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1. Introduction
This document provides the summary of email round discussion [94e-02-R18-MIMO] MIMO Evolution for Downlink and Uplink. 
2. Summary of Intermediate Round Email Discussion
2.1
Question on Objective 2 

Companies’ views are summarized as follows

· Alt2-1. The above wording as is, i.e. to support multi-TRP, or rewording “focusing on multi-TRP use case” 

· Support (36): Apple, APT, AT&T (focus), CAICT, CATT, CEWiT, CMCC, DT, Ericsson, H3C, Fraunhofer IIS/HHI, Futurewei (focus), Huawei/HiSi, IDC, Intel, KT Corp, Lenovo, LG, LG Uplus, MediaTek, NEC, Nokia/NSB, NTT Docomo (focus), OPPO, Samsung, Sharp, Spark, SKT, Sony, Spreadtrum, Verizon, Xiaomi, ZTE (focus)  

· Serious concern: Qualcomm
· Alt2-2. Add sTRP in addition to multi-TRP, i.e. to support multi-TRP and single-TRP

· Support (3): vivo, MotM, Qualcomm  

· Serious concern: Intel
Proponents of Alt2-1 (at least 36 companies) mainly argue that sTRP has been the focus in Rel-17 and hence adequately supported. Including “sTRP” in objective 2 causes ambiguity in scope which can lead to additional and unpredictable amount of works during the WI phase – which goes against the spirit of containing the scope per RAN Chairman’s instruction. In addition, some proponents of Alt2-2 are willing to accept rewording proposed by Samsung, i.e. “focusing on multi-TRP use case”. 

Two proponents of Alt2-2 argue that some additional optimization for sTRP (e.g. Qualcomm claiming sub-optimality in sTRP over Rel-15) can be beneficial although this is disputed by some of the comments (e.g. Ericsson and Intel claiming the case pointed out by Qualcomm is not used in practice even for Rel-15). 

Given the overwhelming majority for Alt2-1 and that Alt2-1 is in fact a subset of Alt2-2 (thereby making Alt2-1 the common denominator between the two alternatives), fully taking into account the instruction on reducing the scope from the RAN Chairman, the moderator proposes that Alt2-1 be agreed with the minor rewording as follows: 

Moderator Proposal on Objective 2:

Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on to support multi-TRP use case, using Rel-17 unified TCI framework

2.2
Question on Objective 3
Companies’ views are summarized as follows
· Alt3-1. The above wording as is, i.e. only for CP-OFDM

· Support (33): Apple, AT&T, CAICT, CATT, CEWiT, CMCC, DT, H3C, Fraunhofer IIS/HHI, Futurewei, Huawei/HiSi, IDC, Intel, KT Corp, Lenovo, LG, LG Uplus, MediaTek, NEC, Nokia/NSB, NTT Docomo, OPPO, Samsung (ok with 3-2 if limited), Sharp, SKT, Sony, Spreadtrum, Vodafone, Xiaomi, ZTE (ok with 3-2 if limited) 

· Alt3-2. Add sTRP in addition to multi-TRP, i.e. for CP-OFDM and UL DFT-SOFDM 

· Support (4): Ericsson (if pi/2 BPSK is excluded + some restriction), Qualcomm, Verizon (agree with Ericsson), vivo

Proponents of Alt3-1 (at least 33 companies) mainly argue based on the work scope and limited motivation of increasing the number of orthogonal ports for DFT-SOFDM (used for coverage-limited scenarios, not for high multiplexing gain). Two proponents of Alt3-1 acknowledge, however, that the additional spec work for Alt3-2 can be small depending on the solution. 

Three (out of four) proponents of Alt3-2 condition their supports on the exclusion of pi/2 BPSK and adding additional restrictions for DFT-SOFDM (originally proposed by Qualcomm):

· Multiplexing capability of CP-OFDM with DFT-S-OFDM is to be retained.

