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Work plan related evaluation
1.1
History
	TSG meeting #
	TSG Tdoc number of status report
	TSG Tdoc of WI/SI description sheet as approved by TSG (if any)
	overall level of completion as decided by TSG for the
SI / 
Core part / 
Testing part
	completion date
as decided by TSG for the
SI / 
Core part / 
Testing part
	overall level of completion as decided by TSG for the
Perf. part
	completion date
as decided by TSG for the Perf. part

	71
	WI started
	RP-160623
	WI approved
	March 2017
	WI approved
	September 2017

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


NOTE:
The table covers all TSG meetings from the start of the WI/SI.

1.2 
Status at this TSG meeting

NOTE:
This status reflects the conclusion of the leading WG (e.g. achieved by email). In case there was no consensus a corresponding range has to be provided and reason for missing consensus has to be mentioned. If this status report covers Core and Perf. part, then the rapporteur may have to contact 2 WGs (one for the Core and RAN4 for the Perf. part).
1.2.1
Estimated level of completion of the work/study item

overall (mandatory to be provided):

Core part:


25 %








RAN4 Perf. part:

0 %








RAN5 Testing part:

XXX %








SI:


          XXX %

NOTE:
Please leave the XXX for lines that are not applicable for this status report.

per WG (mandatory to be provided) for Core part or SI:
RAN WG1:

30%











RAN WG2:

0%











RAN WG3:

XXX%











RAN WG4:

0%











RAN WG5:

XXX%

NOTE:
Please leave the XXX for lines that are not applicable for this status report.

additional comments:




1.2.2
Estimated completion date of the work/study item

This SI is planned to be 100% complete in:



           

which is:
RAN #XX
The Core part WI is planned to be 100% complete in:


March 2017
  
which is:
RAN #75
The Performance part WI is planned to be 100% complete in: 
September 2017
which is:
RAN #77
The Testing part WI is planned to be 100% complete in:




which is:
RAN #XX

NOTE:
Please leave the XX for lines that are not applicable for this status report.
additional comments:

1.2.3
Future time budget situation (not applicable to RAN5 WIs/SIs)

	Any time units modified in this section compared to
RP-160623 endorsed by RAN #71
	No


NOTE:
The last row of the table(s) below have to be filled out (without revision marks) to reflect the status of time units (1 time unit ~ 2h) per session as endorsed by the previous RAN meeting: RP-160623 
Then it has to be decided whether any modification is needed and a corresponding Yes or No has to be indicated in the table above.
If any modification is needed, then the table(s) below has to be modified with revision marks and a motivation/explanation of the changes has to be provided below the table(s).
If no time unit is needed for a session, then leave the field empty.
In general: The time units have to be indicated up to the target date of the WI/SI (if necessary add further tables).
	RAN #71
Q2/2016
RAN #72

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF

Perf
	R4RD Perf
	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF Perf
	R4RD Perf

	84bis
	84bis
	93bis
	93bis
	93bis
	91bis
	78bis
	78bis
	78bis
	78bis
	85
	85
	94
	94
	94
	92
	79
	79
	79
	79

	3
	
	
	
	
	
	
	
	
	
	3
	
	
	
	
	
	
	
	
	


	RAN #72
Q3/2016
RAN #73

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF

Perf
	R4RD Perf

	86
	86
	95
	95
	95
	93
	80
	80
	80
	80

	3
	
	
	
	
	
	
	
	
	


	RAN #73
Q4/2016
RAN #74

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF

Perf
	R4RD Perf
	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF Perf
	R4RD Perf

	86bis
	86bis
	95bis
	95bis
	95bis
	93bis
	80bis
	80bis
	80bis
	80bis
	87
	87
	96
	96
	96
	94
	81
	81
	81
	81

	4
	
	
	
	
	
	
	
	
	
	4
	
	0.5
	
	
	
	
	
	
	


	RAN #74
Q1/2017
RAN #75

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF

Perf
	R4RD Perf

	88
	88
	97
	97
	97
	95
	82
	82
	82
	82

	4
	
	1
	
	
	
