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1. Introduction

In RAN#71, the WID [1] on eFD-MIMO has been approved.  One of the objectives is related to non-precoded CSI-RS:
· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission

In this contribution, we focus on the design principles for support of {20, 24, 28, 32} CSI-RS ports.
2. Discussion of design principles 

CSI-RS density:
With the density of 1RE/RB/Port for CSI-RS, more CSI-RS ports will consume more overhead, which is a challenge for support of up to 32 CSI-RS ports. The objective of the WID requires designing some mechanisms for reducing the overhead for CSI-RS transmission. Three schemes are provided for consideration. One has the density of 1RE/RB/Port for CSI-RS, and the other two have low density.
Scheme 1: Legacy density of 1RE/RB/Port
In this scheme, it follows the legacy approach that all the CSI-RS ports are repeated throughout the entire bandwidth. Figure 1 shows the example of CSI-RS pattern with 32 CSI-RS ports in the case of normal CP, normal subframe, Frame structure type 1 and 2.
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Fig. 1: CSI-RS ports with Legacy density of 1RE/RB/Port
Scheme 2:  Ports are multiplexed in FDM manner
In this scheme, not all the CSI-RS ports are located within a PRB.  Ports are multiplexed in adjacent PRB in FDM manner.   Figure 2 shows the example of CSI-RS pattern with 32 CSI-RS ports in the case of normal CP, normal subframe with Frame structure type 1 and 2. In Figure 2a, the first 16 CSI-RS ports (i.e. ports 15-30) are located in the even PRB and then latter 16 CSI-RS ports (i.e. ports 31-46) are located in odd PRB. 
In Figure 2b, the first 8 CSI-RS ports (i.e. ports 15-22) are located in all PRBs with the density of 1RE/RB/Port.  This is to make it compatible with legacy UEs.  The rest ports are multiplexed in adjacent PRB in FDM manner , with the next 12 CSI-RS ports (i.e. ports 23-34) located in the even PRB and then last 12 CSI-RS ports (i.e. ports 35-46) located in odd PRB.
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Fig. 2: CSI-RS ports are multiplexed in FDM manner for 32 ports
Scheme 3:  Ports are multiplexed in TDM manner
In this scheme, not all the CSI-RS ports are located within a PRB.  Ports are multiplexed in multiple subframes in TDM manner.   Figure 3 shows the example of CSI-RS pattern with 32CSI-RS ports in the case of normal CP, normal subframe with Frame structure type 1 and 2. The first 16 CSI-RS ports (i.e. ports 15-30) are located in the subframe n+2 and then latter 16CSI-RS ports (i.e. ports 31-46) are located in subframe n+3.
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Fig. 3: CSI-RS ports are multiplexed in TDM manner for 32 ports

Table 1: overhead for different schemes 
	Scheme type
	Scheme 1 (Legacy density)
	Scheme 2 (FDM)
	Scheme 3 (TDM)

	Overhead in a subframe
	32*NRB
	16*NRB or 20*NRB
	16*NRB


The overhead for three schemes is listed in Table1, where NRB is the number of PRBs in the entire bandwidth.
In Scheme 1, the granularity of CSI-RS ports is the same as in the legacy approach.  The UE can perform channel estimation individually in each PRB as full channel can be obtained in each PRB. The drawback of Scheme 1 is overhead of CSI-RS is larger. 

For Scheme 2 and Scheme 3, the granularity of CSI-RS ports is less than that of Scheme 1.  The average overhead is smaller than Scheme 1.  The difference between Scheme 2 and Scheme 3 is the sparser granularity in frequency domain or in time domain.   UE complexity is expected to increase in these two schemes as the UE needs to change the current implementation and combine the ports to obtain full channel in multiple PRBs or subframes.   The complexity of Scheme 3 may be slightly higher than Scheme 2 as Scheme 3 needs buffering for CSI-RS transmission subframes.  In Scheme 2, Figure 2b introduces additional flexibility, which means legacy UEs can reuse 8 ports from 32 port CSI-RS.
Proposal 1:  For reducing overhead, one of schemes of lowering CSI-RS density should be considered.
Aggregation
In Rel-13 discussion, defining the patterns of {12, 16} CSI-RS ports required quite some standardization effort.  {12, 16} CSI-RS ports are aggregated with existing CSI-RS configurations by signaling.  Similarly, it is nature to define the patterns of {20, 24,28,32} CSI-RS ports by aggregating the existing CSI-RS configurations by signaling as well.
Two types of units can be used in aggregation, one is CSI-RS configuration with 4 ports, and the other is CSI-RS configuration with 8 ports. With legacy aggregation method, for 24 ports (N, K) = (8, 3), for 32 ports (N, K) = (8, 4), for 20 ports (N, K) = (4, 5), for 28 ports (N, K) = (4, 7). In such aggregation for {20, 28} port CSI-RS,  16 port can't be reused for 16 port CSI operation with CDM4 e.g. for legacy UEs. This situation will bring additional overhead for the typical 16 port transmission with CDM4, or potential performance loss without CDM4. Meanwhile, the maximum number of units in aggregation reaches to 7 which results in higher UE complexity.  Instead, we can consider 2 schemes:
Scheme 1: Single type of unit in an aggregation

