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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1#85 meeting, there was one agreement on NP CSI-RS aggregation as following [1]
	Agreement:
· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is aggregated as follows (where Mk is the # of CSI-RS ports in a CSI-RS configuration) 
· For {24, 32} ports, ∑k Mk ∈ {24, 32}, Mk is either 4 or 8, where the same Mk = M used for all k
· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8
· For {20, 28} ports, FFS till RAN1#86 (including possible down-selection)
· Alt 1: ∑k Mk ∈ {20, 28}, Mk is either 4 or 8, where the same Mk = M used for all kPossible down-selection till RAN1#86 regarding Mk=4 vs. 8. 
· If Mk=8 is supported, FFS the details
· Alt 2: ∑k Mk ∈ {20, 28}, Mk ∈ {4, 8}, where Mk may be different for different k
· FFS port numbering 
· FFS N vs. M


In addition, the possible CSI-RS transmission for overhead reduction was discussed. Although one WF was formed to try to achieve consensus as following proposal [1][2], there was no agreement finally. In this contribution, we further discuss and provide our views on CSI-RS transmission for up to 32 ports.
	Proposal:
· For {20, 24, 28, 32} ports, CSI-RS RE density can be lower than 1RE/RB/port
· The chosen scheme(s) will be down-selected/merged among following alternatives
· FDM
· Partial port


2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
2.1 Support FDM
In Rel-13, although 12 and 16 ports CSI-RS are aggregated with density of 1RE/RB/port, it is not proper to simply extend CSI-RS ports to up to 32 within one PRB pair considering the CSI-RS overhead (e.g. 32 ports will cost more than 19% of the total resource element. In addition, except the REs occupied with PDCCH, CRS and DMRS, there will be much fewer resources available for data transmission, which will reduce the system performance significantly). So the {20, 24, 28, 32} CSI-RS ports should be aggregated with different PRB pairs.
In fact, lower density of CSI-RS has already been discussed in previous releases. And in Rel-13, the main idea is to multiplex CSI-RS in TDM with multiple subframes or FDM with multiple PRB pairs. Based on the comparison of TDM and FDM in our previous contribution [3], for legacy UE, as both NZP CSI-RS and ZP CSI-RS are configured across the whole system bandwidth, and at least for UE in TM 1-9 and not configured with csi-SubframePatternConfig-r12, only one ZP CSI-RS can be configured [2]. So considering on the backward compatibility and the channel estimation accuracy, it’s better to design the new CSI-RS pattern within the same subframe. So the FDM scheme with 2 adjacent PRB pairs is more suitable for extension of CSI-RS ports, and we propose that:
Proposal 1: {20, 24, 28, 32} CSI-RS ports should be aggregated in FDM scheme with 2 adjacent PRB pairs.
2.2 Support Mk=8
For 32 ports CSI-RS resource aggregation, it is obvious that Mk=8 has more advantages compared with Mk=4 as following
· Less RRC signals overhead
· Better channel estimation because closest 4 REs are in one CDM 4 group
· There is no imbalance issue of power boosting for different OFDM symbols
· Less complexity of eNB implementation
If the FDM scheme with 0.5 RE/RB/port of CSI-RS density is introduced, it is preferred that both even PRBs and odd PRBs are configured with same 16 ports CSI-RS resource. In other words, eNB only needs to configure 16 ports CSI-RS resource one time. In this case, the existing RRC signals for configuration of 16 port CSI-RS resource can be reused.
Proposal 2: Mk=8 should be adopted for 32 ports CSI-RS resource aggregation.
For 28 ports CSI-RS resource aggregation, to save RRC signals overhead, achieve better channel estimation and less implementation complexity which are listed for 32 ports, one 16-ports CSI-RS resource can be configured both for even PRBs and odd PRBs. Then, the redundant 4 REs can be excluded from configured 32 REs, where these 4 REs can be predefined or configured by RRC signals. As described in the Figure 1, eNB can use legacy mechanism to configure 8-port CSI-RS resource config.0 and config.2 to UEs both for even PRBs and odd PRBs which are marked by green rectangles, and redundant 4 REs marked by red rectangles can be predefined or configured to be excluded from 32 REs. Then, 28 REs are left for 28 ports CSI-RS transmission. 
In addition, for 28 ports CSI-RS resource aggregation, there may be imbalance issue of power boosting for different OFDM symbols if total 28 REs within two adjacent PRBs are configured. As shown in the Figure 1, if CDM4 is configured, maximum natural power boosting can be 6dB (4 times) for one antenna port within 8-port resource config.2. However, only 4.77dB (3 times) natural power boosting can be achieved for antenna ports within resource config.0. In this case, 32 REs can be configured for 28 ports CSI-RS transmission for simplicity. Then, one identical mechanism for 32 ports and 28 ports CSI-RS resource configuration can be achieved, this also needs less standard effort.
PRB#n
PRB#n+1

