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Introduction
In 3GPP RAN1#86, the following were agreed for non-precoded CSI-RS enhancements for supporting up to 32 antenna ports for eFD-MIMO [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

In this contribution, we further discuss the remaining issues on the non-precoded {20, 24, 28, 32} ports NZP CSI-RS design for Class A eFD-MIMO.
Discussion
Resource configuration for 20- and 28-ports
For 20 and 28-ports CSI-RS resource configuration, it was agreed to use the same Mk at least for CDM-2. The open issue is whether same Mk configuration is also applied to CDM-4. As discussed in [2], using the same Mk or different Mk will determine whether to allow port sharing with legacy CSI-RS ports for backward compatibility. If the same Mk, e.g., 4 is used for aggregation then the port sharing with legacy 16-ports CSI-RS may not be supported. That is because the port mapping for CDM-4 is different for 4-ports and 8-port resource configuration. For 16-ports CSI-RS which is aggregated by two 8-ports CSI-RS resource configurations, each port of 16-port CSI-RS resource is mapped to a group of 4 REs in two adjacent tones and two adjacent symbols. However, if Mk=4 is used for 20-ports and 28-ports CSI-RS, each port is mapped to the 4 REs of a 4-port CSI-RS configuration which are not continuous on frequency domain. Although it is possible to have port sharing between 20/28-ports and a legacy 12-ports CSI-RS which is aggregated by three 4-ports resource aggregation, this is only valid for 2D port layout since there is no 1D port layout for 12-ports in Rel-13. 
Considering that there could be multiple legacy UEs in early deployment of eFD-MIMO, the port sharing can efficiently reduce the overall CSI-RS overhead. Therefore we prefer to support using different Mk for 20-ports and 28-ports CSI-RS resource. Details can be found in Table 1. An example of the mapping of the 20-ports and 28-ports CSI-RS resource to K CSI-RS configurations for different Mk is also shown in Figure 1.
Table 1: Proposed 20 and 28-ports CSI-RS resource configurations for CDM-4
	Total number of 
CSI-RS ports
	Number of antenna ports (Nk)
	Number of CSI-RS configurations (K)

	20
	N1=8, N2=4, N3=8
	3

	28
	N1=8, N2=4, N3=4, N4=4, N5=8
	5




Figure 1. Example of the mapping of the 20- and 28-ports CSI-RS with CDM-4
Proposal 1: For 20- and 28-ports CSI-RS, different Mk is used for CDM-4.
Port indexing for CDM-4
In Rel-13, when CDM-4 is used for 12- and 16-ports CSI-RS, the port indexing is based on sequential mapping of CSI-RS port to each component configuration as shown by the following equation. 
[image: ]
It is preferred that the same port indexing is reused for {20, 24, 28, 32} ports to reduce the specification efforts. However, it is observed that the sequential port mapping may not support port sharing with legacy CSI-RS ports for some port layout configurations. As one example, 20-ports with (N1, N2)=(2, 5), the port mapping to each component configuration is shown in Figure 2 according to sequential mapping approach. It can be seen that the CSI-RS ports mapped to configuration #0 and #2 don’t have uniform 1D or 2D structure. However, for 16-ports CSI-RS with CDM-4, the antenna ports on each 8-port component configuration shall either be 1D port layout or 2D port layout. Therefore, a different port indexing shall be considered to allow port sharing with legacy CSI-RS. 
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Figure 2. Example of the sequential mapping of the 20- and 28-ports CSI-RS with CDM-4
It can be seen that the above issue is only observed for 2D port layout configurations where N2 is not 2 or 4. For other port layout configuration, the port numbering in Rel-13 can be reused. Table 2 below shows port layout configurations that need new port indexing approaching. 


Table 2: Port layout with different port indexing for CDM-4
	# CSI-RS ports
	Port layout using Rel-13 port numbering
	Port layout using new port indexing

	20
	(10,1), (5,2)
	(2,5)

	24
	(12,1), (6,2), (3,4)
	(2,6), (4,3)

	28
	(14,1), (7,2)
	(2,7)

	32
	(16,1), (8,2), (4,4)
	(2,8)



For port layout with N1<N2, a two-step port indexing approach can be applied. In the first step, the ports on the same polarization is permuted using the parameters N1 and N2. Then in the second step, the permuted ports are sequentially mapped to each component configurations. The permutation will change the port layout in each polarization from (N1, N2) to (N2, N1). So for ports in the first polarization, e.g., , the permutation function can be defined by  where ; and for ports on the second polarization, e.g.,   the same permutation is reused except that . An example of the port mapping for 20-ports CSI-RS using the proposed two-step indexing is shown in Figure 3. It can be seen that CSI-RS ports mapped to component configuration #0 and #2 have a uniform structure thus can be reused by a 16-ports CSI-RS. 
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Figure 3. Example of 20-ports CSI-RS port mapping using the proposed two-step indexing
Generally, the port indexing for CDM-4 can be written by one equation  where  is port number within the -th component CSI-RS configuration and  is a function, e.g.,  if port permutation is not configured or  where  for ports in first polarization and  for ports in the second polarization.  
Proposal 2: For CDM-4, the port indexing is determined by 
Support of CDM-8
In last RAN1 meeting, a working assumption for CDM-8 was agreed for 24 and 28-ports. The purpose for CDM-8 is to achieve full power utilization. As discussed in [2], a combination of CDM-8 and low CSI-RS RE density could provide 11-12% throughput gain for 32-ports CSI-RS with reuse factor 3. Therefore, we think CDM-8 shall be supported.
Proposal 3: Confirm the working assumption for supporting CDM-8 for 24- and 32-ports.

