[bookmark: OLE_LINK25][bookmark: OLE_LINK24][bookmark: OLE_LINK13][bookmark: OLE_LINK33][bookmark: OLE_LINK12][bookmark: OLE_LINK34]3GPP TSG RAN WG1 Meeting #94                                        R1-1808202                                                                       
Gothenburg, Sweden, August 20th-24th, 2018

Source:         ZTE
Title:            Enhancements on multi-TRP transmission and reception
Agenda item:    7.1.2.5
Document for:	Discussion and Decision
Introduction
In NR phase I, there were some discussions and agreements on multiple TRP/panel/beam transmission. However, those agreements are not captured in Rel-15 specifications because of scope reducing in RAN#76 meeting.  
In RAN1#93 meeting, it was agreed that Rel-15 agreements of supporting multi-TRPs/panels/beams related to e.g. DMRS/PTRS/TCI states can be a starting point for future discussions. In RAN#80 meeting, NR phase II WI was agreed, and multiple TRP/panel/beam transmission and reception will be discussed in Rel-16. 
Here, we list previous agreements to make discussion clearer.
· For PDCCH
Agreements#1 in RAN1#89:
· Adopt the following for NR reception:
· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 
· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Note: CSI feedback details for the above case can be discussed separately
Agreements#2 in RAN1#89:
· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:
· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4
· To be decided next meeting
· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH
Agreements#3 in RAN1#90:
· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
· FFS the case of multiple BWPs for the component carrier if supported
· (Working assumption) In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs
· For multiple NR-PDCCH reception for scheduled NR-PDSCHs:
· FFS whether or not there is any impact on # of HARQ processes and/or soft buffer management
· FFS the mapping between PUCCH conveying ACK/NACK signalling and PDSCH
· Note: this topic is more suitable for discussion under scheduling/HARQ session
· For CSI-RS
Agreements#4 in RAN1#89:
· PDSCH DMRS ports in a PDSCH DMRS group per [bundled PRB] in CC are implicitly assumed QCLed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters). 
· PTRS port and PDSCH DMRS port can be assumed QCL 
· w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters (e.g. PTRS and PDSCH DMRS sharing the same beam)
· w.r.t Doppler spread, Doppler shift  (e.g. PTRS and PDSCH DMRS sharing the same RF chain)
· FFS impact due to configurable association between PTRS port and PDSCH DM-RS port (if supported)
· CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions
· QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters
· Not QCL’ed (e.g. for beam selection based on beamformed CSI-RS codebook)
· FFS whether some parameters can still be QCL’ed
· For DMRS
Agreements#5 in NR adhoc#2 in June 2017:
· For QCL, NR supports:
· At least one or two DM-RS antenna port groups per PDSCH 
· FFS other number of groups
· QCL assumption across carriers and bandwidth parts for DL
· FFS details for indication, the applicable RS(s), the applicable QCL parameters, and configurability
· FFS whether or not to have UE assisted management
Agreements#6 in RAN1#90:
· Support the QCL indication of DM-RS for PDSCH via DCI signaling:
· The N-bit indicator field in the agreed WF R1-1714885 is extended to support:
· Each state refers to one or two RS sets, which indicates a QCL relationship for one or two DMRS port group (s), respectively
· Each RS set refers to one or more RS(s) which are QCLed with DM-RS ports within corresponding DM-RS group
· Note: The RSs within a RS set may be of different types
· If there are more than one RS per RS set, each of them may be associated with different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with other QCL parameters, etc
· Configuration of RS set for each state can be done via higher layer signaling
· E.g., RRC/RRC + MAC CE
· FFS the timing when the QCL is applied relative to the time of the QCL indication
· For PTRS
[bookmark: _Hlk498351071]Agreements#7 in RAN1#91:
· The number of DL PTRS ports is higher layer configured per TCI state for PDSCH transmission in the higher layer parameter DL-PT-RS-ports
· If the number of DL PTRS ports associated to the TCI in DCI is 2,  the number of PTRS ports is 2, and the each PT-RS is associated with the corresponding DMRS port group, and UE does not expect to be scheduled with one DMRS port group and such TCI state
· If the number of DL PTRS ports associated to the TCI in DCI is 1,  the number of PTRS port is 1, the phase tracking association follow the previous agreements
· If one PTRS port is transmitted and the scheduled DMRS ports are from two DMRS port groups, UE may utilize the PTRS port for phase tracking for PDSCH layers corresponding to DMRS ports in the  two DMRS port groups (i.e., the PTRS port is shared among the two DMRS port groups)
· For 2-symbol non-slot scheduling, PTRS is not transmitted/received if the time domain density is smaller than 1 when configured present
· For 4-symbol non-slot scheduling, PTRS is not transmitted/received if the time domain density is equal to ¼ when configured present
· If the last N MCS entries are reserved (no coding rate or modulation order or TBS is given), where N is 3 for MCS table with up to 64QAM  and N is 4 for MCS table with up to 256QAM, support the following
· For adaptive retransmissions, when the scheduled MCS > V, where V = 28 for MCS table with up to 64QAM and V = 27 for MCS table with up  to 256QAM, the time-density of PTRS is determined based on the MCS of initial transmission, which is smaller than or equal to V
Agreements#8 in RAN1#91
· A DL PTRS port and the DL DMRS port(s) within the associated DL DMRS port group are QCLed w.r.t {delay spread, Doppler spread, Doppler shift, average delay, spatial Rx parameters}
· If one DL PTRS port is transmitted for two scheduled DL DMRS port groups, the PTRS port and the DMRS port(s) which are not in the associated DMRS port group are QCLed w.r.t. {Doppler spread, Doppler shift} and FFS: spatial QCL parameters
 In this contribution, we provide our views for multiple-TRP/panel/beam transmission and reception.