In this scheme, there is single type of unit in an aggregation, which is CSI-RS configuration with 8 ports. For example: for 20 ports, 3 CSI-RS configurations with 8 ports are in aggregation, only 20 ports after aggregating be used to transmit CSI-RS, which means 4 REs in the aggregation are left. The scheme can be summarized as the following equation. 
X=K*8-4                                                                                                                                         (1)
where X is the number of aggregated CSI-RS ports, K is the number of CSI-RS configurations in aggregation, and for X=20,K=3; for X=28,K=4.  
Note that in this scheme, signaling informs the UE which K 8-CSI-RS port patterns are aggregated.  The "-4" ports is fixed in the spec and therefore it is not required for additional signaling.  
Scheme 2: Two types of units in an aggregation

In this scheme, there are two types of units in an aggregation, one is CSI-RS configuration with 4 ports, and the other is CSI-RS configuration with 8 ports. For example: for 20 ports, 2 CSI-RS configurations with 8 ports and 1 CSI-RS configurations with 4 ports are in aggregation.  The scheme can be summarized as the following equation.
X=K*8+4                                                                                                                                         (2)
where X is the number of aggregated CSI-RS ports, K is the number of CSI-RS configurations in aggregation, and for X=20,K=2; for X=28,K=3.
Note that in this scheme, signaling informs the UE which K 8-CSI-RS port patterns and which 4 CSI-RS pattern are aggregated. 
For any of the two schemes, we can reuse the ports from 20 or 28 port CSI-RS for 16-port CSI-RS operation for legacy UEs. The maximum number of units in aggregation drops to 4, compared with legacy method. Scheme 1 has lower complexity, with only one type of CSI-RS configuration in aggregation. The drawback of Scheme 1 is that 4 REs per RB could be wasted.   For UEs without configuration of X(X=20 or 28) ports, X+4 REs of ZP CSI-RS corresponding to the X port CSI-RS have to be used for muting. 
Scheme 2 has higher complexity, with two type of CSI-RS configuration in aggregation. The merit of Scheme 2 is that no REs will be wasted. For UEs without configuration of X(X=20 or 28) ports, only X REs of ZP CSI-RS corresponding to the X port CSI-RS will be used for muting.
Proposal 2: Design of new CSI-RS by aggregating existing CSI-RS configurations should consider reusing the 16 ports from 20 or 28 port CSI-RS for 16-port CSI-RS operation for Rel-13 UEs. 
Full power utilization
With 6dB power boosting, CDM2 of CSI-RS has full power utilization of all 8 CSI-RS ports, where signals of 2 port CSI-RS are transmitted on the same two REs, which locate different OFDM symbols. 
For a BS transmitting at an antenna with maximum power when all the REs have the same EPRE, CDM4 of CSI-RS with 6dB power boosting will lift the power over the maximum power into nonlinear area, when full power utilization of all 16 ports. CDM8 with 6dB power boosting will meet the same problem, when full power utilization of all 32 ports and the situation will be more serious. So with 6dB power boosting limit, it doesn't seem to be useful to support CDM8 for full power utilization.
The design of CSI-RS depends on how power boosting can be done.  In fact, we are not sure if the limitation is still 6dB power boosting with the state of the art technology as the LS reply from RAN4 [2] was already 6 years ago.  So it would be preferable to again ask RAN4 whether such limitation still exists.
Proposal 3: Send an LS to RAN4 and ask them about the power boosting limitation.
Support of CSI-RS in DwPTS
In Rel-13, support of CSI-RS in DwPTS has been introduced with two types. One has 8 REs per PRB for support of CSI-RS with special subframe configuration {1, 2, 6, or 7}, and the other has 32 REs per PRB for support of CSI-RS with special subframe configuration {3, 4, or 8}. With the legacy density of 1RE/RB/Port for CSI-RS, it can be expected that up to 32 CSI-RS ports can be supported in DwPTS with special subframe configuration {3, 4, or 8}, following the similar method in normal subframe, and it can also be easily foreseen that more than 8 CSI-RS ports can’t be supported in DwPTS with special subframe configuration {1, 2, 6, or 7}.  With lower density for CSI-RS, whether support of more than  8 CSI-RS ports in DwPTS with special subframe configuration {1, 2, 6, or 7} should be FFS.
Proposal 4: Up to 32 CSI-RS ports should be supported in DwPTS with special subframe configuration {3, 4, or 8}, while support of more than  8 CSI-RS ports in DwPTS with special subframe configuration {1, 2, 6, or 7} should be FFS.
3. Conclusion

In this contribution, we discuss some principles for CSI-RS design of up to 32 ports and we have the following proposals:
Proposal 1:  For reducing overhead, one of schemes of lowering CSI-RS density should be considered.
Proposal 2: Design of new CSI-RS by aggregating existing CSI-RS configurations should consider reusing the 16 ports from 20 or 28 port CSI-RS for 16-port CSI-RS operation for Rel-13 UEs. 

Proposal 3: Send an LS to RAN4 and ask them about the power boosting limitation.
Proposal 4: Up to 32 CSI-RS ports should be supported in DwPTS with special subframe configuration {3, 4, or 8}, while support of more than  8 CSI-RS ports in DwPTS with special subframe configuration {1, 2, 6, or 7} should be FFS.
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