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1. Introduction

The new WID [1] for NR MIMO in Rel-16 was agreed in RAN #80 meeting. The enhancement on multi-TRP and multi-panel transmission can be studied in Rel-16 from the following aspects:

· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:

· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission

· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI.
In RAN1#95 meeting, the principle for control channel design and the study aspects for multi-PDCCH design and URLLC enhancement were discussed both offline and online with the following agreements:
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 

· #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

· 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
In this contribution, we further discuss the design for multiple PDCCH and single PDCCH based non-coherent joint transmission and enhancement for URLLC with multiple TRPs/panels.
2. Multiple PDCCH based multi-TRP/panel DL transmission
2.1. Enhancements on multiple PDCCHs/PDSCHs transmission
· Priority of different PDCCH designs

In the past meeting, it was agreed that both multiple PDCCH and single PDCCH designs are supported in Rel-16. Multi-PDCCH based design can be applied with both non-ideal and ideal backhaul, while single PDCCH based design can only be applied for ideal backhaul. From specification aspect, multi-PDCCH based design can reuse most of the design in Rel-15 for each PDCCH/PDSCH. UE only needs to support detection of multiple PDCCH/PDSCH in one symbol (and corresponding beam management) and each PDSCH/PDCCH can follow the Rel-15 mechanism. Considering the robustness with different backhaul, specification effort and backward compatibility, it is preferred to specify multiple PDCCH design first in Rel-16 to guarantee that multi-TRP/panel DL transmission can work well in all target scenarios. Then single PDCCH design can be further studied for further optimization.
Proposal 1: Specify multiple PDCCH design first in Rel-16 for support of multi-TRP/panel transmission.
In Rel-15, on the number of PDCCHs/PDSCHs that can be detected by UEs, the following was agreed:

Agreements 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

In Rel-16, there is no further requirement from the WID, and the above agreement can be reused. However, since non-slot-based scheduling is also supported in Rel-15/16 and multiple PDCCHs/PDSCHs may be detected within one slot via multiple short PUSCHs, the wording of “in single slot” needs to be revised.
Since non-coherent JT is only expected to be beneficial for cell-edge UEs, high rank transmission (e.g. rank>5) is not a typical configuration for each of the multiple PDSCHs. Single codeword is sufficient for each PDSCH with at most 2 codewords transmission at a time. The maximal number of layers across all simultaneously scheduled PDSCHs can follow that of Rel-15, e.g.8, considering the number of total codewords.
Proposal 2: At most 2 PDSCHs and 2 CWs respectively scheduled by 2 PDCCHs can be simultaneously transmitted in one BWP.
Proposal 3: If a UE is simultaneously scheduled by multiple PDCCHs, only single CW transmission is supported for each scheduled PDSCH, and the total number of layers by all PDSCHs should not be larger than 8.

