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1 Introduction

In RAN1#86 meeting, the following agreements and working assumption on non-precoded CSI-RS were made [1].

· Agreements:

· For {24, 32} ports, ∑k Mk ∈ {24, 32}, Mk = 8, where Mk is the same for all k

· For {20, 28} ports, ∑k Mk ∈ {20, 28}, Mk = 4, where, at least for CDM-2, Mk is the same for all k 

· FFS whether Mk = 8 is also supported,  and if so, whether Mk is the same or different for different k for CDM-4

· FFS port indexing

· In Rel-14, CDM-2 and CDM-4 is supported. 

· For CDM-2, port numbering in Rel-13 is reused in order to share CSI-RS with legacy UEs. 
· FFS CDM-4 port numbering

Working Assumption:

· CDM-8 is supported for at least {24,32} port CSI-RS

· FFS CSI-RS aggregation and CDM mapping details

· FFS additional REs other than legacy CSI-RS RE
Agreement: 

At least for Class A NZP CSI-RS with more than 16 CSI-RS ports:

· All ports in a CSI-RS resource are transmitted within the same subframe 
· i.e. CSI-RS overhead reduction is done in the frequency domain

· CSI-RS density d ∈ {1,1/2, and at least one other value <= 1/3} RE/RB/port 
· Other values of d are not precluded (e.g. 2/3, ¾)
· FFS whether different ports in a CSI-RS resource may have different densities

· FFS PDSCH rate matching in the REs in PRBs with no CSI-RS ports within a group  

· Opt-1: comb like transmission

· Opt-2: frequency domain measurement restriction

· FFS the detailed signalling design

In this contribution, the design on non-precoded CSI-RS up to 32 CSI-RS ports is discussed, and our views are presented. 
2 Discussion
It was agreed that CSI-RS density can have one of several values, which belong to the set {1,1/2, and at least one other value <= 1/3}. It is FFS whether different ports in a CSI-RS resource may have different densities. The candidate mechanisms are discussed as follows:
· All the ports in a CSI-RS resource have the same density
The same density for all the ports can ensure similar CSI measurement performance for different ports. Considering the CSI-RS overhead reduction in the frequency domain, the common density for all the ports should be lower than 1 RE/RB/port. In [2], the mechanism of partial overlapping with cyclic port mapping is discussed for overhead reduction. It can guarantee the same density for all the ports. Figure 1 shows the case of 32 ports CSI-RS mapping with Mk = 8. 
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Figure 1 Common density for all 32 ports CSI-RS ports with cyclic port mapping

The following table illustrates the density and overhead for different number of ports. With cyclic port mapping, the same density can be achieved for all the ports.
	Number of ports
	(Mk, K)
	Density
	Overhead

	20
	(8, 2) or (4, 4)
	0.8
	16 REs(ports)/RB

	24
	(8, 2) or (8, 3)
	0.67 or 1
	16 or 24 REs(ports) /RB

	28
	(8, 3) or (4,6)
	0.85
	24 REs(ports)/RB

	32
	(8, 4)
	0.75
	24 REs(ports)/RB


There is one concern on the CSI-RS port sharing with Rel-13 and Rel-12 UEs. For CSI-RS overhead reduction in frequency domain, if a reduced density is same for all the ports in a CSI-RS resource, it is hard to share part of or all ports with Rel-13 and Rel-12 UEs. 

The other alternative for CSI-RS pattern with the same port density is comb like port mapping scheme. As shown in Figure 2, all 32 ports are located in even or odd RBs with a density of 0.5 CSI-RS REs/RB/port. The saved REs can be used for PDSCH or another comb like CSI-RS. Firstly, compared to cyclic port mapping scheme, to support 32 ports CSI-RS, comb like port mapping scheme requires more REs in the located RB, which leads to less available REs for a new legacy CSI-RS configuration. For cyclic port mapping scheme, less REs are needed in the RB. Secondly, the highest density of comb like port mapping scheme is 0.5 CSI-RS REs/RB/port. However, for cyclic port mapping scheme, several densities can be achieved through different configuration of RE number in a RB. Thirdly, rate matching is hard for legacy UE with comb like port mapping. For cyclic port mapping, rate matching for legacy UE can be easily performed by configuring ZP CSI-RS for legacy UE. 
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Figure 2 Common density for all 32 ports CSI-RS ports with comb like port mapping

Observation 1:

Same density for all the ports in a CSI-RS resource:

· Similar CSI measurement performance for different ports
· Hard to share part of or all ports with Rel-13 and Rel-12 UEs
Observation 2:

Cyclic port mapping scheme outperforms comb like port mapping scheme in the following aspects:

· Less REs in the located RB

· Flexible densities configuration

· Easy for rate matching of legacy UE

· Different ports in a CSI-RS resource can have different densities
If different ports in a CSI-RS resource can have different densities, those ports with density of 1 RE/RB/port can be shared with Rel-13 and Rel-12 UEs. And those ports with density lower than 1 RE/RB/port is hard to be shared with Rel-13 and Rel-12 UEs. Figure 3 shows the case of 24 ports CSI-RS mapping with Mk = 8. Port group 1 can be shared with Rel-12/13 UEs, since its density is 1 RE/RB/port. Comparatively, Port group 2 and 3 are hard to be shared with Rel-12/13 UEs. 
[image: image3.emf] 

RB

0

RB

1

PDCCH RE

CRS RE

DMRS RE

Port group  1

Port group 2

Port group 3


Figure 3 Different port groups with different densities
With different densities for different ports in a CSI-RS resource, part of CSI-RS ports can be shared with Rel-13 and Rel-12 UEs. However, the different densities of CSI-RS will lead to different CSI measurement performance. The CSI measurement of CSI-RS ports with lower density always has poorer accuracy than those with higher density. It will have impacts on the CSI measurement and downlink scheduling. Power boosting can be used to improve CSI measurement of CSI-RS ports with lower density. In current specification, due to the 6dB power boosting limitation, CDM is used for full power utilization. The same CDM type is configured for a CSI-RS resource. Therefore, if the CDM type remains same for the ports with different densities, the available power utilization is also the same for these ports. To achieve higher power utilization for the ports with lower density, different CDM type should be allowed for the different port groups in a CSI-RS resource. For example, for the port group 1, CDM 2 or 4 can be used, which can be shared with legacy UEs. For the port group 2/3, CDM 4 or 8 can be used to achieve higher power utilization. Since these ports are not shared with legacy UEs, CDM 8 can also be used. An CDM mapping example is shown in Figure 4, CDM 4 is used for port group 1, and CDM 8 is used for port group 2/3. 
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Figure 4 Different CDM type for different port groups with different densities
Observation 3:

Different density for different ports in a CSI-RS resource:

· The CSI measurement of CSI-RS ports with lower density always has poorer accuracy than those with higher density. 

· Higher power utilization for the ports with lower density can improve CSI measurement accuracy.
· The port group with density of 1 RE/RB/port can be shared with Rel-13 and Rel-12 UEs

As discussed above, different ports in a CSI-RS resource may have different or the same densities. It is still FFS whether different densities should be supported within a CSI-RS resource. For CSI-RS with the same port density, we propose: 
Proposal 1: For all ports with same density in a CSI-RS resource, partial overlapping scheme with cyclic port mapping is used.
If different port density is supported within a CSI-RS resource, we propose:
Proposal 2: For different ports with different densities in a CSI-RS resource, different CDM type is allowed for the different port groups in a CSI-RS resource.
For {20, 28} ports, Mk = 4 is agreed, where, at least for CDM 2, Mk is the same for all k. It’s FFS whether Mk = 8 is also supported, and if so, whether Mk is the same or different for different k for CDM-4. As discussed on different ports with different densities in a CSI-RS resource, the ports in a CSI-RS resource is divided into several groups with different densities. Both Mk = 4 and 8 should be supported for flexible port group division. For same density of all ports, with partial overlapping and cyclic port mapping scheme, Mk = 4 and 8 can also be supported. 
Proposal 3: For {20, 28} ports, both Mk = 4 and 8 are supported. 
For different ports with different densities in a CSI-RS resource, Mk can be different for different port group, but the same for one port group. It is proposed different CDM type is allowed for different port groups in a CSI-RS resource. Therefore, Mk is the same for one CDM type, e.g. CDM 2 or 4.
Proposal 4: For {20, 28} ports, Mk can be different for different k, but the same for one port group with same density.
3 Conclusion

In this contribution, the design on non-precoded CSI-RS up to 32 CSI-RS ports is discussed. The following are observed and proposed:
Observation 1:

Same density for all the ports in a CSI-RS resource:

· Similar CSI measurement performance for different ports
· Hard to share part of or all ports with Rel-13 and Rel-12 UEs
Observation 2:

Cyclic port mapping scheme outperforms comb like port mapping scheme in the following aspects:

· Less REs in the located RB

· Flexible densities configuration

· Easy for rate matching of legacy UE

Observation 3:

Different density for different ports in a CSI-RS resource:

· The CSI measurement of CSI-RS ports with lower density always has poorer accuracy than those with higher density. 

· Higher power utilization for the ports with lower density can improve CSI measurement accuracy.

· The port group with density of 1 RE/RB/port can be shared with Rel-13 and Rel-12 UEs

Proposal 1: For all ports with same density in a CSI-RS resource, partial overlapping scheme with cyclic port mapping is used.
Proposal 2: For different ports with different densities in a CSI-RS resource, different CDM type is allowed for the different port groups in a CSI-RS resource.
Proposal 3: For {20, 28} ports, both Mk = 4 and 8 are supported. 
Proposal 4: For {20, 28} ports, Mk can be different for different k, but the same for one port group with same density.
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