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The following is a list of agreements (including working assumptions) from RAN1#84bis to RAN1#87 for Rel.14 eFD-MIMO arranged based on the following categories. For conciseness, only agreements pertaining to Rel.14 specification supports are listed.
· CSI-RS (non-precoded and beamformed)
· UL DMRS
· DMRS-based semi-open-loop transmission 
· Hybrid CSI reporting 
· PMI Codebooks (Class A extension and advanced) 
A high-level commentary is added.

1. CSI-RS (non-precoded and beamformed)

Support for {20, 24, 28, 32}-port CSI-RS for Class A eMIMO-Type: composed via aggregating K configurations (analogous to Rel.13 aggregation for {12, 18}-port CSI-RS) 
·  [RAN1#84bis] For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is composed as an aggregation of K CSI-RS configurations [i.e. RE patterns].
· The number of REs in the kth configuration Nk ∈ {4, 8}
· [RAN1#85] 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 k
· Possible 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
· [RAN1#86] For {24, 32} ports, ∑k Mk ∈ {24, 32}, Mk = 8, where Mk is the same for all k
· CDM-8 is supported for at least {24,32} port CSI-RS
· [RAN1#86, 86bis] For {20, 28} ports, ∑k Mk ∈ {20, 28}, Mk = 4, where, for CDM-2 and CDM-4, Mk is the same for all k 
·  [RAN1#86] 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. 
· [RAN1#86bis] For 20-, 24-, 28-, and 32-port CSI-RS, when CDM-4 OCC applies in the CDM group comprising 4 REs within k-th CSI-RS configuration, according to the table below. 
· For Nk=4, 4REs mapping to legacy 4-port CSI-RS comprises a CDM group.
· For Nk=8, 8 REs mapping to legacy 8-port CSI-RS are partitioned into two groups of 4 REs, and each group of 4 REs located adjacently comprises a CDM group: 
· [image: ]
	OCC index 
	OCC on REs [a b c d] 

	0
	[1 1 1 1] 

	1
	[1 -1 1 -1] 

	2
	[1 1 -1 -1]

	3
	[1 -1 -1 1]


· [RAN1#86bis] CDM-8 design for {24, 32} ports:
· At least for 32-port CSI-RS, at least one CDM-8 pattern exists which uses REs from more than 2 OFDM symbols
· Note: CDM-8 can be supported in both normal and special subframes
· [RAN1#87] CDM-8 patterns for {24, 32} ports can be configured by aggregation of CDM-2/4 patterns from different CSI-RS configurations
· For each CSI-RS resource (i.e. RE configuration), at least one aggregated pattern that supports full power utilization is supported
· No additional RRC parameters will be specified for indication of the CDM-8 patterns 
· Can be revisited if benefit from additional RRC parameter is shown
· A CDM-8 pattern is contained within 1 PRB


Support for lower frequency domain density {20, 24, 28, 32}-port CSI-RS for Class A eMIMO-Type
[RAN1#86, 86bis] At least for Class A NZP CSI-RS with more than 16 CSI-RS ports:
· All ports in a CSI-RS resource are transmitted within the same subframe 
· i.e. CSI-RS overhead reduction is done in the frequency domain
· CSI-RS density d ∈ {1,1/2, and at least one other value <= 1/3} RE/RB/port 
· For Class A eFD-MIMO, a CSI-RS density value of 1/3 is supported in addition to already agreed values of 1 and ½ 
· No other values of CSI-RS density are supported in this Release.
· For Class A, CSI-RS overhead reduction is supported by Comb-like transmission, allowing PDSCH transmission in the REs in PRBs with no CSI-RS ports
· UE measures channel in REs in PRBs with CSI-RS ports and expects PDSCH in PRBs with no CSI-RS ports
· Transmission and/or measurement comb offsets are 0..1/d-1
· For d=1/2 (for Class A), comb offsets ∈ {0, 1} can be configured for CSI-RS transmission and/or measurement in the n-th PRB, where n mod 2 = comb offset
· For d=1/3 (for Class A), comb offsets ∈ {0, 1, 2} can be configured for CSI-RS transmission and/or measurement in the n-th PRB, where n mod 3 = comb offset
· For Class A NZP CSI-RS with more than 16 CSI-RS port, in a given CSI-RS resource all CSI-RS configurations have the same values of d 
· For Class A NZP CSI-RS with more than 16 CSI-RS ports each CSI-RS configuration can have different values of comb offset