· Resource overlapping
For multiple PDCCH design, different PDSCHs are scheduled by different TRPs, and the physical resources for PDSCHs may be overlapped in time and/or frequency domain. If two simultaneously transmitted PDSCHs overlapped in frequency domain, there may be strong interference to each other in the overlapped resources since both PDSCHs are beamformed toward the same UEs. The performance of non-coherent JT can be improved if the collision can be avoided. With ideal backhaul, dynamic cooperation between TRPs can avoid frequency resource collision via dynamic scheduling. For non-ideal backhaul, semi-static resource coordination can be considered if the resources are sufficient. However, it is unclear that there is RAN1 specification impact for these mechanisms or it is just gNB implementation. In time domain, it is unnecessary to restrict that the PDSCHs should be fully overlapped in symbols, and different TRPs could configure different PDSCH mapping type and slot structure for flexibility.
Proposal 4: Study the mechanism to avoid frequency resource overlapping or reduce interference among simultaneously scheduled PDSCHs. 
· PDSCH configuration
For PDSCH scheduled by different TRPs, the PDSCH configuration could be different for flexibility or interference  mitigation. If the resource collision cannot be avoided via scheduling, different data scrambling for PDSCHs scheduled by different TRPs should be allowed to randomize the interference. Also, different TRPs can use different beams for PDSCH transmission, and configure different CSI-RS/SSB as QCL reference. Independent configuration of TCI sates for transmission from different TRPs should also be supported. Then it is beneficial to independently configure PDSCH-Config for PDSCHs from multiple TRPs. This can further provide additional flexibility since the PDSCH mapping type, slot structure, rate-matching resources, MCS table, PRB bundling and other PDSCH parameters can also be independently configured for each PDSCH.
Proposal 5: Support independent PDSCH configuration for PDSCHs scheduled by multiple TRPs.
· CORESET/search space configuration and blind detection
To support independent transmission of multiple PDCCHs from different TRPs, multiple CORESETs/search spaces each associated with one TRP can be configured for UE to respectively detect DCI in each CORESET/search space. The CORESETs for different TRPs can be configured with different resources and TCI states. Similar to proposal 2, at most 2 CORESETs can be independently configured for detection of simultaneously transmitted PDCCHs for non-coherent JT. Thus at least one more CORESET needs to be introduced in Rel-16 for transmission from another TRP.
Without any optimization, the maximal number of blind detection will be approximately doubled if one more CORESET is configured for data scheduling. However, since the additional CORESET will only be used to schedule data transmission without any system information or configuration information (e.g. RRC signaling), the blind detection times can be reduced by introducing some restriction on the associated search space. As an example, only part of aggregation levels and/or DCI formats needs to be scanned in the search space associated with the secondary TRP. For example, only DCI format 1_1 is expected to be configured in the search space of the secondary TRP to support non-coherent DL transmission. 
Proposal 6: One additional CORESET can be introduced to support PDCCHs transmitted by multiple TRPs.
Proposal 7: Study the mechanism to reduce the number of blind detection with multiple PDCCHs, e.g. restrict the aggregation level/DCI format associated with CORESET from one of the TRPs.
· DCI design

As a baseline, the DCIs scheduling PDSCH transmission can be independently transmitted by different TRPs. The DCI formats in Rel-15 should be reused as much as possible to reduce the specification effort and avoid backward compatibility issue. Dependent DCI may be further considered to reduce the possible blind detection, e.g. indicating the existence of another DCI.  However, since new DCI format/content needs to be introduced for dependent DCI, the benefits should be justified. Furthermore, with non-ideal backhaul, the scheduling information can’t be exchanged in time, and only independent DCI design can be supported. 
Proposal 8: Independent DCI for PDSCHs based on Rel-15 DCI format should be the baseline for DCI design. Dependent DCI can be further considered if the benefits are justified.
· PDCCH/PDSCH processing/receiving
Synchronization assumption is very important for non-coherent JT. If the PDSCHs transmitted from different TRPs are asynchronous, there will be many issues. Since UEs may only detect SSBs from one TRP, it is difficult for UEs to acquire the synchronization of another TRP. On the other hand, if UEs need to track multiple synchronization windows for multiple PDSCHs, the detection complexity would be increased by times. Supporting non-coherent JT with assumption of very low synchronization error among TRPs, e.g. several us, is reasonable and necessary. 
Proposal 9: It is assumed that multiple TRPs for non-coherent JT transmission are synchronous and the UE could receive PDSCHs from multiple TRPs within a CP with single/multiple FFT windows.
PDSCHs from different TRPs could be configured with different reference on spatial Rx parameter (QCL type-D). For a UE with single panel, it can only detect the PDSCHs with single Rx beam/QCL type-D assumption. Then which QCL type-D assumption should be used needs to be specified for the UE. Similar to the discussion in simultaneous transmission/reception topic in Rel-15, a priority can be defined for the simultaneously scheduled PDSCHs. The UE can adopt the TCI state and QCL type-D assumption of the PDSCH with higher priority. The priority can be defined based on the scheduling information of the PDSCHs, e.g. scheduling time, DCI format, TCI state, carried information etc. 
Proposal 10: Priority should be defined if PDSCHs from multiple TRPs with different TCI states are simultaneously scheduled for a single panel UE.
· HARQ processes
For PDSCHs transmitted from multiple TRPs carrying different data, different HARQ processes should be assigned. Then the number of HARQ processes needs to be extended by times to ensure sufficient retransmission. However, times of HARQ processes need more memory and potentially longer latency at UE side, which may not be supported by some UEs. Then it can be a UE capability and less PDSCH can be scheduled for a UE only supporting the same HARQ process number as Rel-15.
Proposal 11: Support more HARQ processes as a UE capability.
2.2. Potential enhancement on UL control signaling

