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1. Introduction

3GPP has studied performance and feasibility of EB/FD-MIMO.  FD-MIMO, as a promising technology to provide significant performance gain compared to Rel 12, may support higher dimensional MU-MIMO, e.g. allow more than 4 UE pairing within a PRB for TDD and FDD. As one of objectives of EBF/FD MIMO WI [1], RAN1 shall discuss how to  

· Support of additional ports for DMRS targeting higher dimensional MU-MIMO
· The maximum number of DMRS ports that a UE may be able to receive is kept as 8
Therefore in this contribution, we will present our understanding of DMRS ports supporting EBF/FD MIMO transmission in Rel 13.  
2. Discussion of Additional DMRS Ports
In release 11, TM10 was introduced to support CoMP operation which has certain similarity with single-cell based MU-MIMO transmission. Up to two virtual cell IDs of DMRS can be signalled to a TM10 UE independent with actual transmission cell or point.  Quasi co-location between CSI-RS ports and DMRS ports need to be signalled to assist DMRS channel estimation. Type A or Type B can be configured by a serving cell using higher layer parameter qcl-Operation to decode PDSCH. 
In release 13, the study of EBF/FD MIMO has specially focused on single cell based 3D MIMO transmission. Due to some similarity with Rel 11 CoMP operation, it is worth examining the feasibility of reusing TM10 and existing DMRS ports to support high dimensional MU-MIMO. If existing DMRS ports are insufficient, how DMRS ports should be enhanced in Rel 13 to support high dimensional MU-MIMO better. 

2.1. Qcl-Operation in TM10
Quasi-collation is defined in 36.211 as “two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, and average delay”. 
In our understanding, Type A, by which the UE may assume the antenna ports 0-3, 7-22 of a serving cell are quasi co-located with respect to delay spread, Doppler spread, Doppler shift, and average delay, may not be a reasonable UE assumption for DMRS ports, depending on EBF/FD MIMO scheme and AAS virtualization.  
The virtualization of CRS ports 0-3 to an AAS may be different from CSI-RS and DMRS ports in order to satisfy specific requirements of control channel coverage and UE association for a serving cell. During the discussion of EBF/FD MIMO SI, RAN1 does not identify serious issues of control channel and UE association with CRS ports and considers CRS virtualization as an implementation issue. Therefore given different virtualization motivations between reference ports and AAS, which includes antenna element mapping and assignment of weighing factors, observed large-scale propagation channel property at UE side may be different, for example delay spread and Doppler spread.
For example, if CRS port 0 is beamformed by single column of AAS TXRUs with downtile 110 degree (or down tilt 20 degree) but DMRS ports 7-14 are beamformed by sub-column(s) of AAS TXRUs with downtile 70 degree (or up tilt 20 degree), propagation paths due to up or down tilt 20 degrees between the service cell and the UE are attenuated differently and may lead to different delay spread and average delay per reference port. Such a difference is introduced by AAS virtualization per physical channel and per reference port in EBF/FD MIMO. 
Type B assumes antenna ports 15-22 and antenna port 7-14 quasi co-located with respect to Doppler shift, Doppler spread, average delay and delay spread. Since CSI-RS is cell-specific RS and DMRS is UE-specific RS, virtualization between RS and AAS TXRUs may not be strictly equivalent in terms of observed propagation channel of RS at the UE side. For example, a DMRS port beamformed by 8 or more vertical TXURs can beam shaped to a narrow beam pointing to a vertical UE or single dominant path. A CSI-RS beamformed by a single TXRU can have a much wider beam experiencing and retrieve more propagation paths at the UE. It may lead to different large scale properties. Moreover EBF/FD MIMO schemes like beamformed CSI-RS may configure multiple precoded CSI-RS resources for measurement. Beamformed CSI-RS scheme may consider a joint transmission from multiple virtual sectors simultaneously which is similar with JT in Rel 11 (e.g. consider each virtual section as one transmission point). For JT-kind of beamformed CSI-RS schemes, the large scale channel property of DMRS ports can be considered as a composite channel of multiple virtual sectors and different from beam-formed CSI-RS port per virtual sector.     
· Proposal #1: Type A and B quasi co-location assumption may need to be revised for some EBF/FD MIMO schemes.   
2.2. Orthogonal DMRS ports in TM10
In TM10, two virtual cell IDs can be used to generate pseudo-random sequences and are configured per UE by high layer signalling. Consequently, increasing DMRS ports for high dimensional MU-MIMO is relatively straightforward in TM10 by assigning different virtual cell IDs for UE pairing. 
A moderate performance gain of using orthogonal DMRS ports compared to 2 scrambling sequences (or 2 quasi-orthogonal DMRS ports) was shown in Figure 7.2.2.2-2 in TR 36.897. The cell average UPT gain is roughly -3%~17% although some of results are based on ideal CSI knowledge at eNB and more or less optimistic. Such a gain will be further impacted and reduced by codebook design in FDD and UE density/pairing possibility. In general, only a small gain, if using orthogonal DMRS ports, can be expected compared to quasi-orthogonal DMRS ports. 
· Observation #1: The gain of using orthogonal DMRS ports only for FD-MIMO MU in Rel 13 can be even smaller in FDD taking into account ongoing codebook design. 
With respect to the number of MU pairing, our preliminary understanding is that it is still relatively limited. Generally speaking, the maximal MU layer may be up to 8 even for FD-MIMO with up to 64 TXRU in the best case. The channel quantization error related to codebook design will seriously impact if all 8 MU layers are used simultaneously. Residual interference due to inter-stream or inter-layer MU interference can restrict the likelihood of MU pairing at the eNB. At least with the existing codebook design, up to 3 or 4 users can be paired most of the time.  In fact most of our previous simulation activities up to Rel 13 consider 2 MU users only. So unless codebook design can significantly improve the pairing opportunity, there is no such need to support MU-MIMO with more than 4 UEs.

