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Introduction
In RAN1#86, the following conclusions were made with regards to aperiodic CSI-RS resource selection [1].
Conclusion: 
· 3 alternatives are identified:
· Alt1 Reuse A-CSI request field and add more bit(s) if necessary
· Alt2 Reuse CS field (see R1-1610815, R1-1610816)
· Alt3 Add ceil(log2(N))-bit or 2-bit DCI field
· Decide between the above 3 alternatives.

The three alternatives were further discussed via an email discussion where the conclusions are given in [1].  In the first part of this contribution, we present our views on the different alternatives.  Furthermore, we propose the reuse of cyclic shift field (Alt 2) for aperiodic CSI-RS resource selection.

In RAN1#86bis, the following agreements were made with regards to overhead reduction for Class B CSI-RS in eFD-MIMO:
Agreement: 
· [bookmark: _Toc463622442]For Class B NZP CSI-RS: 
· Support CSI-RS density of d ∈ {1,1/2} RE/RB/port
· Additional values of d=1/3 and/or 1/8 are not precluded for Class B if significant benefit can be shown at RAN1#87.

In the second part of this contribution, we present simulation results on the different CSI-RS densities (i.e., d values) that should be supported in addition CSI-RS densities of 1 and 1/2.  Based on our results, we propose that the additional density value 1/3 should be supported in Rel-14 eFD-MIMO for Class B NZP CSI-RS.

On Aperiodic CSI-RS Resource Selection
Drawbacks with Alt1 and Alt3
A common draw back with Alternatives 1 and 3 is that they both result in unnecessary overhead increase for PDCCH and EPDCCH messages.  As described in [2], Alt1 requires some additional B bits to be added to the A-CSI request field and Alt3 adds a new DCI field with up to two bits.  In both cases, the additional bits are added to the payload size of DCI formats 0 and 4.  In addition, the DL-related DCI format 1A needs to have the same payload size as DCI format 0.  If the payload size of DCI format 0 is increased by some additional bits, then DCI format 1A may need to be padded with additional bits to ensure the same payload size between DCI formats 0 and 1A.  Hence, using alternatives 1 and 3 to indicate one out of  aperiodic CSI-RS resources results in unnecessary overhead increase for PDCCH/EPDCCH messages carrying DCI formats 0, 4, and 1A.  Furthermore, Alternatives 1 and 3 are unsuitable for common search space for PDCCH as additional bits cannot be added DCI formal 0.
[bookmark: _Toc473494037][bookmark: _Toc473494143][bookmark: _Toc473494162][bookmark: _Toc473495202][bookmark: _Toc473496080][bookmark: _Toc473496405][bookmark: _Toc473496934][bookmark: _Toc473497145][bookmark: _Toc473497226][bookmark: _Toc473498093][bookmark: _Toc473498135][bookmark: _Toc473535133][bookmark: _Toc473536708][bookmark: _Toc473537513][bookmark: _Toc473538360][bookmark: _Toc473538441][bookmark: _Toc473538887][bookmark: _Toc473538940]Observation 1: For aperiodic CSI-RS, introducing additional bits in DCI through Alt1 or Alt 3 to select one out of N CSI-RS resources would result in unnecessary overhead increase for PDCCH/EPDCCH messages carrying DCI formats 0, 4, and 1A.
[bookmark: _Toc473494163][bookmark: _Toc473495203][bookmark: _Toc473496081][bookmark: _Toc473496406][bookmark: _Toc473496935][bookmark: _Toc473497146][bookmark: _Toc473497227][bookmark: _Toc473498094][bookmark: _Toc473498136][bookmark: _Toc473535134][bookmark: _Toc473536709][bookmark: _Toc473537514][bookmark: _Toc473538361][bookmark: _Toc473538442][bookmark: _Toc473538888][bookmark: _Toc473538941]Observation 2: Alternatives 1 and 3 are unsuitable for common search space for PDCCH as additional bits cannot be added DCI formal 0.
Alt 2: Reusing CS Field


