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1	Work plan related evaluation
	Do you want to modify the time budget for this WI/SI compared to what was endorsed at the last RAN meeting?
	No



If you answered No:	Then please remove the Excel file from the zip file of this status report.
If you answered Yes:	Then please fill out the attached Excel template to request a modification of the time 		budgets for your WI /SI. The Excel table has to be filled out for all affected RAN WGs and 		up to the target date of the WI/SI. The basis are the endorsed time budgets of the last 		RAN meeting. Please highlight all changes of the values.
		One time unit (TU) corresponds to ~ 2 hours in the meeting.
		If this status report covers a WI with Core and Performance part, then please have one 		line for each in the attached Excel table.
		Note: If no Excel table is attached, then this means no time budget change.
Additional explanations/motivations for the time budget changes in the attached Excel table:


2.	Detailed progress in RAN WGs since last TSG meeting (for all involved WGs)
	NOTE: Agreements and Open issues impacted cross-TSG aspects shall be explicitly highlighted
2.1	RAN1
2.1.1	Agreements
The following agreements and conclusions were made in RAN1#94bis:

1. CSI enhancement for MU-MIMO support
Agreement 
On the issue of Type II overhead reduction (rank 1, 2), to further progress, interested companies are to submit evaluation results (especially performance-overhead tradeoff) in RAN1#95 once the evaluation methodology is finalized in RAN1#94B.
· Focus on proposals based on linear combination codebook as in Rel-15
· Also investigate potential common ground between frequency domain and time domain approaches, e.g. merging these two into one category

Agreement
The study and, if needed, work on Type II higher rank extension is performed as follows:
· Only for rank 3 and 4 by taking into account the outcome of Type II overhead reduction for rank 1-2
· Simple extension of Rel.15 Type II without any additional optimization (which results in ~3-4x overhead over rank-1) is ruled out


2. Enhancements on multi-TRP/panel transmission
Agreement
For eMBB multi-TRP/panel transmission down-select among the following in RAN1#95:
· Alt0: Support only single PDCCH design
· FFS: Whether multiple PDCCH design is also needed 
· Alt1: Support only multiple PDCCH design
· FFS: Whether single PDCCH design is also needed 
· Alt2: Support both multiple PDCCH and single PDCCH design
· FFS: PDCCH design for URLLC
Aspects to be considered in the down-selection: backhaul latency, downlink control overhead, specification impact (including RAN2 specs), UE complexity (related to power control, timing adjustment, and blind dection), DCI/UCI design, scheduler flexibility, intra-UE PUCCH/PUSCH transmission, Rel-15 PDCCH blockage probability, CSI feedback, etc.

3. Enhancements on multi-beam operation
Agreement
· L1-SINR is supported. L1-RSRQ is not supported.
· Companies to study and provide definition of L1-SINR
· Study the reporting content, e.g.
· Whether CRI/SSBRI is reported
· Whether differential group/non-group reporting is applied
· Whether L1-RSRP is reported
· Study the interference measurement mechanism


4. Full TX power UL transmission
Agreement
Consider the following potential solutions and other solutions (such as combination of the solutions below) for UL full power transmission. Decision will be made in RAN1#95:
Option 1: Refinement/adjustment of UL codebook is supported
· 1-1: Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs
· 1-2: Introduce additional scaling factor for uplink codebook
Option 2: UE transparently apply a small cyclic or linear delay
Option 3: Power control mechanism to be modified to support UL full power transmission without precluding the use of full rated PA(s)
· Note: Full rated PA refers to a PA having power not lower than that of the power class
Option 4: Up to UE implementation (no specification impact)

5. Low PAPR RS
Working Assumption
· For PDSCH DMRS and PUSCH DMRS for CP-OFDM, DMRS enhancements are specified in Rel.16 to reduce the PAPR to the same level as for data symbols for all port combinations given by 38.212
· For the Rel-16 DMRS enhancement, each CDM group can be configured with different cinit
· For Type 1, the two cinit (configured by nSCID=0,1, respectively) in Rel-15 are used for port(s) in each of the two CDM groups, respectively
· For Type 2, introduce the CDM group index in cinit 
· FFS: How CDM group index is derived?
· For Type 1 and Type 2, simultaneously use dynamic TRP selection (or MU-MIMO pairing with different nSCID) and CDM group specific cinit is supported
· The following solution categories are precluded 
· Modification of OCC 
· Modification to PN sequence generation, such as subsampling a longer sequence
· Note: Concerns raised by MediaTek that preclusion of the above solutions will negatively impact power imbalance issue
· Carefully consider backward compatibility issues and the total number of cinit configured per UE
· For PUSCH/PUCCH DMRS for pi/2 modulation, new DMRS sequences are specified in Rel.16 to reduce the PAPR to the same level as for data symbols
· Carefully consider channel estimation performance and cross correlation performance
· For the next meeting:
· CSI-RS PAPR reduction
· Whether to specify a solution to reduce the PAPR to the same level as for data symbols for all CSI-RS configurations given by 38.211
· Power imbalance issues
· Power imbalance between PAs, between OFDM symbols, between RE in same OFDM symbol 
· Whether is it in scope of WI and if so, whether to specify a solution