· ACK/NACK feedback

With non-ideal backhaul, the information cannot be dynamically exchanged between TRPs, and separate A/N feedback should be supported for non-coherent JT. The A/N for one PDSCH should be reported to the corresponding TRP transmitting the PDSCH for HARQ retransmission. Typically, different ACK/NACK resources can be allocated to PDSCHs from different TRPs. If simultaneous transmission from multiple panels is supported at UE in Rel-16, the A/N reports for different PDSCHs can be transmitted in the same PUCCH resource by different beams and panels to further reduce the PUCCH resource overhead. These mechanisms can also be applied to ideal backhaul scenarios. 
With ideal backhaul, it is possible that all the A/N information for multiple PDSCHs is reported to one TRP (e.g. serving cell) via single PUCCH resource, which needs a new multiplexing mechanism for the A/N information. This can be implemented by TRPs via allocating the A/N information in the same PUCCH resource.
Proposal 12: Separate A/N feedback to corresponding PDSCH transmission point should be supported considering non-ideal backhaul scenarios.

Proposal 13: Joint A/N feedback can be further considered for ideal backhaul scenarios.
· CSI feedback

To support DL non-coherent JT, CSI of multiple TRPs/panels should be reported to gNB. Similar to multiple CSI processes to support CoMP transmission in LTE, multiple CSI report configurations can be configured to UE each of which is associated with one TRP. The CSI report configuration for one TRP includes the RS transmitted from that TRP for CSI measurement. Each TRP can respectively trigger the CSI report in different resources for its PDSCH transmission. If simultaneous transmission from multiple panels is supported at UE in Rel-16, CSI report for different TRPs can also be transmitted in the same resource via different panels. The beam report for each TRP can also be supported with this mechanism. Current CSI report mechanism can be reused as much as possible and only little specification effort is needed.

Since the CSI payload for one TRP is usually large, it is unnecessary to combine the CSI for different TRPs into one CSI report. With ideal backhaul, joint CSI reporting will not bring any benefits compared to separate CSI reporting but additional specification effort and possible performance loss. With non-ideal backhaul, joint CSI reporting will not work at all. 
Proposal 14: Support separate CSI reporting configurations/resources for different TRPs.

Proposal 15: Joint CSI reporting for different TRPs are not supported for non-coherent JT.

3. Single PDCCH based multi-TRP/panel DL transmission
3.1. Enhancement on PDCCH/PDSCH design
For single PDCCH based design, one DCI can schedule a PDSCH carrying data transmitted from different TRPs. Since there may be significant difference in channel quality for links between UE and different TRPs, it is beneficial that data from different TRPs occupies independent CW for accurate link adaptation. Then a new CW to layer mapping mechanism needs to be introduced to support a CW mapped to less than 4 layers. Since the number of DMRS port groups and transport blocks would reflect whether single or multiple TRPs are used for DL transmission, which CW to layer mapping mechanism (the Rel-15 one or the new one) should be used can be based on configured DMRS ports groups and TB number. 
Proposal 16: Study enhancement on CW to layer mapping for single PDCCH design.
3.2. Potential enhancement on reference signal
Some RS enhancements are needed to support single PDCCH based non-coherent JT. Firstly, multiple DMRS port groups should be defined for different TRPs. Accordingly, multiple DL PTRS ports should also be defined for each DMRS port group. The signaling to support configuration of multiple DMRS port groups, new DMRS port indication, TCI state for each DMRS port group, and PTRS port for each DMRS port group should be studied. The discussion and conclusion in Rel-15 can be a good starting point. It is not expected to introduce more than 2 DMRS port groups or more than 2 PTRS ports as agreed in Rel-15. Also, more DMRS ports than that in Rel-15 (e.g. >8 layers for one UE) is not expected either considering the limited time and unclear application scenarios.

