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Introduction
In RAN1#85, the following agreements were made with regards to UE specific beamformed CSI-RS where two schemes were identified and some issues were left open for further study:

Agreement:
· Scheme 1: Aperiodic NZP CSI-RS resource is supported in Rel-14 for Class B eMIMO-Type, where
· Only PUSCH based A-CSI reporting is supported.
· A new aperiodic CSI-RS resource allocation/configuration is defined
· Without Subframe_config
· Aperiodic CSI-RS transmission instance is indicated by UL-related DCI transmitted on a control channel with a CSI request field:
· Aperiodic CSI-RS transmission is in the same DL subframe as the associated UL-related DCI
· FFS whether or not the UE may not assume more than one aperiodic NZP CSI-RS resource. If more than one resource is allowed, FFS the signaling details
· FFS the number of bits for the CSI request field
· The control channel can be PDCCH or EPDCCH. FFS whether or not the case of EPDCCH can be precluded or with some restrictions/relaxations
· FFS whether or not periodic CSI-RS can be additionally configured
· Scheme 2: For Class B eMIMO-Type, the following CSI-RS resource configuration mechanism is supported 
· A UE receives an activation/release trigger containing a choice from multiple higher-layer-configured NZP CSI-RS resources for a given CSI process
· Each NZP CSI-RS resource can be either periodic or, aperiodic CSI-RS resource (if scheme 1 is supported)
· Details of the activation/release trigger (including the set of NZP CSI-RS resource configuration parameters) are FFS
· For an activation trigger received in subframe n, the transmission of the associated NZP CSI-RS resource will start no earlier than subframe n+X where X>0
· For a release trigger received in subframe n, the transmission of the associated NZP CSI-RS resource will stop after subframe n+Y where Y>0
· FFS the impact of multi-shot configuration, if supported
· FFS whether or not there are any significant issues regarding the potential misalignment about activation and/or release between eNB and UE, and if so, how to address them
· FFS whether or not to further enhance rate matching for PDSCH, particularly whether or not aperiodic NZP CSI-RS will not have impact on PDSCH RE mapping
· FFS the QCL details
· Down-selection between scheme 1 and scheme 2 (if any) to be discussed in RAN1#86


In this contribution, we present our views and proposals on Scheme 1 of the above agreement.  Our views on Scheme 2 of the above agreement are discussed in a companion contribution [1].
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The following two issues that are listed as FFS in the current description of Scheme 1 may have significant performance implications:
1) Whether or not the case of EPDCCH is precluded in Scheme 1,
2) Whether or not multiple aperiodic NZP CSI-RS resources (say  resources for notational convenience) are configured to a UE and how the UE will be signalled to trigger an A-CSI report on one of the  resources
On the first issue listed above, if EPDCCH is precluded, then not only is aperiodic CSI-RS use with PDSCH precluded on cells that only schedule with EPDCCH, but EPDCCH itself can’t benefit from measurement of aperiodic CSI-RS on any cell.   Limiting the benefits of beamforming for EPDCCH seems particularly strange since support for beamforming was one of the key features when EPDCCH was designed. This would make Scheme 1 substantially less appealing from a control channel performance perspective.  Hence, we propose that both PDCCH and EPDCCH be supported in Scheme 1.

[bookmark: _Toc458700261][bookmark: _Toc458807352][bookmark: _Toc458817556]Both PDCCH and EPDCCH are supported with aperiodic CSI-RS transmissions.

To demonstrate the importance of the second issue listed above, we performed simulations comparing the average aperiodic CSI triggering delays between the following cases:
· Case 1:  For a given UE, a single aperiodic NZP CSI-RS resource is configured by higher-layers, and the Aperiodic CSI-RS transmission on that resource instance is indicated by UL-related DCI.  In a scenario with a large number of UEs being active, one aperiodic NZP CSI-RS resource may need to be shared by multiple UEs.  However, only one UE can be triggered for aperiodic CSI-RS in a subframe (i.e., time domain sharing is possible).
· Case 2:  For a given UE,  aperiodic NZP CSI-RS resources are configured by higher-layers and the  aperiodic NZP CSI-RS resources dynamically shared among multiple UEs.  Aperiodic CSI-RS is transmitted in one out of the  aperiodic NZP CSI-RS resources and is indicated by UL-related DCI.  This case allows for multiple UEs (i.e., up to  UEs) to be triggered for aperiodic CSI-RS transmission in a subframe (i.e., more dynamic NZP CSI-RS resource sharing).