Figure 1 Illustration of 28 ports CSI-RS resources 
Proposal 3: Mk=8 should be adopted for 28 ports CSI-RS resource aggregation, and the redundant 4 REs can be excluded.
Similar mechanism can be used for 24 and 20 ports CSI-RS resource aggregation. As shown in the Figure 2, after configuration of 16 ports CSI-RS resources (marked by green rectangles) for both even PRBs and odd PRBs, the redundant 8 REs can be excluded (marked by red rectangles).  
  or   
Figure 2 Illustration of 24 ports CSI-RS resources
And for 20 ports, based on resource configuration of 24 ports, the redundant 4 REs can be further excluded.
Proposal 4: Mk=8 should be adopted for 24 and 20 ports CSI-RS resource aggregation, and some redundant REs can be excluded or wasted.
2.3 Propose CSI-RS resource swapping
Alternatively, to solve power boosting issue as we mentioned above, e.g. for 24 ports CSI-RS resources allocation, we propose CSI-RS resource swapping in frequency domain as shown in the Figure 3. In this scheme, the redundant REs to be excluded can be swapping in frequency domain which can solve power imbalance issue.
PRB#n-1
PRB#n
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Figure 3 CSI-RS resource swapping in frequency domain for 24 ports
Proposal 5: CSI-RS resource swapping in frequency domain should be considered for imbalance issue of power boosting.
2.4 Lower density of ZP-CSI-RS
If FDM based scheme of lower density NZP-CSI-RS is introduced which is described in our proposal 1, the number of resource elements occupied by NZP-CSI-RS in even PRBs and odd PRBs may be different, especially for 20 ports, 24 ports and 28 ports. Taking 24 ports in the right figure of Figure 2 as an example, some ZP CSI-RS configuration can be used only for even PRBs but not for odd PRBs.
Furthermore, if CSI-RS overhead reduction in frequency domain for class B FD-MIMO [1][4] is introduced, the lower density of ZP-CSI-RS should also be introduced because lower density beamformed NZP-CSI-RS is UE specific and efficient PDSCH rate matching should be done.  
Proposal 6: Lower density of ZP-CSI-RS should be introduced.
3 Conclusion
In this contribution, we discussed the design for CSI-RS overhead reduction, and we propose that:
Proposal 1: {20, 24, 28, 32} CSI-RS ports should be aggregated in FDM scheme with 2 adjacent PRB pairs.
Proposal 2: Mk=8 should be adopted for 32 ports CSI-RS resource aggregation.
Proposal 3: Mk=8 should be adopted for 28 ports CSI-RS resource aggregation, and the redundant 4 REs can be excluded.
Proposal 4: Mk=8 should be adopted for 24 and 20 ports CSI-RS resource aggregation, and some redundant REs can be excluded.
Proposal 5: CSI-RS resource swapping in frequency domain should be considered for imbalance issue of power boosting.
Proposal 6: Lower density of ZP-CSI-RS should be introduced.
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