	
	
	
	


	RAN #75
Q2/2017
RAN #76

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF

Perf
	R4RD Perf
	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF Perf
	R4RD Perf

	88bis
	88bis
	97bis
	97bis
	97bis
	95bis
	82bis
	82bis
	82bis
	82bis
	89
	89
	98
	98
	98
	96
	83
	83
	83
	83

	
	
	
	
	
	
	
	
	
	2
	
	
	
	
	
	
	
	
	
	2


	RAN #76
Q3/2017
RAN #77

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF

Perf
	R4RD Perf

	90
	90
	99
	99
	99
	97
	84
	84
	84
	84

	
	
	
	
	
	
	
	
	
	2


L: LTE, U: UMTS, J: Joint, RD: RRM/demodulation

motivation/explanation:

2.
Technical status related evaluation

2.1
Detailed progress report since last TSG meeting (for all involved WGs)
NOTE:
A good progress report lists what was done for each open issue in all affected WGs.
2.1.1
Progress of the SI or Core part WI or Testing part WI
RAN1
In RAN1#84bis (Busan), the following agreements (including working assumptions) were made [cf. R1-163838]:
Non-precoded CSI-RS:

Agreements: 

· 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}

· The same Nk = N can be used for all k 

· FFS whether the same Nk = N for all k is the only permitted configuration 

· FFS whether the set of values of Nk might be further restricted for some numbers of CSI-RS ports

· FFS whether a different set of Nk might apply in case of CDM4

· FFS on including Nk=2.

· Aim to enable the support of CSI-RS port sharing with Rel-13 and Rel-12 UEs 

· The per-port CSI-RS density is FFS based on one or more of the following alternatives:

· FDM

· TDM

· Partial port

· Partial overlapping, e.g. for 32 ports, ports 15-38 in PRB#1, ports 23-46 in PRB#2

· Aperiodic CSI-RS with partial bandwidth

· Measurement restriction in frequency domain

· CDM, e.g. 2 x Nk ports transmitted in a single Nk resource 

· Other schemes 

· Note that the following are not precluded:

· per-port CSI-RS density per PRB = 1

· different per-port CSI-RS densities for different CSI-RS ports is not precluded

Beamformed CSI-RS:

Agreements: 

· Until RAN1#85, down-selection/merge the following alternatives for reducing the overhead for beamformed CSI-RS, considering overhead reduction, performance, backward compatibility, UE implementation complexity:
· Alt.1: Aperiodic CSI-RS

· E.g., One-shot CSI-RS transmission with transmission on the same subframe as triggering subframe 

· Alt.2: Dynamic CSI-RS activation and/or deactivation

· E.g., One-shot or multi-shot CSI-RS transmission after the triggering subframe 

· Alt.3: Reduced frequency density via decimation over part or all of the bandwidth
· Alt.4: MR with dynamic sharing of the beams on CSI-RS resources among the UEs 

· Alt.5: Triggered measurement of one of multiple CSI-RS configurations
· Alt.6: Spatially multiplexed beamformed CSI-RS
· Other approaches are not precluded

UL DMRS:

Agreements:
· Evaluation assumptions on Slides 2 and 3 [from R1-163834]. 

Conclusions:

· Consider the following possible DMRS enhancements in the evaluation:

· IFDMA DMRS with a comb number of 2 and/or 4

· More DMRS symbols (with or without larger OCC), e.g.:

· IFDMA DMRS subcarriers with PUSCH REs, or 
· across 2-subframe pairing

· Enhancement of DMRS sequence generation, including DMRS transmitted in a wider BW than the associated PUSCH

· Frequency domain OCC
· Other solutions are not precluded 
· Companies are to state their Rel-13 baseline scheme. 
Non-precoded CSI-RS codebook extension:

-- Not discussed
Hybrid CSI-RS:

Agreements:

· Specify at least one of the following enhancements on Rel.14 CSI reporting:
· One CSI process configured with 2 independent eMIMO-Types associated with different sets of parameters