The Cyclic Shift field in uplink-related DCI has 3 bits and each code point in the field is used to indicate a cyclic shift parameter  and length-2 OCC code where  and  is the number of layers to be transmitted in the PUSCH scheduled by the uplink grant.  Since the maximum number of aperiodic CSI-RS resources that can be activated is agreed to be 4 (i.e., N ≤ 4) [1], the 3-bit length of the Cyclic Shift field provides sufficient freedom to select one out of the  aperiodic CSI-RS resources.  For instance, a 3-bit code point in the Cyclic Shift field can be mapped to one of the N aperiodic CSI-RS resources via
	
,
	Equation 1




where  is the aperiodic CSI-RS resource index and  is mapped from the Cyclic Shift field as defined in Table 9.1.2-2 of 3GPP TS 36.213.
Figure 1 below shows an example where N = 4 aperiodic CSI-RS resources can be activated and how these resources can be mapped (in a UE-specific manner) to the codepoints of the Cyclic Shift field in the case of the legacy CS/OCC table.  In the case with N = 4, a maximum of 4 UEs can be triggered for Aperiodic CSI-RS transmission in a given subframe.
· For UEs not triggered for an aperiodic report (i.e. most UEs) in a subframe, the mapping of Equation 1 does not apply and the codepoints can be chosen freely.  The mappings shown in the example of Figure 1 only applies to UEs being triggered for Aperiodic CSI-RS transmission.
· If four UEs are triggered for aperiodic CSI-RS transmission in a subframe, then four codepoints related to unique Aperiodic CSI-RS resources can be chosen.  Each Aperiodic CSI-RS resource can still be indicated by two different codepoints (i.e., Aperiodic CSI-RS resource 0 can be indicated by either 000 or 100).
Due to this flexibility associated with Alternative 2, the Cyclic Shift codepoint can be allocated first as usual.  When a UE also needs to be triggered for Aperiodic CSI-RS transmission, the Cyclic Shift codepoint for the UE can also be used to selecting a unique aperiodic CSI-RS resource.  Hence, there is almost no performance impact associated with Alternative 2 when compared to legacy operation.
[bookmark: _Toc473497147][bookmark: _Toc473497228][bookmark: _Toc473498095][bookmark: _Toc473498137][bookmark: _Toc473535135][bookmark: _Toc473536710][bookmark: _Toc473537515][bookmark: _Toc473538362][bookmark: _Toc473538443][bookmark: _Toc473538889][bookmark: _Toc473538942]Observation 3: With Alternative 2 and the agreed maximum value of N = 4, the CS field codepoints can first be allocated to UEs as usual, and when a UE also needs to be triggered for Aperiodic CSI-RS, the CS codepoint for the UE can be mapped to a unique aperiodic CSI-RS resource.

[image: ]
[bookmark: _Ref473496399]Figure 1.  Example aperiodic CSI-RS resource selection with N = 4