Support for lower frequency domain density {2, 4, 8}-port CSI-RS for Class B eMIMO-Type
[RAN1#86, 86bis] Overhead reduction for Class B – both for periodic and aperiodic CSI-RS
· Support CSI-RS frequency-domain density reduction for Class B NZP CSI-RS:
· All antenna ports of a single CSI-RS resource configuration can be transmitted every N PRBs
· N = 1 (existing CSI-RS design), 2
· Note: This implies supporting CSI-RS density of d ∈ {1,1/2} RE/RB/port
· Transmission and/or measurement comb offsets are 0..1/d-1
· For d=1/2 (i.e. for Class A & Class B), comb offsets ∈ {0, 1} can be configured for CSI-RS transmission and/or measurement in the n-th PRB, where n mod 2 = comb offset


Support for dynamically allocated CSI-RS for Class B eMIMO-Type: scheme 1 is aperiodic CSI-RS, scheme 2 is activation/release mechanism – these are the components for the next agreement 
· [RAN1#85] 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
· The control channel can be PDCCH or EPDCCH.
· [RAN1#85] 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)
· 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


Support for dynamically allocated CSI-RS for Class B eMIMO-Type: 
1. aperiodic CSI-RS (scheme 1 + scheme 2); 
2. “multi-shot” CSI-RS (legacy periodic CSI-RS + scheme 2). 
[RAN1#86] Aperiodic CSI-RS
· Two-step NZP CSI-RS resource configuration:
· Step 1. RRC configuration with a newly defined Aperiodic CSI-RS-Resource-Config IE
· Without Subframe_config
· Configure a UE with K = {1, 2, .., 8} CSI-RS resources
· Step 2. Activation/release mechanism
· Activate N out of K CSI-RS resources per CSI process
· Note: Activation refers to down selection of N out of K CSI-RS resources
· Once activated, a CSI resource remains activated until released
· Choose at least one of the following alternatives for activation/release mechanism (TBD in RAN1#86bis)
· Alt1. Using UL grant(s)
· Alt2. Using MAC CE
· Other alternatives are not precluded
· One out of N CSI-RS resources is selected via the UL-related DCI
· A UL grant carries a CSI request and indicates transmission of one CSI-RS resource if N>1 aperiodic CSI-RS resources are activated for a CSI process for which the CSI is requested
· A CSI request is for one CSI-RS resource per CSI process 
· Choose one out of the following alternatives for indicating transmission of 1 out N CSI-RS resources (TBD in RAN1#86bis)
· Alt1. use code points from an existing DCI field to select 1 out N CSI-RS resources
· Alt2. Introduce additional  bit(s) in DCI
· Only PUSCH based A-CSI reporting is supported
· Aperiodic CSI-RS transmission is in the same DL subframe as the associated UL-related DCI
[RAN1#86] “Multi-shot” CSI-RS
· Two-step NZP CSI-RS resource configuration:
· Step 1. RRC configuration with a Rel-13 periodic CSI-RS-Resource-Config IE
· Configure a UE with K = {1, 2, .., 8} CSI-RS resources
· Step 2. Activation/release mechanism
· Activate N out of K CSI-RS resources per CSI process
· Note: Activation refers to transmission of N CSI-RS resources 
· Once activated, a CSI resource remains activated until released
· Choose at least one of the following alternatives for activation/release mechanism (TBD in RAN1#86bis)
· Alt1. Using UL grant(s)
· Alt2. Using MAC CE
· Other alternatives are not precluded
· CSI reporting
· N=1: CQI/PMI/RI is reported
· N>1: CRI (=0,1, …, N – 1) is reported along with CQI/PMI/RI associated with the reported CRI value 