· The scope of enhancements is to be limited to extending the OCC and/or cyclic shift space, and it should exclude adding new root sequences or new tone mapping.

Given the overwhelming majority for Alt3-1 and that Alt3-1 is in fact a subset of Alt3-2 (thereby making Alt3-1 the common denominator between the two alternatives), fully taking into account the instruction on reducing the scope from the RAN Chairman, the moderator proposes that Alt3-1 be agreed as follows (no change compared to the moderator proposal for start of intermediate round):

Moderator Proposal on Objective 3:

Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,

· striving for a common design between DL and UL DMRS
· Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS
2.3
Question on Objectives 1, 4, 6, 7, and 8
Scope reduction (expansion not included) and wording refinement:

· On objective 1, two companies suggest to remove the second bullet. One company suggests to add clarification “considering time-domain information” to the first bullet. One proponent company suggests to narrow down CSI-RS to TRS only.

· On objective 4, one proponent company suggests to add two additional constraints to further focus the work and reduce the scope (ideal backhaul and synchronization, same number of ports across TRPs). One company suggests to remove the 2nd bullet. 

· On objective 6, one company suggests to include antenna structure/coherence assumption. Two companies suggest to clarify that TPMI (including codebook), SRI, and layer mapping enhancements are inevitably needed and hence should be captured to avoid ambiguities. Two companies suggest to narrow down the scope to >4 layers only (no spec change on <=4 layers). Two companies suggest 8Tx only, and one company coherent/partial-coherent CB-based prioritizing on CB-based.

· On objective 7, one company suggests to include restriction on the number of TX ports to 1+1 and 2+2 (note: moderator is not sure what these numbers refer to). One company suggests to remove “device type” from the note to avoid misunderstanding while two companies suggest to remove the note altogether (unclear if RAN1/4 can do so) but one company still prefers to keep this. One company suggests to restrict to one CW, and 3 combinations of channel types (PUSCHx2, PUCCHx2, and PUSCH/PUCCH)

· On objective 8, one company suggests to replace multiple with two, and remove the PC bullet since it is already covered in objective 2.
Down selection of objectives:

· Most companies are supportive of (fine with) keeping all the five objectives. Many have expressed that the objectives 1 and 4 have been sufficiently or aggressively trimmed.
· Two companies suggest to select only one of objectives 1 and 4, while a number of companies support to retain both. One company suggests to remove both. If 1 or 4 is to be selected, some companies prefer 1 while other 4.
· Two companies propose to remove objective 6. Two companies propose to remove objective 7. Four companies (one operator) propose to remove objective 8. 
· Other comments simply reiterate previously stated positions on “high” priority items without specific proposals to further trim the scope of such priorities. 

Furthermore, there are a number of suggestions to expand the scope (e.g. remove restrictions, add new components) of the five objectives which, unfortunately, are not aligned with the instruction received from the RAN Chairman. 

In short, the views on down selection of objectives are diverging. Meanwhile, some of the additional constraints on objective 1 and 4 (although many have expressed that these two have been very much trimmed) as well as 6/7/8 can be incorporated to further focus the scope and are likely agreeable. 

Therefore, the moderator proposes to refine the texts for objectives 1, 4, 7, and 8 as follows. The text for objective 6 is not refined since the suggestions are diverging and may not be agreeable to strong proponents of objective 6.

Moderator Proposal on Objective 1, 4, 7, and 8:
Objective 1:

Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS (including CSI-RS for tracking)
Objective 4:

Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:

· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
Objective 7:

Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, targeting FR2 and multi-TRP
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four and total number of codewords is up to two, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH one physical channel/signal type is transmitted across different two panels in a same CC.
· Feasibility of target device type and Tx configuration shall be identified as part of the study.