The only constraint with using CS codepoints to aperiodic CSI-RS resource mapping is that when UEs to be triggered for A-CSI in a subframe are allocated to code points that are mapped to the same A-CSI-RS resource.  This can be, however, resolved by eNB implementation. One way is to reallocate the codepoint(s) for some of the UEs.  This could potentially cause PHICH collision.  However, as discussed in [3], the impact of PHICH collision and scheduling restriction are quite small.  Another way is to simply trigger only the UEs whose codepoints are mapped to different aperiodic CSI-RS resources in a subframe.  Hence, the advantages of Alternative 2 clearly outweighs its disadvantages.  Furthermore, unlike Alternatives 1 and 3, Alternative 2 is suitable for common search space for PDCCH as Alternative 2 does not need any additional bits in DCI formal 0.
Given the discussion above, we propose that Alternative 2 of reusing the CS field is used to select 1 out of N activated aperiodic CSI-RS resources.  The major benefits of reusing the CS field is that it does not increase overhead for PDCCH/EPDCCH messages carrying DCI formats 0, 4, and 1A.
[bookmark: _Toc473498096][bookmark: _Toc473498138][bookmark: _Toc473535136][bookmark: _Toc473536711][bookmark: _Toc473537516][bookmark: _Toc473538363][bookmark: _Toc473538444][bookmark: _Toc473538890][bookmark: _Toc473538943]Observation 4: For aperiodic CSI-RS resource selection, the code points of the Cyclic Shift field can be flexibly used to select one out of N CSI-RS resources.
[bookmark: _Toc473028439][bookmark: _Toc473102466][bookmark: _Toc473189464][bookmark: _Toc473190149][bookmark: _Toc473491487][bookmark: _Toc473493494][bookmark: _Toc473494048][bookmark: _Toc473494154][bookmark: _Toc473494174][bookmark: _Toc473495214][bookmark: _Toc473496092][bookmark: _Toc473496417][bookmark: _Toc473496946][bookmark: _Toc473497158][bookmark: _Toc473497239][bookmark: _Toc473498107][bookmark: _Toc473498149][bookmark: _Toc473535137][bookmark: _Toc473536712][bookmark: _Toc473537517][bookmark: _Toc473538366][bookmark: _Toc473538447][bookmark: _Toc473538893][bookmark: _Toc473538946][bookmark: _Toc462182638][bookmark: _Toc462182643][bookmark: _Toc462182663][bookmark: _Toc462182674][bookmark: _Toc462182710][bookmark: _Toc462182763][bookmark: _Toc462189461][bookmark: _Toc462189613][bookmark: _Toc462190349][bookmark: _Toc463031333][bookmark: _Toc463032410][bookmark: _Toc463052251][bookmark: _Toc465289566][bookmark: _Toc465290114][bookmark: _Toc465378676][bookmark: _Toc465438457][bookmark: _Toc465447409][bookmark: _Toc465461136][bookmark: _Toc465461524][bookmark: _Toc465463263][bookmark: _Toc465464894][bookmark: _Toc465513957][bookmark: _Toc465516213][bookmark: _Toc465516839][bookmark: _Toc466041946][bookmark: _Toc466044709][bookmark: _Toc466044771][bookmark: _Toc466044784][bookmark: _Toc466044796][bookmark: _Toc466045522][bookmark: _Toc466045677][bookmark: _Toc466045799][bookmark: _Toc466045815][bookmark: _Toc466045891][bookmark: _Toc466059239]Proposal 1: For Aperiodic CSI-RS transmission, use code points from the existing Cyclic Shift field in the UL related DCI to indicate transmission on one out of  aperiodic CSI-RS resources.
On Additional Density Values for Class B NZP CSI-RS
In this section, we present simulation results on the different CSI-RS densities (i.e., d values) that should be supported in addition CSI-RS densities of 1 and 1/2.  In our simulations we have considered an 4x8 antenna using 2x1 virtualization; this antenna layout will hence correspond to 32 ports. We furthermore simulate hybrid CSI-RS operation where we transmit the non-precoded CSI-RS, hence 32 ports, once every 50 subframes.  Additional, simulation assumptions are given in the Appendix.
For each UE, based on the report corresponding to the non-precoded CSI-RS, one Class B CSI-RS within a pool of eight 4-ports CSI-RSs is selected. The pool of class B CSI-RSs is transmitted once every 5 subframes except in the subframe where the non-precoded CSI-RS is transmitted. Each of the eight class B CSI-RSs are beamformed in different horizontal directions. Within a class B CSI-RS there are 4 CSI-RS ports. The hybrid CSI approach thus allows a selection in the horizontal plane every 50ms and, within the selected horizontal direction, in the vertical plane every 5ms. 
The performance comparisons between different CSI-RS densities is given in Tables 1-2 for 3D-UMi and 3D-UMa where a CSI-RS reuse factor of 1 is assumed.  The performance gains shown in Tables 1-2 are relative to a 32 port hybrid CSI-RS mode scheme with 1 RE/RB/port.  From the tables, it is seen that a configuration with CSI-RS density 1/3 operates on par with a CSI-RS density 1/2 in terms of cell edge and mean user throughput for 3D-UMi.  Also a density reduction of 1/4 performs better than the baseline but reducing the density even further results in performance losses. For 3D-UMa a higher CSI-RS density appears to be required. Here the performance starts to drop already for a CSI-RS density of 1/3.
Hence, we make the following observations and proposal:
[bookmark: _Toc473538364][bookmark: _Toc473538445][bookmark: _Toc473538891][bookmark: _Toc473538944]Observation 5: With CSI-RS reuse 1, Class B CSI-RS densities 1/3 and 1/4 can outperform a configuration with CSI-RS density 1 in terms of cell edge and mean user throughput for 3D-UMi.
[bookmark: _Toc473538365][bookmark: _Toc473538446][bookmark: _Toc473538892][bookmark: _Toc473538945]Observation 6: With CSI-RS reuse 1, a Class B CSI-RS density of 1/8 results in performance losses compared to a configuration with CSI-RS density 1.
[bookmark: _Toc473538448][bookmark: _Toc473538894][bookmark: _Toc473538947]Proposal 2: For Class B eFD-MIMO, a CSI-RS density value of 1/3 should be supported in addition to CSI-RS density values of 1 and 1/2.