Details on activation/release mechanism:
· [RAN1#86bis] For activation/release mechanism:
· MAC CE is used to signal the choice of N out of K RRC-configured CSI-RS resources
· The value of N is configurable via higher-layer signalling and upper bounded by a UE capability parameter Nmax
· Nmax for aperiodic and multi-shot periodic CSI-RS can be different.
· When K ≤ 2, N=K; else (when K > 2) N = {1, 2, …, min(4,K)}
· Note: If the above value of N exceeds Nmax, N = Nmax is used instead.
· Note: Activation/release mechanism is skipped for aperiodic CSI-RS when  K = 1 or N
· [RAN1#86bis] The above MAC-CE-based activation/release mechanism is used for both aperiodic and “multi-shot” CSI-RS.
· [RAN1#87] RAN1 recommends X=Y=8ms for activation/release
· [RAN1#87] For the activation/release mechanism
· Simultaneous activation/release of the CSI-RS resources for multiple CSI processes and/or DL CCs can be supported 
· Detailed MAC CE signalling design & payload size & maximum #CC in one MAC CE is up to RAN2
· Note: maximum 7 bits required for each CSI process (e.g, K=8, N=4, 70 codepoints)


Rate matching for aperiodic CSI-RS
· [RAN1#86] Definition of Aperiodic ZP CSIRS:
· For PDSCH rate matching on BF CSIRS due to aperiodic CSI-RS and/or multi-shot CSI-RS, an aperiodic ZP CSIRS resource is indicated. 
· Aperiodic ZP CSIRS resource configuration is defined without Subframe_config
· UE conducts PDSCH rate matching on aperiodic ZP CSIRS at the subframe when the DCI is signaled.
· [RAN1#87] Handle EPDCCH vs. AP-CSI-RS collision as eNB implementation issue
· For PDSCH rate matching, 2-bit aperiodic ZP CSI-RS resource signaling field is introduced in DL-related DCIs for all TMs. 
· AP ZP CSIRS resource configuration is defined without subframe_config
· UE conducts PDSCH rate matching on AP ZP CSIRS at the subframe when the DCI is signaled.
· AP ZP CSI-RS resource signaling field descriptions are
· State ‘0’:  The 1st RRC-configured AP ZP CSIRS is indicated to be applied.
· State ‘1’:  The 2nd RRC-configured AP ZP CSIRS is indicated to be applied.
· State ‘2’:  The 3rd  RRC-configured AP ZP CSIRS is indicated to be applied.
· State ‘3’:  The 4th  RRC-configured AP ZP CSIRS is indicated to be applied.
· This applies only to the DCIs used for non-fallback mode

QCL issues:
· [RAN1#87] In TM10, activation/deactivation of an NZP CSI-RS with subframe_config can be configured with UEs configured with QCL Type B, where
· NZP CSI-RS configured for activation/deactivation can be indicated in PQI for QCL purposes, and follow legacy QCL assumption. 
· UE does not expect to receive PQI indication before receiving Ω (>1) activated NZP CSI-RSs from an NZP CSIRS activation. 
· UE does not expect that a PQI indication is received which indicates a deactivated NZP CSI-RS. 
· Note: NZP CSI-RS not configured for activation/deactivation can also be indicated for QCL purpose.



2. UL DMRS 

Support for UL orthogonal DMRS 
· [RAN1#86] Support orthogonal DMRS (more than 2) for MU-MIMO with partial overlapping BW allocation by
· IFDMA with at least RPF 2 
· [RAN1#86] Additional power boosting shall be supported and applied to IFDMA DMRS depending on the value of RPF
· [RAN1#86] IFDMA Sequence Design for RPF=2, 
· New lengths larger than 36 are supported. The corresponding DMRS sequences are generated by the legacy mechanism by extension of a Zadoff-Chu sequence. 
· [RAN1#86bis] IFDMA details
· IFDMA DMRS with RPF=2 only will be supported in Rel-14
· Lengths of 6, 18 and 30 DMRS based sequences are supported for RPF=2 
· Length-30 base sequence is [RAN1#87] 
· Length-18 base sequences design refer Table 3 in R1-1608928
· Length-6 base sequence design refer to Table 4 in R1-1609850
· Additional 3dB power boosting is used for IFDMA DMRS with RPF=2
· [RAN1#86bis] Cyclic Shift of UL IFDMA DMRS Generation:
· If IFDMA is activated according to control signaling, 
· 
reference signal sequence on even subcarriers is 
· 
reference signal sequence on odd subcarriers is 



where  is the length of the reference signal sequence, where   and  .
· [RAN1#87] Length-30 base sequences can be obtained from ZC sequences of length-31 by truncating 1st element.
· [RAN1#87] Table 1 with an additional one bit in DCI format 0 and 4 to indicate one of the CSF mapping tables in UE specific search space
· Note: In common search space the legacy table will be used 