Objective 8:

Study, and if justified, specify the following 
· multiple two TAs for UL multi-DCI for multi-TRP operation 
· power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 7 scenarios.
3. Final Round Summary
The latest status of the text for objectives 1, 4, 6, 7, and 8 in intermediate round is as follows, where changes marks are kept. Discussion continued on them. 
Objective 1:

Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS (including CSI-RS for tracking)
Objective 4:

Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:

· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
Objective 6:

Study, and if justified, specify UL DMRS, SRS to enable 6 and 8 Tx UL operation to support more than 4 layers per UE in UL targeting CPE/ FWA/vehicle/Industrial devices

· Note: Potential restrictions on the scope of this objective will be identified as part of the study.

Objective 7:

Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, targeting FR2 and multi-TRP
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four and total number of codewords is up to two, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH one physical channel/signal type is transmitted across different two panels in a same CC.
· Feasibility of target device type and Tx configuration shall be identified as part of the study.

Objective 8:

Study, and if justified, specify the following 
· multiple two TAs for UL multi-DCI for multi-TRP operation 
· power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 7 scenarios.
3.1

Question on Objectives 1, 4, 7, and 8
Please share your views on any additional wording refinement and/or potential scope reduction (please, no proposal on scope expansion, following instruction from RAN Chairman) on the latest wording of objectives 1, 4, 7, and 8.

· Note: This doesn’t imply that objectives 1, 4, 7, and 8 are automatically included in the WID. The goal is to finalize the scope of each objective with sufficient clarity –to facilitate final decision whether or not to include them in the WID. 
3.2

Question on Objective 6
During the intermediate round, regarding objective 6, 

· Several proposals were made on wording and potential scope reduction for objective 6. Some examples include: 1) max number of layers = 4 vs 8; 2) 6Tx and 8Tx vs. 8Tx only; 3) CB-based + NCB -based vs CB-based only vs NCB-based only; 3) For CB-based, coherence assumption; 4) for >4 layers, reuse the existing DL CW-to-layer mapping 

· Several scope clarification proposals were made, including: 1) adding “SRI, TPMI (including codebook) enhancements”, 2) adding “CW-to-layer mapping enhancement”  
Please share your views on the above two issues.

· Note: This doesn’t imply that objective 6 is automatically included in the WID. The goal is to finalize the scope of each objective with sufficient clarity –to facilitate final decision whether or not to include them in the WID. 
3.3 
Summary
Summary of discussion on Objectives 1, 4, 7, and 8:

Further scope reduction (expansion not included), clarification, and wording refinement:

· On objective 1 and 4: The scope and text for objectives 1 and 4 are stable. One company suggests to remove 1st bullet from objective 1 and another the 2nd bullet from objective 4, if scope reduction is needed (but other proponents of objectives 1+4 prefer to keep the already extensively trimmed scoped as is). One company proposes to add another constraint to objective 4 “with no more than two distinct QCL sources”. One company comments that since TCI/QCL work is not in the scope, this is unnecessary. 

· On objective 7: Several companies suggest to clarify that the max total of 4 layers is across up to 2 panels and 2 TRPs to avoid confusion (aligned with the ‘no new codebook’ restriction). One company strongly suggests to add restriction “targeting CPE/ FWA/vehicle/Industrial devices” which seems to be agreeable by other (at least as a part of RAN4 goal). One company suggests to add one CW per PUSCH restriction (not clear if this is agreeable to strong proponents of objective 7)

· On objective 8, two companies suggest to remove the PC bullet since it is already covered in objective 2.
Regarding WID scope in relation to objectives 1, 4, 7, and 8, companies’ views are summarized as follows:
· Support including objectives 1, 4, 7, and 8 in WID: AT&T, CAICT, CEWiT, Ericsson, Fraunhofer IIS/HHI, Futurewei, H3C, Huawei/HiSi, Intel, LG, LG Uplus, NTT Docomo, OPPO, Samsung, Sharp, Telstra, Telecom Italia, Telia, Verizon, Xiaomi, ZTE