A comparison of the average aperiodic CSI triggering delay for two cases as a function of the number of active UEs is shown in Figure 1.  These results are generated using a FTP traffic model 1 with a packet size of 500 kilobytes.  For Case 2, three different values of  are simulated.  Each of the  NZP CSI-RS resources are aperiodic.  For fair comparison, the ratio of packet arrival rate λ to the number of aperiodic NZP CSI-RS resources (i.e., the ratio ) is kept the same in all cases.
From Figure 1, it is noted that when a single aperiodic NZP CSI-RS resource configuration is shared by multiple UEs for the purposes of aperiodic CSI-RS transmission, the average CSI-RS triggering delay increases significantly with the number of active UEs.  This is because when the multiple UEs sharing the single CSI-RS resource need to be triggered for CSI, they can only be triggered one at a time (i.e., one UE among the UEs sharing the same aperiodic NZP CSI-RS resource can be triggered in a subframe).  As seen in the figure, when 20 active UEs share a single CSI-RS resource configuration, the average CSI triggering delay is around 12 subframes.  When this is combined with the UE processing and CSI reporting time of around 5 subframes, the overall round trip delay in acquiring the CSI report would be 17 subframes.  This may result in degraded performance due to channel aging for UEs experiencing time varying channels.
In contrast, when =4 NZP CSI-RS resource configurations are shared by multiple UEs for the purposes of aperiodic CSI-RS transmission, the CSI triggering delay can be reduced to around 1 subframe with 20 active UEs.  This is more than an order of magnitude smaller than the CSI-RS trigger delay associated with Case 1.  When this is combined with the UE processing and CSI reporting time of around 5 subframes, the overall round trip delay in acquiring the CSI report would be 6 subframes.   This reduction in CSI triggering delay is due to the fact that up to  UEs can be triggered for CSI in a given subframe.  This can significantly reduce the performance losses due to channel aging for UEs experiencing time varying channels.
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To demonstrate the performance losses due to channel aging, we have simulated a Class A-B setup and the results are presented in Table 1.  For Class B, CSI-RS beamforming is according to the W1 matrix identified by the Class A report.  The performances of two different CSI feedback round trip delays are compared in the case of Class B (6 subframe feedback round trip delay associated with Case 2 (=4) vs 17 subframe feedback round trip delay associated with Case 1).  The UE speed is assumed to be 30 km/h and scenario simulated is 3D-UMi.  Additional details are given in the Appendix.  The results in Table 1 clearly indicate the losses due to channel aging.  At a resource utilization of 20%, a CSI feedback delay of 17 subframes suffers 13% and 26% mean and cell-edge throughput losses when compared to the case with a CSI feedback delay of 6 subframes.  
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	Reference RU [%]
	20

	Reference offered traffic [bps/Hz/cell]
	0.73

	CSI Feedback Delay
	6 subframe 
	17 subframes

	Cell edge throughput [bps/Hz/user]
	1.38
	1.03

	Mean throughput [bps/Hz/user]
	3.72
	3.25

	Cell edge gain [%]
	0
	-26

	Mean throughput gain [%]
	0
	-13



Based on these results, we make the following observations:
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Given these observations, we make the following proposals.
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Conclusions
In this contribution, we present our views on Scheme 1 of the agreement in RAN1#85.  Based on the discussion and simulation results, we made the following observations:

Observation 1	When a pool of  NZP CSI-RS resources can be dynamically shared among multiple UEs, the average CSI triggering delay can be significantly reduced.  When  resources are dynamically shared by 20 UEs, an order of magnitude reduction in CSI triggering delay is realized.
Observation 2	The performance losses due to channel aging can be reduced when more dynamic NZP CSI-RS resource pool sharing is allowed among multiple UEs.

Based on these observations and discussion in Section 2, we propose the following:

Proposal 1	Both PDCCH and EPDCCH are supported with aperiodic CSI-RS transmissions.
Proposal 2	To enable more dynamic NZP CSI-RS resource pool sharing, Scheme 1 should allow N aperiodic NZP CSI-RS resources to be configured to a UE.  The value of N is FFS.
Proposal 3	An UL grant in DCI should be used to trigger aperiodic CSI-RS transmission in one of the N aperiodic NZP CSI-RS resources.
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Appendix
	Simulation Parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD

	Antenna Configurations
	8x4 with 2x1 virtualization., 3D-UMi  (130° tilt)

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity for Class A
	80 ms

	CSI mode
	PUSCH Mode 3-2

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm (UMi)

	Traffic model
	FTP Model 1, 500 kB packet size

	UE speed 
	30 km/h

	Scheduling 
	Proportional fair in time and frequency

	CRS and DMRS overhead
	2 CRS and 2 DMRS ports

	CSI-RS
	Overhead accounted for.  
Channel estimation error modelled.

	Codebook
	2D Grid of Beams based on DFT

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB

	Transmission Mode
	TM10, with non-shifted CRS
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