· Each eMIMO-Type is associated with a set of K≥1 NZP CSI-RS resources
· Note that the 2 independent eMIMO-Types may be of the same Class

· Note that if it decided that the two independent eMIMO-Types are always of the same class, then only 1 eMIMO-Type with 2 different sets of parameters would be sufficient. 
· An additional mechanism for CSI calculation applied to a configuration with a pair of CSI processes each of which is configured with 1 eMIMO-Type

· Notes:

· This does not preclude the possibility of specifying a new eMIMO type in Rel-14 and the use of this new type for Hybrid CSI reporting 
· Down-selection (if any) between the two enhancements will be decided in RAN1#85

Advanced CSI+IM for MU transmission:

Conclusions:

· Evaluate proposed advanced CSI schemes

· Baseline for comparison:
· Implicit CSI feedback based on Rel.13 codebook (as well as its extension to >16 ports) or other legacy codebooks if applicable

· Performance and feedback overhead should be provided

· Simulation scenarios:

· FTP model 1 with 70% and 50% traffic loading

· Evaluations should include dynamic switching between MU- and SU-MIMO 

· Other simulation details can refer to 36.897 EB/FD MIMO SI 

Candidates for PMI Enhancement:
· Codebook based (implicit feedback)

· Linear combination codebook (enhanced W2) for Non-precoded CSI-RS and beamformed CSI-RS

· MU CSI (e.g., additional i1, i1,1, or i1,2) 
· Other new or modified codebooks
· Explicit feedback 

· Channel quantization 

· Eigenvector quantization

· Covariance matrix quantization

· Analog feedback
· Note: other schemes are not precluded
Candidates for CQI Enhancement:
· CQI Derivation 
· Interference estimation based on NZP CSI-RS
· MU-CQI conditioned on MU hypotheses and CSI-IM
· Reduced CQI feedback delay
· Note: other schemes are not precluded

DMRS-based semi-open-loop:
Evaluation assumptions agreed in R1-163832
Agreement: 

· Evaluate open-loop and semi-open-loop MIMO schemes until RAN1#85

· Example schemes proposed in RAN1#84bis are provided below
· NOTE: other schemes are not precluded 

· Companies are encouraged to provide performance, CSI feedback and transmission details 

Example: a CSI-process with K = 1 CSI-RS
· Alt-1a:  Transparent DMRS (i.e. DMRS and PDSCH precoded identically)

· PMI feedback points to one of N precoding hypotheses, where each precoding hypothesis corresponds to a set of M>1 precoding matrices on a subband

· PMI overhead log2(N) bits, where N can be 1

· Example: 

· PRB-level or subcarrier(s)-level cycling of M precoders

· Cycling for a subset of codebook by Codebook-subset-restriction

· Cycling for i2, not for i1 (W1 reporting only for dual-stage codebook, e.g. Rel.10 8Tx, Rel.12 4Tx, Rel.13 Class A and its possible Rel.14 enhancements)

· Alt-1b:  Non-transparent DMRS (i.e. DMRS and PDSCH precoded differently)

· Received PDSCH signal as y = HW1W2s + n, where, S is unprecoded PDSCH, W2 refers to OL-precoding from L layer PDSCH to D DMRS ports, W1 refers to CL-precoding from DMRS/PDSCH to CSI-RS ports (or non-precoded channel)
· RI/PMI feedback: quantization of W1,  based on H and knowledge of W2

· CQI feedback: quantization of HW1W2

· Example of W2 precoding (open-loop)

· Rank-1: SFBC (RE-level)

· Rank-2: LD-CDD or layer permutation
Example: a Class B CSI-process with K>1 CSI-RS
· Alt-2a:  

· A single wideband CRI report and/or long-term PMI
· Open-loop/semi-open-loop with K=1 is performed in the CSI-RS resource indicated by CRI

· Alt-2b:

· CRI cycling, no CRI report

· open-loop/semi-open-loop with K=1 is performed in the corresponding CSI-RS resource indicated by CRI

In RAN1#85 (Nanjing), the following agreements were made [cf. R1-165936]:

Non-precoded CSI-RS:
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 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

· FFS port numbering 

· FFS N vs. M

Conclusion:
· Further discussion till RAN1#86, especially regarding evaluating different alternatives, e.g., using OCC 2/4/8, high reuse of CSI-RS, etc.

