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Introduction
In RAN1#86, the following agreements were made with regards to overhead reduction for Class B.
Agreement:
Overhead reduction for Class B – both for periodic and aperiodic CSI-RS
· Support CSI-RS frequency-domain density reduction for Class B
· All antenna ports of a single CSI-RS resource configuration can be transmitted every N PRBs
· N = 1 (existing CSI-RS design), 2, and >2
· FFS: Exact mechanism

Furthermore, in RAN1#85, the following conclusion was made with regards to overhead reduction for Class B CSI-RS and the candidate schemes.

Conclusion:
· Candidate schemes for CSI-RS overhead reduction for Class B eMIMO-Type (2, 4, and 8 ports):
· Scheme 1: Configurable CSI-RS frequency-domain density
· Scheme 2: Localized CSI-RS in frequency domain
· Scheme 3: Configurable RPF pattern
· Scheme 4: Frequency domain MR
· Companies are encouraged to study the following issues in the next meeting:
· Backward compatibility
· UE implementation restriction (for, e.g. channel estimation)
· Impact on eNB scheduling
· Impact on CSI reporting
· PDSCH rate matching

In this contribution, we present our views on the exact mechanism for specifying frequency-domain density reduction for Class B.
Mechanism for Class B Overhead Reduction
As per the agreement in RAN1#86, all CSI-RS ports within a single configuration have to be transmitted in every  PRB.  An example of a reduced overhead 4-port CSI-RS with  is shown in Figure 1.
Configurable RPF Pattern
One way to realize overhead reduction is to use a configurable reduction factor or a configurable RPF pattern (i.e., Schemes 1 and 3 of conclusions in RAN1#85).  With these schemes, PDSCH will be transmitted in the CSI-RS REs of PRBs not carrying CSI-RS ports (for instance, the REs in the odd PRBs of Figure 1).  However, this approach has the following drawbacks:
· When combined with periodic NZP CSI-RS, this approach requires the definition of periodic reduced density ZP CSI-RS.  In the periodic case, one disadvantage of this approach is that the resources used by the reduced density Class B CSI-RS cannot be shared with legacy UEs via time domain measurement restriction.
· When combined with aperiodic NZP CSI-RS, this approach requires aperiodic ZP CSI-RS with reduced density to be defined.  This could further complicate the PDSCH rate matching issue.  For instance, with aperiodic Class B CSI-RS with density 1/8, an additional 3 bits may be needed (depending on the PDSCH rate matching scheme supported) to indicate the exact reduced density resource that UEs should rate match around.
· The main use case of reduced density CSI-RS for Class B is in high load conditions where it is infeasible to allocate full density CSI-RS resources in a UE specific manner to different UEs.  The throughput improvements of transmitting PDSCH in the CSI-RS REs of PRBs not carrying CSI-RS ports is likely be very low where there are a large number of UEs in the system.  Hence, it is more beneficial to multiplex different reduced density CSI-RS to different UEs as shown in the example in Figure 2.

Frequency Domain Measurement Restriction
The frequency domain measurement restriction (FDMR) approach can alleviate the drawbacks associated with the configurable RPF pattern approach.  With FDMR a UE can be requested to measure a set of CSI-RS ports on a set of PRBs while the UE assumes the CSI-RS occupies the full band.  For instance, for the example shown in Figure 2, UE2 is requested to measure the 4-port CSI-RS on even PRBs via FDMR and UE1 is requested to measure the 4-port CSI-RS on odd PRBs via FDMR.  In this example, both UEs rate match around the two set of 4-port CSI-RS.  The advantages of the FDMR approach are as follows:
· The resulting CSI-RS where UEs are multiplex in different sets of PRBs (as shown in Figure 2) is compatible with legacy Rel-10 ZP CSI-RS.  Hence, it is not necessary to define periodic reduced density ZP CSI-RS.  Furthermore, due to the compatibility with Rel-10 ZP CSI-RS, the resources used by the reduced density Class B CSI-RS can be shared with legacy UEs via time domain measurement restriction.
· Complex PDSCH rate matching issues are alleviated as different UEs are multiplexed in different sets of PRBs and all the UEs can rate match around the multiple sets for PRBs.

Hence we make the following proposal:
[bookmark: _Toc462741025]Specify Frequency Domain Measurement Restriction for overhead reduction of Class B CSI-RS.
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	[bookmark: _Ref462730980]Figure 1.  A 4-port CSI-RS with RPF = 2
	[bookmark: _Ref462738031]Figure 2.  Two 4-port CSI-RSs assigned to different UEs



Conclusion
[bookmark: _GoBack]In this contribution, we present our views on the remaining details related to overhead reduction for Class B.  Based on the discussion, we made the following observations:
Proposal 1	Specify Frequency Domain Measurement Restriction for overhead reduction of Class B CSI-RS.
[bookmark: _In-sequence_SDU_delivery]


	1/3	
image1.png
OFDMsymbol #:
1234580123458

o

T=(z*d)pow ‘d aud 0=(z‘d)pows ‘d gud T=(z*d)pow ‘d aud 0=(z‘d)pows ‘d gud





image2.png
OFDM symbol #:
01234560123456

[ —cEENT
oS L2

1= (zd)pow ‘d qud

0=(z-d)pow d gud

1= (zd)pow ‘d qud

0=(z-d)pow d gud