If CDM-8 is supported then the construction of RE set for CDM spreading shall be discussed. Because not all the 8 CSI-RS REs aggregation can achieve full power utilization, such as using 8 CSI-RS REs on symbol 5 and 6. Secondly, the CSI-RS pattern is different for normal DL subframe and special subframe. If CDM-8 is supported for normal DL subframe, it shall be also applied to special DL subframe. It is not preferred to use different CDM across subframes. Since there is only 4 OFDM symbols for CSI-RS in the special subframe, it would be more challenging to support CDM-8 in special DL subframe. 
In [3], one example of CDM-8 RE set construction is provided. But this is only applied to normal DL subframe since the CDM is spread to 6 OFDM symbols. For supporting CDM-8 in special DL subframe, the mapping shall support spreading across 4 OFDM symbols. Therefore, a modified CDM-8 RE set construction can be considered as shown in Figure 4 below. In the example, CDM across both 4 symbols and 6 symbols are allowed. More generally, the RE set for CDM-8 is spread over four 8-ports CSI-RS resource configurations so that each port is mapped to port {x, x+1} of the four 8-ports configurations where x=15, 17, 19 and 21. 
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Figure 4. Example of CDM-8 RE set construction for 32-ports
Proposal 4: CDM-8 shall be supported in both normal DL and special subframe. 
Overhead reduction and CSI-RS port density
A reduced port density was agreed for more than 16-ports in last meeting. The port density can be configured between 1, ½ and another value <= 1/3. There is a question whether different ports in a CSI-RS resource may have different densities. It shall be noted that using same or different port densities do not have an impact on port sharing with legacy CSI-RS ports. For example, a 32-ports CSI-RS can be configured with a port density of 0.5 RE/RB/port where part of 16-ports are shared with a legacy 16-ports CSI-RS.
If different port densities are allowed, the MSE performance of channel estimation on different ports are different. The reduced port density suffers from at least 3dB MSE performance loss compared to ports with a density of 1 RE/RB/port. UE needs also to do the interpolation to estimate the channel for RBs without CSI-RS tones. For high frequency selective channel, the channel interpolation will not work well and the estimated channel may be quite from the real channel which has big impact on CSI accuracy. If all the ports are with same density, channel interpolation may not be necessary for reduced density. The UE can use the estimated channel on each CSI-RS tones to compute the CSI. Compared to the full density of 1 RE/RB/port, the reduced density may result in less available tones for CSI computation but the performance impact is marginal. Given the limited benefits and channel estimation performance issue, using different port density for CSI-RS ports is thus not acceptable.
Proposal 5: The same port density shall be configured for all the ports also for a reduced port density configuration. 
If a reduced port density is configured for more than 16-ports CSI-RS, the unused CSI-RS tones can be reused for PDSCH transmission. This can be supported by the existing rate matching mechanism. A ZP CSI-RS resource can be configured which may partially overlap with NZP CSI-RS with a reduced density. According to the current specification, if ZP CSI-RS is colliding with NZP CSI-RS, the UE will assume NZP CSI-RS is transmitted and thus no rate matching is applied around these REs. But other REs indicated by ZP CSI-RS REs not colliding with NZP CSI-RS is still needed to be rate matched. Therefore, the network can flexibly configure whether to use the unused NZP CSI-RS tones for PDSCH transmission. 
[bookmark: _GoBack]Proposal 6: The existing rate matching mechanism can be reused for the REs in PRBs with no CSI-RS ports. 
[bookmark: _Ref378529477]Conclusions
In summary, we discuss the remaining issues for the non-precoded CSI-RS design aspects for {20, 24, 28, 32} ports CSI-RS. We make the following proposals: 
Proposal 1: For 20- and 28-ports CSI-RS, different Mk is used for CDM-4.
Proposal 2: For CDM-4, the port indexing is determined by 
Proposal 3: Confirm the working assumption for supporting CDM-8 for 24- and 32-ports.
Proposal 4: CDM-8 shall be supported in both normal DL and special subframe. 
Proposal 5: The same port density shall be configured for all the ports also for a reduced port density configuration. 
Proposal 6: The existing rate matching mechanism can be reused for the REs in PRBs with no CSI-RS ports. 
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Appendix
	Parameter
	Value

	Scenario
	3D-UMa (200m ISD) 

	System bandwidth
	10MHz

	Carrier frequency
	2GHz

	eNB Antenna configuration
	 (M, N, P, MTxRU, NTxRU) = (8, 4, 2, 4, 4)

	Codebook configuration
	(N1,N2) = (MTxRU, NTxRU), (O1,O2) = (4,4), Config = 2

	UE antenna configuration
	2 RX with X-Pol

	UE mobility 
	3km/h

	Traffic model
	FTP (4Mb per packet, 70% RU)

	UE association
	RSRP on CRS port0 with 3dB handover margin

	MIMO configuration
	Dynamic SU/MU: rank adaptation
Up to 2 layers for each UE and up to 4 layers per cell

	Scheduling algorithm
	PF

	Receiver
	MMSE-IRC receiver

	CSI feedback 
	PUSCH Mode 3-2, 5ms CSI delay

	Overhead
	CRS, PSS/SSS, DMRS, PCFICH, PDCCH, CSI-RS(ports number dependent)
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