Beamformed CSI-RS:

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

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   

UL DMRS, advanced CSI+IM for MU transmission, and DMRS-based semi-open-loop:

Agreements:

· UL DMRS Enhancement

· Specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation, i.e. one of IFDMA with OCC2 or new DMRS sequence design

· Advanced CSI

· Specify enhancement on CSI reporting to improve eNB precoding. The specified enhancement is to be selected from the following categories:

· Enhancements to Rel-13 feedback codebooks (FFS which numbers of antenna ports from the set {8, 12, 16, 20, 24, 28, 32}) that increase CSI resolution through improved beam selection / construction in W1 and/or improved beam/port selection / combining / weighting mechanisms in W2 

· Parameters representing channel coefficients, or some reduced space representation thereof including beam combining / weighting with coefficient quantisation or channel quantisation or channel covariance matrix quantisation

· Uplink physical channel enhancements to carry the representation of channel coefficients can be included if selected
· Also, interference measurement enhancement can be considered 

· DMRS-based semi-open-loop

· Specify enhancement to support DMRS-based semi-open-loop transmission with the existing numbers of CSI-RS ports as well as the newly supported number of CSI-RS ports, in the following areas 
· CSI reporting scheme with partial PMI feedback, and/or 
· Transmission method with transmit diversity and/or precoder cycling, with possible enhancements to precoder bundling 
· Associated enhancements to DMRS if required
· Further system level simulations (e.g. considering wideband scheduling and BLER targets at high speed) will be conducted in order to identify the exact scheme to be specified. 
Send LS to RAN plenary reflecting the above, with update to WID - R1-165493.
R1-165493
LS on Rel.14 eFD-MIMO WID update
Nokia

Agreed in R1-166029
Non-precoded CSI-RS codebook extension:
Conclusion:
· Class A codebook enhancement: 

· Starting from Rel-13 Class A codebook design structure by enabling different N1 and N2 combinations 
· Reduce the number of combinations of codebook parameters (N1, N2, O1, and/or O2) 

· To be concluded in RAN1#86

· Examples: 
· Down select from 19 (N1,N2) combinations; and/or

· Reduce the number of (O1,O2) combinations

· Other possibilities are not excluded 
Hybrid CSI-RS:

Working assumption:
· 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)

· FFS: whether RI is reported for CLASS A 

· CQI/PMI/RI are reported for the 2nd eMIMO-Type (CLASS B K=1)

· At least one more mechanism is supported, to be discussed in RAN1#86

Conclusion:
· Candidate mechanisms to consider in RAN1#86

· Mechanism 2A: for hybrid CSI 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, depending on the value of K

· K=1: CQI/RI are reported. In addition, i1 is reported for Rel.12 dual-stage codebooks 

· K>1: two options

· Option 1: CRI is reported

· Option 2: PMI/RI for each CSI-RS resource are reported 

· For the 2nd eMIMO-Type

· CQI/PMI/RI are reported

· Mechanism 2B: for hybrid CSI 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, depending on the value of K

· K=1: 

· Option 1: i1 is reported for Rel.12 codebooks (when applicable) or i2 for Rel.13 CLASS B codebooks

· Option 2: CQI/RI are reported. In addition, PMI is reported for Rel.13 CLASS B codebooks 

· K>1: two options

· Option 1: CRI is reported

· Option 2: PMI/RI for each CSI-RS resource are reported 

· For the 2nd eMIMO-Type

· CQI/PMI/RI are reported

· Mechanism 3:  for hybrid CSI with one CSI process, CLASS A or CLASS B K=1 for the 1st eMIMO-Type and CLASS B K>1 for the 2nd eMIMO-Type