· Support including objectives 1, 4, and 7 in WID: CATT, China Unicom, KT Corp,  

· Support including objectives 4, 7, and 8 in WID: IDC, Qualcomm 

· Support including objectives 1, 4, and 8 in WID: Robert Bosch,  

· Support including objectives 1 and 7 in WID: DT
· Support including objectives 1 and 4 in WID: MediaTek, SKT, Spark, Spreadtrum 

· Support including objectives 7 and 8 in the WID: APT, NEC, Nokia/NSB, 

· Support including objective 1 in WID: Vodafone 

· Support including objective 4 in WID: CMCC 
· Objection to including objective 7 in the WID unless “targeting CPE/ FWA/vehicle/Industrial devices” is added: MediaTek
One company proposes further trimming on every objective (appreciated from moderator perspective (), which may not be acceptable at this point to most of the strong proponents of each of the objective.

It was also noted that some objectives share commonality in works hence the workload, if managed properly in WG level, is expected to be less

Given the large majority for including objectives 1, 4, 7, and 8 in the WID, the moderator proposes that objectives 1, 4, 7, and 8 (as described below) be included in the WID. Changes compared to the text at the start of final round discussion is highlighted by revision marks:

Objective 1:

Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
Objective 4:

Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:

· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
Objective 7:

Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/Industrial devices
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
Objective 8:

Study, and if justified, specify the following 
· two TAs for UL multi-DCI for multi-TRP operation 
· power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 7 scenarios.
Summary of discussion on Objective 6:

Scope reduction (expansion not included), clarification, and wording refinement on objective 6:

· Some companies propose to add clarification that SRI and TPMI (including codebook) enhancements need to be mentioned, and changing “more than 4” to “4 or/and more” without implying that all 6/8Tx UEs need to support such (this note is unnecessary since it is obvious from UE cap perspective). 

· Several companies propose to restrict the maximum number of layers to 4. It doesn’t seem agreeable to strong proponents of objective 6. 

· A number of companies propose to remove 6Tx to reduce scope. No company seems to raise concern on this proposal

· Regarding CB-based vs NCB-based, as well as the coherence assumption for CB-based, the view diverges and most companies prefer to support both. Companies support NCB-based only argue that this would avoid the massive amount of works for codebook design and coherence assumption. 
Regarding WID scope in relation to objective 6, companies’ views are summarized as follows:
· Support including objective 6 in WID: APT, AT&T, CEWiT, China Unicom, CMCC, H3C, Huawei/HiSi, Intel, Lenovo, LG Uplus, NEC, Nokia/NSB (can remove 6Tx), NTT Docomo, OPPO, Qualcomm, Samsung, Sharp, Sony, Spreadtrum, Telecom Italia, Vodafone, Xiaomi, ZTE

· Not support including objective 6 in WID without significant scope reduction from the current text: Ericsson (remove CB-based, remove 6Tx), Futurewei (remove 6Tx), IDC (remove 6Tx, remove CB-based)
Based on the majority view and some strong views to significantly reduce the scope, the moderator proposes that objective 6 (as described below) be included in the WID:

Objective 6:

Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices

· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.
4. Conclusion
Proposal 1: Agree on the moderator proposals from intermediate round for objective 2 and 3 to be included in the WID as below, considering that there are overwhelming majority (36 vs 3 for objective 2 and 33 vs 4 for objective 3), the instruction from RAN chairman to limit/reduce scope, and they representing the agreeable common ground (intersection between two views). 

Objective 2:

Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework

Objective 3:

Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,

· striving for a common design between DL and UL DMRS
· Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS
Proposal 2: Agree on the followings for objectives 1, 4, 6, 7, and 8 to be included in the WID. Note that the changes compared to the text at the start of final round are highlighted by revision marks. 

Objective 1:

Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
Objective 4:

Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:

· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
Objective 6:

Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices

· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.
Objective 7:

Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/Industrial devices
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
Objective 8:

Study, and if justified, specify the following 
· two TAs for UL multi-DCI for multi-TRP operation 
· power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 7 scenarios.