6. Evaluation Methodology: [For brevity, almost all the required evaluation methodology aspects (e.g. metrics, simulation assumptions) were agreed for MU-MIMO, multi-TRP (except for URLLC), and multi-beam enhancements. See [1] for further details.

The following agreements and conclusions were made in RAN1#95:

1. CSI enhancement for MU-MIMO support
Agreement
For Rel-16 NR, agree on Alt1 (DFT-based compression) in Table 1 of R1-1813002 as the adopted Type II rank 1-2 overhead reduction (compression) scheme as formulated in Alt1.1 of R1-1813002
· Note: The same DFT-based compression scheme is extended for Type II port selection codebook
· Codebook subset restriction (CBSR) is supported when DFT-based compression is utilized for Type II codebooks with overhead reduction (compression) scheme
· FFS: detailed signaling mechanism 
· Note: Additional compression scheme(s) are not precluded 

Agreement 
In RAN1 NR-AH 1901, decide (agree on) at least the following aspects of DFT-based compression:
· Frequency-domain compression unit: same subband size as CQI vs. RB (or multiple of RBs) different from CQI
· 
Basis subset selection for the 2L beams: common (including the possibility of reporting a subset of 2LM  coefficients) vs. independent

Agreement
For RAN1 NR-AH 1901:
· Identify the remaining details required to finalize Type II rank 1-2 compression, e.g. range of values and configuration for each DFT-based compression parameter, CBSR utilization, detailed UCI design (such as reporting of coefficients associated with strongest beam/polarization)
· Companies are encouraged to evaluate the options A, B, C, D, and E (“other schemes”) summarized in Table 3 of R1-1813002 for potential support for Type II rank 1-2 overhead reduction 

Agreement: 
In RAN1 NR-AH 1901, select one of the following alternatives for precoder/PMI FD compression unit, taking into account UPT vs. overhead and complexity 
· Alt1. Subband (SB), wherein the SB size for precoder/PMI compression is the same as the CQI subband size
· Alt2. X resource blocks (RBs), different from CQI subband size. Three sub-alternatives 
· Alt2.1 X = 1
· Alt2.2 X = CQI SB size / R where R>1 is a predetermined integer 
· Only one R value is supported. FFS: the value of R
· Alt2.3 X = {2, 4} where X is higher-layer configured 

Assume Rel.15 3-bit amplitude and Rel.15 8PSK co-phasing for quantization for evaluation purposes.

Agreement
The first offline agreement in section 2.2 of R1-1814201 on ‘Basis subset or linear combination (LC) coefficient selection for the 2L beams’ is agreed.

Agreement: 
In RAN1 NR-AH 1901, select one of the following alternatives for DFT basis oversampling factor(s) O3:
· Alt1. O3 = 4
· Alt2. O3 = 1 (critically sampled)
· Alt3. O3 is fixed for and depends on a given length of the DFT vector (N3) and/or bandwidth part, exact dependence is FFS

Assume Rel.15 3-bit amplitude and Rel.15 8PSK co-phasing for  quantization for evaluation purposes.

Agreement: 

In RAN1 NR-AH 1901, companies are encouraged to evaluate the following alternatives for compression basis () subset selection scheme across different layers when RI=2. Select one of the following alternatives in RAN1#96: 
· 
Alt1. Basis subset selection () for the 1st is the same as that for the 2nd layer 
· 
Alt2. Basis subset selection () for the 1st can be different from 2nd layer

Assume Rel.15 3-bit amplitude and Rel.15 8PSK co-phasing for  quantization for evaluation purposes.