Table 1. Performance comparison between different CSI-RS densities for 3D-UMi for a non full buffer simulation at 50% resource utilization. 
	CSI-RS reduced Density d
	1
	1/2
	1/3
	1/4
	1/8

	Cell edge gain [%]
	0
	12
	8
	5
	-23

	Normalized user throughput gain [%]
	0
	5
	4
	5
	-5



Table 2. Performance comparison between different CSI-RS densities for 3D-UMa for a non full buffer simulation at 50% resource utilization. 
	CSI-RS reduced Density d
	1
	1/2
	1/3
	1/4
	1/8

	Cell edge gain [%]
	0
	6
	-5
	-17
	-44

	Normalized user throughput gain [%]
	0
	4
	-1
	-5
	-18



Conclusion
In the first part of this contribution, we present our views on the different alternatives identified for aperiodic CSI-RS resource selection.  In the second part of the contribution, we present simulation results on the different CSI-RS densities (i.e., d values) that should be supported in addition CSI-RS densities of 1 and 1/2 for Class B.  Based on the discussions, we make the following observations and proposals:

Observation 1: For aperiodic CSI-RS, introducing additional bits in DCI through Alt1 or Alt 3 to select one out of N CSI-RS resources would result in unnecessary overhead increase for PDCCH/EPDCCH messages carrying DCI formats 0, 4, and 1A.
Observation 2: Alternatives 1 and 3 are unsuitable for common search space for PDCCH as additional bits cannot be added DCI formal 0.
Observation 3: With Alternative 2 and the agreed maximum value of N = 4, the CS field codepoints can first be allocated to UEs as usual, and when a UE also needs to be triggered for Aperiodic CSI-RS, the CS codepoint for the UE can be mapped to a unique aperiodic CSI-RS resource.
Observation 4: For aperiodic CSI-RS resource selection, the code points of the Cyclic Shift field can be flexibly used to select one out of N CSI-RS resources.
Observation 5: With CSI-RS reuse 1, Class B CSI-RS densities 1/3 and 1/4 can outperform a configuration with CSI-RS density 1 in terms of cell edge and mean user throughput for 3D-UMi.
Observation 6: With CSI-RS reuse 1, a Class B CSI-RS density of 1/8 results in performance losses compared to a configuration with CSI-RS density 1.

Proposal 1: For Aperiodic CSI-RS transmission, use code points from the existing Cyclic Shift field in the UL related DCI to indicate transmission on one out of  aperiodic CSI-RS resources.
Proposal 2: For Class B eFD-MIMO, a CSI-RS density value of 1/3 should be supported in addition to CSI-RS density values of 1 and 1/2.
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Appendix
	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D-UMi 200m ISD, 3D-UMa 500m ISD

	Antenna Configurations
	4x8 with 2x1 virtualization 
tilt: 130° 

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 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 (3D-UMi), 46 dBm (3D-UMa) 

	Traffic model
	FTP Model 1, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	CRS interference 
	2 CRS ports, non-shifted CRS.

	DMRS overhead
	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
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