Discussion
Rel-15 agreements related to multi-TRP transmission
As described in the agreements#1 in the section 1 for DL multi-TRP transmission, the two cases were introduced. Case 1 is for multi-TRP transmission without ideal backhaul, multiple independent PDCCHs each scheduling one respective PDSCH were agreed, where each PDSCH and corresponding PDCCH are transmitted from a separate TRP. Separate scheduling of multiple TRP doesn’t need dynamic communication and more suitable for scenarios with non-ideal backhaul. 
Case 2 is for multi-TRP transmission with ideal backhaul, or for multi-panel transmission from the same TRP. Single PDCCH schedules single PDSCH with multiple DMRS groups which are transmitted from multiple TRPs or panels. In this case, TCI configured for PDSCH should have two RS sets corresponding to multiple different QCL assumptions corresponding to different TRP/panel. 
Since both above two cases were agreed and still reasonable to support in NR phase II, we propose to confirm them.
Proposal 1: Confirm support of the following two cases:
· Single PDCCH schedules single PDSCH where separate layers are transmitted from separate TRPs/panels.
· Multiple PDCCHs each scheduling a respective PDSCH where each PDSCH is transmitted from a separate TRP 
Because of limited discussion time and UE complexity in NR phase I, maximum two TRP coordination was agreed, and two DMRS groups, two PTRS ports were captured in the specification for a while. Significant time was spent on the discussion in Rel-15. To avoid redundant discussion and wasting the effort in the past, it is more desirable to continue the discussion for enhancements based on the agreements made in Rel-15. So we propose to make all the related Rel-15 agreements as working assumptions for NR Phase 2 enhancements.  
Proposal 2: Rel-15 agreements related to multi-TPR/panels are working assumptions for Rel-16 enhancements. 
Potential enhancements
Based on Rel-15 agreements as working assumptions, the following potential enhancements can be studied and considered:
1. Downlink control signaling enhancements
· Alternatives DCI design for multi-TRP including single DCI, Multi-level DCI, multiple single-level DCIs can be considered.  Single DCI should be supported with single indicated TCI state with multiple RS sets as agreed in Agreement#6.  Multi-level DCI with some dependency between different levels can be considered. Multiple single-level DCIs tend to be more independent and more suitable for non-ideal backhaul case.  Changes may be needed on DCI information related to multi-TRP including codeword to layer mapping, DMRS information, QCL information and resource allocation. 
· For the case with multiple PDCCHs each scheduling a respective PDSCH, it is better to keep orthogonality among multiple PDCCHs from different TRPs in order to reduce inter-cell interference since the PDCCH BLER should be much lower than PDSCH. Some kind of semi-static coordination among TRPs can be considered.
· For the case with single PDCCH scheduling multiple DMRS groups, how to determine the QCL assumptions should be studied when the time offset between DCI and the corresponding PDSCH is smaller than the threshold Threshold-Sched-Offset. 
· Codeword/CBG to layer mapping different from single-TPR and associated control signaling changes can be considered. 
2. RS enhancements
· DMRS: Multiple DMRS port groups with different QCL should be supported with 2 groups as working assumption.  Enhancement with more than 2 groups can be considered.  For the case with multiple PDCCHs each scheduling a respective PDSCH, semi-static coordination among coordinating TRPs is needed in order to allocate different DMRS ports for scheduled PDSCHs if those PDSCHs are overlapping. For the case with single PDCCCH scheduling multiple DMRS groups, the DMRS table should be re-designed in order to map DMRS ports of different DMRS groups on different CDM groups. 
· PTRS: Two PTRS ports should be confirmed at least for the case with single PDCCCH scheduling multiple DMRS groups.
· CSI-RS: For beamformed CSI-RS based CSI feedback including non-PMI feedback and Type II port selection codebook, multiple beams from multi-panel/TRP with different QCL assumptions should be considered for one CSI-RS resource to achieve higher flexibility and more accurate CSI feedback as shown in agreements#4 in the section 1.
3. Uplink control signaling feedback
· For multi-TRP transmission with non-ideal backhaul, some constraints on UCI feedback should be considered. E.g. A/N and CSI feedback for different TRPs should be TDMed to avoid introducing power control issues. In this case, semi-statically communication among coordinated TRPs is needed. 
· For multi-TRP/panel transmission with ideal backhaul, some enhancements on CSI feedback can be considered. E.g. one CSI-RS resource is configured with two beams, one aggregated CQI is reported to aligned with multiple DMRS group scheduling, CSI based on different codeword-layer mapping assumptions, etc.
· Enhancement on beam reporting considering simultaneous transmission/reception can be considered as mentioned in our companion contribution [2].
4. Multi-panel uplink transmission 
· For UL, multi-beam transmission is supported for non-codebook based transmission in NR phase I since higher layer parameter spatialRelationInfo is configured per each one-port SRS resource. However, simultaneous multi-beam transmission cannot be supported for UL codebook based transmission even UE has multiple panels. To align with DL, we propose to specify UL multiple beam transmission for codebook based.
· It is hard to share the same set of panels dynamically among multi-TRP for non-ideal backhaul scenario. Some kind of semi-static panel to TRP association can be beneficial in such scenario.  As mentioned in [2], rules of simultaneous transmission can be changed for multi-panel transmission.

Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views to enhance multiple TRP/panel/beam transmission for both DL and UL. 
Proposal 1: Confirm support of the following two cases:
· Single PDCCH schedules single PDSCH where separate layers are transmitted from separate TRPs/panels.
· Multiple PDCCHs each scheduling a respective PDSCH where each PDSCH is transmitted from a separate TRP 
Proposal 2: Rel-15 agreements related to multi-TPR/panels are working assumptions for Rel-16 enhancements. 
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