocated in both CDM groups. 

In this paper, both SU-MIMO and MU-MIMO based on above two principles are simulated with the following MIMO setup and layer-to-DMRS mapping. 
· SU-MIMO: 2 codeword, 2 layers per codeword.
· MU-MIMO: 2 UE, 2 layers per codeword per UE
· For intra-CW mapping: two CW are mapped onto DMRS ports {7,8} and {9,10}. 
· For inter-CW mapping: two CW are mapped onto DMRS ports {7,9} and {8,10}. 
From the simulation results in Figure 4, we can see that intra-CW mapping and inter-CW mapping can get almost the same performance. But with intra-CW mapping, it is easier to guarantee the layers of same codeword to have same power offset between DMRS RE and data RE per layer. So we prefer to intra-CW mapping, whose details are given in Figure 5.
4. Conclusion
In this contribution, we obtain further conclusions regarding to some of remaining issues on DMRS under normal CP.

· No PRB bundling is preferred for normal CP. But if PRB bundling should be enabled, the bundling-enable and bundling-disable can be based on resource allocation types, and the bundling size can be RBG size.

· Intra-CW mapping is more preferable.
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SU-MIMO case
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MU-MIMO case
Figure 4 Performance comparisons for intra-CW and inter-CW mapping

[image: image10.emf]rank5 rank6

rank7 rank8

rank1 rank2

rank3 rank4

7

CW1

8

7

CW1

8

CDM 

group

7

CW1

8

CW2

CDM 

group

9

CW2

7

CW1

CDM 

group2 10

CDM 

group1

8

9

CW2

7

CW1

CDM 

group2 10

CDM 

group1

8

CW2

7

CW1

CDM 

group2

CDM 

group1

13

8

11

9

14

10

12

CW2

7

CW1

CDM 

group2

CDM 

group1

13

8

11

9

14

10

12 CW2

7

CW1

CDM 

group2

CDM 

group1

13

8

11

9

14

10

12

CW2

7

CW1

CDM 

group2

CDM 

group1

13

8

11

9

14

10

12

9

7

CW1

CDM 

group2

10

CDM 

group1

8

9

7

CW1

CDM 

group2

10

CDM 

group1

8


Figure 5 Layer to DMRS port mapping
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Appendix. Simulation assumptions
	Configurations
	Values

	Carrier frequency (GHz)
	2

	Propagation model
	TU (3km/h  30km/h) 

	Antenna correlation
	Independent

	BW (MHz)
	5

	Frame structure
	LTE R8 FDD normal CP

	TB  Layer
	Rank 2: 1 codeword (2 layer per codeword); 

Rank 4: 2 codeword(2 layer per codeword)

	# Control symbol
	3 


	Number of PRBs
	4

	Channel estimation
	2DMMSE

	Detection (de-multiplexing)
	LMMSE

	# simulation TTI
	10000 

	Pre-code
	Per RB based SVD decomposition in every 3/5 sub-frame

	MCS
	Link adaptation, with OLLA enabled
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