For next meeting
In RAN1 NR-AH 1901, companies are encouraged to study the following issues for finalizing the remaining details on DFT-based compression in RAN1#96:
· Supported values for the number of FD compression units before compression, or the DFT vector length (N3), by considering, e.g.
· Whether one compression is performed across the entire CSI reporting band or a segment of the CSI reporting band
· Supported values for the number of FD components after compression (M for common selection or {Mi} for independent selection)

Agreement: 

For each layer, the following alternatives for quantizing each of the coefficients in  are to be studied for down selection in RAN1#96: 
· Alt1A. Rel.15 3-bit amplitude; Rel.15 QPSK and 8PSK co-phasing 
· Alt1B. Rel.15 3-bit amplitude; Rel.15 QPSK, Rel.15 8PSK, and new 16PSK co-phasing 
· Alt2A. Rel.15 3-bit wideband amplitude for each beam, 2/3-bit differential amplitude for FD coefficients; Rel.15 QPSK and 8PSK co-phasing 
· Alt2B. Rel.15 3-bit wideband amplitude for each beam, 2/3-bit differential amplitude for FD coefficients; Rel.15 QPSK, Rel.15 8PSK, and new 16PSK co-phasing
· Alt2C. Rel.15 3-bit wideband amplitude + Rel.15 QPSK and 8PSK wideband co-phasing for each beam, 2/3-bit differential amplitude and co-phasing for FD coefficients;
· Alt3. A-bit amplitude for each of 2L beams, B-bit amplitude for each of M FD components, 1-bit differential amplitude and 8PSK co-phasing for each of the 2LM FD coefficients
· Alt4. For each beam, 
· B0-bit amplitude and C0-bit phase for coefficients for the P0 strongest coefficients, 
· B1-bit amplitude and C1-bit phase for coefficients for the P1 2nd strongest coefficients, …
· …
· BQ-1-bit amplitude and CQ-1-bit phase for coefficients for the PQ-1 Qth strongest coefficients
· Alternatively, amplitude/phase can be replaced with real/imaginary
· Alt5. Special case of Alt4: Q=2, B0=C0=3; B1=C1=2 on amplitude/phase


2. Enhancements on multi-TRP/panel transmission
Agreement
For multi-TRP/panel transmission, both multiple PDCCH and single PDCCH designs are supported in Rel-16
· Applies for eMBB

Agreement 
For multiple-PDCCH based multi-TRP/panel DL transmission, at least following enhancements can be studied for eMBB: 
· Multiple PDCCH enhancements/restrictions, including following 
· #1: PDSCH scheduling restriction/indication, e.g. 
· The number of layers per PDSCH and the maximal of layers across all coordination TRPs 
· no/partial/full PDSCH overlapping at T/F domains, considering 
· associated rate matching mechanism 
· the maximum number of overlapped PDSCH per BWP per symbol
· PDSCH mapping types 
· PDSCH scrambling 
· #2: Configurations and monitoring of multiple PDCCH, e.g. 
· CORESET/search space configurations (including configuration details) for multi-TRP reception 
· The number of BD/CCE for multi-TRP reception  
· Independent DCI (strive to reuse Rel-15 DCI format/field) or dependent DCI (e.g. two-step DCI) considering 
· Associated DCI format/fields
· Applicability to non-ideal backhaul and ideal backhaul 
· #3: PDCCH/PDSCH processing/preparation timing for supporting multiple PDCCH
· UL control enhancement 
· [bookmark: OLE_LINK9]#4: UL ACK/NACK feedback for multiple TRP/panels, e.g. 
· separated A/N payload/DAI for PDSCH transmitted by different resources
· whether need to or how to handle intra-UE A/N and PUSCH overlapping at time domain 
· whether/how to do joint A/N payload considering the applicability of backhaul assumption 
· #5: CSI reporting enhancement for multiple TRP/panels, e.g. 
· CSI processing/timing, separated CSI reporting/reporting resources, and CSI multiplexing with A/N 
· Whether/how to use joint CSI reporting and associated reporting resource
· Whether and how to enhance HARQ, e.g.
· Increasing the number of HARQ
· Other enhancements are not excluded.
· Note that for the sake of discussion, the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows. Companies are encouraged to clarify time/frequency synchronization assumptions for proposed multi-TRP/panel DL transmission.
· Note that CSI measurement enhancement for NCJT considering backhaul condition and semi-static network coordination are not excluded. Companies are encouraged to evaluate CSI measurement schemes in Ad-Hoc and RAN1#96. 
Agreement
Study for URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul
· [bookmark: _Hlk530133533]For PDSCH/PUSCH where the same TB is transmitted including
· #1: the number of TRP/panel/beams
· #2: Configuration/indication mechanism of TB repetition
· Other enhancements are not excluded.
· For PDCCH/PUCCH
· #1: the number of TRP/panel/beams
· #2: Repetition/Diversity of DCI/UCI
· Other enhancements are not excluded.
FFS: Non-ideal backhaul case