· Proposal #2: The number of MU pairing up to 4 UEs is sufficient for 3D MIMO. 
Compared to TM9, a UE in TM10 has no knowledge of scrambling sequences used for MU UE pairing. This may limit some UE implementation which may consider 4 Rx or other blind detection to improve DMRS channel estimation. Therefore, if considering TM10 to support high dimensional MU-MIMO, one solution is to provide assistance information of a set of virtual cell IDs to TM10 UEs. For example, 8 layer MU-MIMO need 4 scrambling sequences per cell and each UE can be signalled two extra scrambling sequences in case that those two sequences may be used by other paired UEs. 

· Proposal #3: Providing assistance information of virtual cell ID of TM10 to a UE may be beneficial for DMRS channel estimation by UE implementation. 
In addition, we need to determine what kind of SU and MU switching should be considered for MU-MIMO. Up to Rel 13, dynamic SU and MU switching can support either 2 UE pairing with 2 layers for each UE or 4 UE pairing with 1 layer for each UE.  It is interesting to see that UE vendors consider 4Rx for DMRS and MU transmission in the time frame of Rel 13. Therefore in our understanding the main motivation of DMRS enhancement in this WI is to support SU/MU dynamic switching with more than 2 layers per UE. Because with increasing numbers of TXRU and RX, the probability of high rank SU transmission, e.g. rank 3 and 4, can be increased as well.  Consequently, if two users are paired for MU transmission (and in our understanding 2 UE pairing is the mostly likely case), one UE can have rank 3~4 transmission and another UE can have rank 1~2 transmission.  
· Proposal #4: The main motivation of DMRS enhancement in EBF/FD MIMO WI is to support SU/MU dynamic switching with more than 2 layers per UE. 
2.3. DMRS Port Pattern

In case we want to enhance DMRS for MU-MIMO to support more orthogonal ports, there are several ways to do that as discussed during the phase of SI. Since DMRS ports 7~14 used for SU are orthogonal each other, there is no clear motivation to design new orthogonal DMRS pattern or port. From standards perspective, next question is to determine which DMRS ports should be used for MU-MIMO beyond ports 7 and 8.  

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


The solution using DMRS ports 7/8/11/13 is preferred in our understanding. Firstly if legacy UE using DMRS port 7 or 8 to participate MU with a Rel 13 UE, legacy UE does not need to puncture REs for DMRS port 9/10. The legacy and Rel 13 UE remains to be transparent to the MU operation and it can be paired with each other without any problem. Secondly the overhead of DMRS ports is not increased. Such DMRS enhancement will have the same overhead as Rel 12 MU with 12 DMRS RE per PRB.  Therefore it will lead to the minimal implementation and standards changes. 
· Proposal #5: If DMRS ports shall be enhanced for MU-MIMO to have more orthogonal ports, it is preferred to use existing DMRS ports 7/8/11/13. 

Another potential problem related to specification is that ports 7 and 8 are strictly defined by Walsh-Hadamard OCC with length 2 and ports 11 and 13 are defined by OCC with length 4, even the OCC of length two is nested into the OCC of length four.  A UE indicated with port 7 or 8 in DMRS enhancement can use OCC 2 or 4 by UE implementation, for example using OCC 4 for the UE with low mobility when the channel variance of DMRS ports between two time slots are sufficiently small. Note that ports 11/13 are only used for SU transmission in previous releases.  Therefore in order to introduce ports 11 and 13 into high dimensional MU operation, the impact to legacy UE should be carefully investigated.  
For example, when UE #1 with port 7 is paired with UE #2 with port 11, UE #2 will cause a large channel estimation variation at UE #1 between time slot 0 and 1, if OCC 2 is assumed by UE #1. Since MU transmission is transparent to UE #1, such a variation will cause certain degradation at UE #1 for DMRS channel and Doppler estimation.  If UE #1 is a legacy UE, the safest way is that UE #2, as a Rel 13 UE, should also use port 7 and 8.  If UE #1 is a Rel 13 UE, UE #1 may be able to autonomously detect the existence of MU pairing with port 11/13 so that UE #1 can be adaptive to use OCC 2 or OCC 4.  If UE #1 cannot do that, a new port definition is preferred, for example port 7’ with OCC length 4. 
· Proposal #6:  Pairing port 7/8 and port 11/13 should be further studied for potential UE implementation. 

3. Conclusions

In this contribution we discuss potential specification impact related to DMRS enhancement. We have following observations and proposals: 

· Proposal #1: Type A and B quasi co-location assumption may need to be revised for some EBF/FD MIMO schemes.   
· Observation #1: The gain of using orthogonal DMRS ports only for FD-MIMO MU in Rel 13 can be even smaller in FDD taking into account ongoing codebook design. 
· Proposal #2: The number of MU pairing up to 4 UEs is sufficient for 3D MIMO. 
· Proposal #3: Providing assistance information of virtual cell ID of TM10 to a UE may be beneficial for DMRS channel estimation by UE implementation. 

· Proposal #4: The main motivation of DMRS enhancement in EBF/FD MIMO WI is to support SU/MU dynamic switching with more than 2 layers per UE. 

· Proposal #5: If DMRS ports shall be enhanced for MU-MIMO to have more orthogonal ports, it is preferred to use existing DMRS ports 7/8/11/13. 
· Proposal #6:  Pairing port 7/8 and port 11/13 should be further studied for potential UE implementation. 
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