· For the 1st eMIMO-Type: i1 is reported 

· For the 2nd eMIMO-Type:  two options

· Option 1: CRI and CQI/PMI/RI for the recommended CSI-RS resource are reported

· Option 2: CQI/PMI/RI for a CSI-RS resource 

· Mechanism 4: Hybrid CSI reporting with CSI process pair 

· UE calculates CSI for only one CSI process at a time

· Mechanism 5: the proposal in R1-165617

· Other mechanisms are not precluded

· Down select from the above mechanisms and/or options in RAN1#86
· Each proposal should include clear description on use case(s) and specification impact

· For CLASS B K=1, proponent needs to clarify whether both codebook options are applicable for not.
RAN2

No work in RAN2 has started.

RAN4
No work in RAN4 has started.

2.1.2 
Progress of the Performance part WI

This part has not started.
2.2
List of completed elements (compare with open issues of last TSG)

2.2.1
Completed elements of the SI or Core part WI or Testing part WI
RAN1 aspects:

· Decision to specify UL DMRS (one out of two candidate schemes), advanced CSI Reporting (IM enhancements can be considered), and DMRS-based semi-open-loop enhancements 

· RS enhancements:
· Non-precoded CSI-RS: 
· CSI-RS resource is composed as an aggregation of K CSI-RS configurations

· Aggregation for {24, 32} ports with equal value of Mk (either 4 or 8, possibly down selected)
· Aggregation for {20, 28} ports with at least equal value of Mk (either 4 or 8, possibly down selected)

· Beamformed CSI-RS:

· Support for 2 schemes (possible down selection of the two schemes): aperiodic CSI-RS and resource configuration using activation/deactivation mechanism
· CSI reporting enhancements 

· CSI for hybrid CSI-RS: 

· (Working assumption) The support of mechanism 1: one CSI process with 2 eMIMO-Types: 1st eMIMO-Type = Class A, 2nd eMIMO-Type = Class B with K=1 CSI-RS resource 

· (Working assumption) At least one more mechanism is supported – the mechanism(s) are FFS

RAN2 and RAN4 aspects: none.
2.2.2
Completed elements of the Performance part WI
This part has not started.

2.3
List of open issues

NOTE:
Usually, at the beginning of a WI/SI the list of open issues is copied from the objectives of the WID/SID into this open issues list. Once an open issue is completed it is moved up to section 2.2.
When a WI/SI is 100% complete the list under 2.3 is empty. Otherwise please justify why an open issue is not essential for the WI/SI.
2.3.1
Open issues of the SI or Core part WI or Testing part WI
RAN1 aspects

· RS enhancements

· Non-precoded CSI-RS: details on aggregation scheme for {20, 24, 28, 32} ports, support of overhead reduction scheme(s), supported OCC value(s) (2, 4, and/or 8), port numbering

· Beamformed CSI-RS: details on aperiodic CSI-RS and resource configuration based on activation/deactivation, details on CSI-RS overhead reduction for Class B eMIMO-Type (if needed), and details on PDSCH rate matching enhancement (if needed)
· UL DMRS: support of one of the two candidates (IFDMA or DMRS sequence enhancement) and its associated details 

· CSI reporting enhancements 

· Non-precoded CSI-RS codebook extension: supported configurations and associated enhancement

· CSI for hybrid CSI-RS: details on mechanism 1, other supported mechanism(s) and their associated details
· Advanced CSI Reporting and IM: the choice of advanced CSI enhancement from the two categories (and its associated details); consider interference measurement enhancement
· DMRS-based semi-open-loop transmission
· Details on CSI reporting with partial PMI reporting, and/or 

· Details on transmission method with transmit diversity and/or precoder cycling, with possible enhancements to precoder bundling 
· Details on associated enhancements to DMRS, if required
RAN2 aspects: RRC signalling support for all the above enhancements
RAN4 aspects: RAN4 core aspect
2.3.2
Open issues of the Performance part WI
This part has not started.
3.
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