3. Enhancements on multi-beam operation
Agreement 
In Rel-16, an identifier (ID) that can be used at least for indicating panel-specific UL transmission is supported, where detailed usages for the panel-specific UL transmission are FFS
· The ID should be defined considering the possibility to reuse/modification of Rel-15 specification support or introducing new ID
· Note: RAN1 to avoid unnecessary specification support requiring UE to explicitly disclose its UL antenna panel implementation
· FFS: Whether UE capability signalling is introduced for panel-specific UL transmission

Agreement: 
Decide (agree on) either one of the followings in RAN1 NR-AH 1901:
· Alt.1: Support sub-time unit for beam management RS shorter than 1 OFDM symbol in a reference numerology.
· No new RS for beam management is introduced in Rel-16.
· FFS: details including IFDMA-based, DFT-based, larger subcarrier spacing based, etc, or limited to only for P-3.
· Alt.2: No support of sub-time unit for beam management RS shorter than 1 OFDM symbol.

Agreement
RAN1 has identified the following scenarios to be important for SCell BFR
· Scenario 1: SCell with both uplink and downlink
· Scenario 2: SCell with downlink only
· PCell can be in FR1 or FR2 for scenarios above

Agreement
· Support L1-SINR measured from
· For signal part, SSB and/or NZP CSI-RS
· FFS: For interference part
· Companies are encouraged to provide simulation results on how to measure/define L1-SINR, e.g. whether interference is measured from dedicated IMR
· For example, take Rel-15 L1-RSRP and/or SINR specified in 38.215 as a comparative reference for evaluation purposes
Agreement
For interference part, down-select at least one from the following alternative:
· Alt 1: Dedicated resource(s) for interference measurement
· FFS: UE assumes interference signal on the REs of the RS for signal part and REs for dedicated resource(s) for interference measurement similar to specified in 38.214
· FFS: whether resource(s) for interference measurement can be NZP based or ZP based or both
· FFS: whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement
· Alt 2: The same reference signal as signal part as specified in 38.215
· Alt 3: Alt1 when SSB is used for signal part, Alt2 when CSI-RS is used for signal part
· Companies are encouraged to provide simulation results for down-selection


4. Full TX power UL transmission

Agreement
Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs
· This specification support is a UE optional feature
· FFS: Whether this applies for the entire codebook or subset of codebook

Agreement
Full TX power UL transmission, one additional option (option 5) is added

Option5: For the precoders with 0 entries, the linear value  of a PUSCH transmission power is scaled by a ratio Rel-16.  The value of Rel-16 is selected up to UE implementation within the range of [Rel-15, 1],  where Rel-15 is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of configured antenna ports for the PUSCH transmission scheme as defined in NR Rel-15 specification.  
· UE is required to maintain consistent Rel-16 value on different occasions of PUSCH transmissions with the same precoder for PUSCH

Agreement
Full TX power UL transmission, option 4 is updated as follows
Option 4: Up to UE implementation with UE capability signalling of full power transmission in UL (no specification impact)

5. Low PAPR RS

Agreement
The working assumption from RAN1#95 on low PAPR RS for Rel-16 NR is confirmed as an agreement 
· For PDSCH DMRS and PUSCH DMRS for CP-OFDM, DMRS enhancements are specified in Rel.16 to reduce the PAPR to the same level as for data symbols for all port combinations given by 38.212
· For the Rel-16 DMRS enhancement, each CDM group can be configured with different cinit
· For Type 1, the two cinit (configured by nSCID=0,1, respectively) in Rel-15 are used for port(s) in each of the two CDM groups, respectively
· For Type 2, introduce the CDM group index in cinit 
· FFS: How CDM group index is derived?
· For Type 1 and Type 2, simultaneously use dynamic TRP selection (or MU-MIMO pairing with different nSCID) and CDM group specific cinit is supported
· The following solution categories are precluded 
· Modification of OCC 
· Modification to PN sequence generation, such as subsampling a longer sequence
· Note: Concerns raised by MediaTek that preclusion of the above solutions will negatively impact power imbalance issue
· Carefully consider backward compatibility issues and the total number of cinit configured per UE
· For PUSCH/PUCCH DMRS for pi/2 modulation, new DMRS sequences are specified in Rel.16 to reduce the PAPR to the same level as for data symbols
· Carefully consider channel estimation performance and cross correlation performance
· For the next meeting:
· CSI-RS PAPR reduction
· Whether to specify a solution to reduce the PAPR to the same level as for data symbols for all CSI-RS configurations given by 38.211
· Power imbalance issues
· Power imbalance between PAs, between OFDM symbols, between RE in same OFDM symbol 
· Whether is it in scope of WI and if so, whether to specify a solution
[bookmark: _Hlk529864447]
Conclusion
For CSI-RS, there is no consensus to specify low PAPR related specification features in Rel-16
Agreement
Metrics to consider for new sequence design for the pi/2 BPSK DMRS are the gNB receiver complexity, PAPR relative to data and link level throughput/BLER performance considering frequency domain flatness and autocorrelation properties, interference considering cross correlation properties and when applicable (e.g. PUCCH), orthogonality of sequences
Agreement
For CP-OFDM and for both DMRS type 1 and 2, the following cinit for CDM group λ is used for Rel-16 DMRS sequence generation
[image: ]
and where nSCID is provided by DCI. Lambda is absolute CDM group index.
Agreement
· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUSCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding resulting in a DMRS Type 1 comb structure. 
· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUCCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding. 
· For sequences with allocation length 6,12,18 and 24 CGS is used for DMRS for π/2 BPSK modulation in case of PUSCH and PUCCH 