Table 1
[image: ]



3. CSI reporting for DMRS-based semi-open-loop transmission

Support for the transmission scheme 
· [RAN1#86] Support both CLASS A and CLASS B with K≥1 CSI-RS resources for the eMIMO-Type of semi-open-loop
· For dual-stage codebook, 
· RI, i1 and CQI reporting is supported for {CLASS A} and {CLASS B with K=1 and 8Tx/alternate 4Tx codebooks} 
· CRI, RI, i1 and CQI reporting is supported for CLASS B with K>1
· For single-stage codebook with 2 and 4 ports (CLASS B with K>1), CRI, RI and CQI are reported
· For single-stage codebook with 2 and 4 ports (CLASS B with K=1), RI and CQI are reported
· [RAN1#86] Support RE level transmitter operation on PDSCH for both CSI reporting and PDSCH transmission
· [RAN1#86bis] Denote the modulation symbol index as i, RE-level PDSCH processing for semi-open-loop MIMO is based on DMRS ports 7/8
·  Rank-1: Tx diversity
· 

· Rank-2:  co-phasing cycling
· 
[image: ]
· [RAN1#86bis] For the purpose of CSI feedback, UE assumes the following beamforming on port 7/8 (to N CSI-RS ports) 
· Dual-stage codebook:  W(j)= W1W2(j) 
· W1: 	 wideband i1 (e.g. grid of beams) of rank-2 
· If the CQI reporting is configured to be based on the Single-stage codebook: W(j) 
· 2 CSI-RS ports:  identify matrix (i.e. no PMI feedback)
· 4 CSI-ports:  Per-PRB-pair cycling of W(j), where W(j) = Ck, k=mod(j,4)+12, Ck denotes the rank-2 precoding matrix of index k 
· NOTE: j denotes PRB pair index
· [RAN1#87] For the purpose of CSI derivation, the UE assumes Option 1 with a single DMRS beam semi-statically configured by codebook subset restriction
· The single DMRS beam, which is the same for both ports 7&8, is indicated in the i2 field of codebook subset restriction 
· Option 1:
· Rank-1: SFBC only + fixed beam selection
· Rank-2: Fixed beam selection
·  [RAN1#87] DMRS based semi-open-loop transmission is introduced within existing transmission mode, i.e. TM9/10
· Configured by RRC signaling
· Semi-open-loop PDSCH transmissions are scheduled only using existing DCI formats 2C/2D with a new DMRS port indication table
· Semi-open-loop is only specified for rank-1/2, unless there is quick consensus on an extension to rank 3/4 in RAN1#88. 


4. Hybrid CSI reporting

Support for mechanism 1 hybrid CSI 
· [RAN1#85] Mechanism 1: Hybrid CSI is realized by with one CSI process, support at least CLASS A for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource for the 2nd eMIMO-Type
· i1 is reported while CQI and i2 are not reported for the 1st eMIMO-Type (CLASS A)
· CQI/PMI/RI are reported for the 2nd eMIMO-Type (CLASS B K=1)
· [RAN1#86, 87] Further details on Mechanism 1 
· Reporting content
· For the 1st eMIMO-Type (CLASS A), i1(1) and x-bit RI(1) are reported, while CQI(1) and i2(1) are not reported
· If UE supports up to 2 layers, x=0
· If UE supports up to 8 layer, x=1 where RI(1)={1, 3}
· For the 2nd eMIMO-Type (CLASS B K=1), CQI(2), PMI(2), RI(2) are reported 
· Note: Superscript (y) represents the y-th eMIMO-Type, where y=1,2. 
· No inter-dependence between CSI calculations across two eMIMO-Types
· Reuse legacy CSI reporting mechanisms with the following refinement
· For PUCCH-based P-CSI
· Report i1(1) and RI(1)  in one subframe
· PUCCH format 2 is used for the 1st eMIMO-Type
· Periodicity of the CSI of 1st eMIMO-Type is an integer multiple of RI(2) periodicity of the 2nd eMIMO-Type. 
· Subframe offset of the 1st eMIMO-Type is defined relative to RI(2) subframe offset of the 2nd eMIMO-Type. 
· Priority rule for collision handling is FFS. 
· For periodic CSI reporting for hybrid CSIRS mechanism 1 
· Subframe offset of CSI(1) can be configured. 
· The following table is used to configure periodicity and offset of CSI(1):
· Note that this table is the same as legacy CRI table
[image: ]