Agreement 
Support PUCCH DMRS enhancements for PUCCH format 3 and 4

6. Evaluation Methodology

Agreement
For evaluation of multi-TRP techniques for URLLC services, companies use one or more of the use cases/evaluation scenarios in TR38.824.
Agreement
For evaluation of multi-beam techniques, include ‘Dense Urban Macro layer only’ scenario in addition to ‘Dense Urban Micro layer only’ scenario in SLS evaluation scenarios.
Agreement

Companies can optionally use a different parameterization of the elevation angles , in addition to the blocking region parameters in TR38.901 Table 7.6.4.1-2



2.1.2	Remaining Open issues
1. CSI enhancement for MU-MIMO support
a. Type II overhead reduction (rank 1-2): Detailed design for DFT-based compression and possibly other complementary enhancements
b. Study of Type II extension to rank 3-4 extension and, if specified, the pertinent specification enhancements
2. Enhancements on multi-TRP/panel transmission
a. Detailed design for multi-PDCCH for supporting NCJT
b. Detailed design for single-PDCCH for supporting NCJT
c. Study of enhancements for URLLC use cases and, if specified, the pertinent specification enhancements
3. Enhancements on multi-beam operation
a. Detailed design for L1-SINR, e.g. SINR definition, channel and/or interference measurement, reporting
b. Detailed design for SCell BFR supporting DL-only and DL+UL SCells for PCell operating in FR1 and FR2
c. UL “panel-specific” identification for UL beam indication and whether simultaneous transmission across multiple panels is supported 
d. Study of DL/UL beam indication with reduced overhead/latency and, if specified, the pertinent specification enhancements
4. Full TX power UL transmission
a. Scheme selection for codebook-based UL transmission
5. Low PAPR RS
a. Remaining details on DMRS design for CP-OFDM
b. Detailed DMRS sequence design for pi/2-BPSK
6. Evaluation Methodology
a. No open issue

2.2	RAN2
2.2.1	Agreements
Not yet started
2.2.2	Remaining Open issues 
Not yet started
2.3	RAN3
n/a
2.3.1	Agreements
2.3.2	Remaining Open issues
2.4	RAN4
2.4.1	Agreements
Not yet started
2.4.2	Remaining Open issues
Not yet started
2.5	RAN5
n/a
2.5.1	Agreements
2.5.2	Remaining Open issues
2.5.3	Remaining Open issues with cross-WG dependencies
2.6	RAN6
n/a
2.6.1	Agreements
2.6.2	Remaining Open issues

3.	Detailed progress in SA/CT WGs since last TSG meeting (for all involved WGs)
NOTE: This section only needs to be filled in for WI/SIs where there is a corresponding relevant WI/SI in SA/CT. 
n/a
3.1	SAx/CTs
3.1.1	Agreements with cross-TSG impacts
3.1.2	Remaining Open issues with cross-TSG impacts
NOTE: This section should also flag any critical dependencies that need TSG attention. 
	
4.	References
NOTE:	This can be e.g. a list of all related Tdocs in the affected WGs since last TSG, references to LSs, produced TRs/TSs, the work/study item description or status reports of previous TSGs.
[1] 3GPP, RAN1, RAN1#94bis Chairman Notes
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