· For periodic CSI reporting for hybrid CSIRS mechanism 1 
· Collision handling: CSI of 1st eMIMO has the same priority as legacy CRI.
· A-CSI for hybrid mechanism 1:
· [86b-15] A UE can be simultaneously configured with both A-CSI and P-CSI 
· [86b-15] For both A-CSI and P-CSI reporting, UE calculates CSI for only one eMIMO-Type of a pair at a time 
· [86b-15] Support A-CSI (PUSCH-based) reporting for both 1st and 2nd eMIMO-Types based on the following joint configuration approach 
· Only the A-CSI reporting mode of the 2nd eMIMO-Type is configured, whereas the reporting content of the 1st eMIMO-Type (i1 and RI) is fixed 
· A-CSI configuration does not apply to the content of the 1st eMIMO-Type
· [RAN1#87] For aperiodic CSI reporting for hybrid CSI mechanism 1 
· Either one of CSI for 1st eMIMO-Type (i.e., CSI(1)) and CSI for 2nd eMIMO-Type  (i.e., CSI(2)) is triggered for aperiodic CSI reporting.
· [RAN1#87] The CSI request field of the same size as the legacy CSI request field is used to jointly indicate the triggered eMIMO-Type and CSI process.
· Reuse the legacy RRC approach for configuration of the trigger 


Support for mechanism 2 hybrid CSI 
· [RAN1#87] Hybrid mechanism 2:
· Hybrid CSI reporting with one CSI process, support Class B with K>1 CSI-RS resources for the 1st eMIMO-Type and Class B with K=1 CSI-RS resources for the 2nd eMIMO-Type
· For the 1st eMIMO-Type, CRI is reported
· For the 2nd eMIMO-Type, CQI/PMI/RI are reported
· Total number of CSI-RS resources across 2 eMIMO-Types is limited by Rel. 13 UE capability Kmax.
· Total number of CSI-RS APs across 2 eMIMO-Types is limited by Rel. 13 UE capability Nmax.
· For periodic CSI reporting for hybrid CSIRS mechanism 2, reuse the legacy CRI configuration table for the 1st eMIMO-Type



5. PMI codebooks (Class A extension and advanced)

Class A codebook extension 
· [RAN1#86bis] Agree on the following table for (O1, O2) combinations 

	Number of CSI-RS antenna ports, P
	
	 : 


	20
	(2,5)
	(8,4)

	
	(5,2)
	(4,4)

	
	(10,1)
	(4,-)

	24
	(2,6)
	(8,4)

	
	(3,4)
	(8,4)

	
	(4,3)
	(4,4)

	
	(6,2)
	(4,4)

	
	(12,1)
	(4,-)

	28
	(2,7)
	(8,4)

	
	(7,2)
	(4,4)

	
	(14,1)
	(4,-)

	32
	(2,8)
	(8,4)

	
	(4,4)
	(8,4)

	
	(8,2)
	(4,4)

	
	(16,1)
	(4,-)



· [RAN1#87] The Rel.13 rank 1-8 Class A codebook tables are extended to the agreed port layouts of {20, 24, 28, 32} ports
· All the four codebook Configs 1-4 of Rel-13 are supported in Rel-14 for 20,24,28 and 32 ports
· No other codebook Config is introduced for 20, 24, 28 and 32 ports
· Rank 5-8 codebooks for {20, 24, 28, 32} ports are extended from Rel-13 16-ports codebook 
· 

Advanced CSI (combination) codebook
· [86b-09] For advanced CSI feedback, RAN1 will specify only rank-1 and rank-2 codebooks 
· For rank 3-8, Rel.13 codebooks, as well as the extension and/or enhancement to more than 16 ports, can be reused 
· [RAN1#87] {4,8,12,16,20,24,28,32} CSI-RS ports are supported in advanced CSI
· [RAN1#87] Advanced CSI codebook
· Precoders are to be normalized in the equations below.
[image: ]
[image: ]
[image: ]
· Feedback on PUSCH is supported
· Feedback on PUCCH is supported
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