Proposal 17: Study signaling for multiple DMRS port groups, e.g. DMRS grouping, DMRS port indication, TCI state indication, associated PTRS configuration for single PDCCH design.
4. Reliability/robustness enhancement for URLLC
4.1. Potential enhancement for PDSCH/PUSCH
To further improve reliability for URLLC, multiple TRPs/panels based diversity transmission can be introduced in Rel-16. Similar to non-coherent JT, at most 2 TRPs/panels can be assumed for diversity transmission of one TB at the same time considering UE complexity. Since diversity transmission and non-coherent JT with different data in the same slot can be supported by the same UE, the UE should know which type of transmission is scheduled currently. The HARQ process ID can be used to distinguish diversity and multiplexing transmission. If the same HARQ process ID is configured for PDSCHs scheduled in the same slot, the same TB can be assumed by the UE. Otherwise, different TBs can be assumed by the UE with independent HARQ processes. 
For DL and UL supporting simultaneous transmission from multiple panels, two PDSCHs/PUSCHs with the same TB can be scheduled in the same time resource, with each PDSCH/PUSCH transmitted by one TRP/panel. For UL, if simultaneous transmission from multiple panels is not supported in Rel-16, the PUSCHs with the same TB can only be scheduled in different time domain resource, e.g. with the same HARQ process ID. 
Proposal 18: Simultaneous DL transmission from at most 2 TRPs/panels is supported for diversity transmission of one TB.

Proposal 19: Support indication of diversity (the same TB) or multiplexing (different TBs) transmission via HARQ process ID.

4.2. Potential enhancement for PDCCH/PUCCH
For PDCCH/PUCCH, similar to data channel, at most 2 TRPs/panels can be supported for diversity transmission. For PDCCH, multiple DCIs with the same scheduling information can be transmitted in CORESETs associated with multiple TRPs to improve the reliability. No additonal specification effort is needed to support this mechanism if multiple CORESETs are introduced for multiple PDCCH based non-coherent JT. If UE detects multiple DCIs scheduling the same PDSCH/PUSCH, the UE would only detect/transmit the PDSCH/PUSCH once. 
For PUCCH, if simultaneous transmission from multiple panels is supported, the same UCI can be respectively transmitted from different panels with different beams at the same time. In this case, multiple spatial relation information should be configured for the PUCCH resource. If simultaneous transmission from multiple panels is not supported, times of PUCCH resources are needed for UCI repetition. It is unclear whether it is still justified, considering the reliability of PUCCH transmission is already very high compared to PUSCH, and repetition can only provide limited gain. 


Proposal 20: Simultaneous DL transmission from at most 2 TRPs/panels is supported for diversity transmission of PDCCH.

Proposal 21: Support diversity transmission of DCIs scheduling the same PDSCH.
5. Conclusion

In this contribution, we discuss the potential enhancements to support non-coherent joint transmission and URLLC. The proposals are summarized below:
Proposal 1: Specify multiple PDCCH design first in Rel-16 for support of multi-TRP/panel transmission.
Proposal 2: At most 2 PDSCHs and 2 CWs respectively scheduled by 2 PDCCHs can be simultaneously transmitted in one CC.

Proposal 3: If a UE is simultaneously scheduled by multiple PDCCHs, only single CW transmission is supported for each scheduled PDSCH, and the total number of layers by all PDSCHs should not be larger than 8.

Proposal 4: Study the mechanism to avoid frequency resource overlapping or reduce interference among simultaneously scheduled PDSCHs. 

Proposal 5: Support independent PDSCH configuration for PDSCHs scheduled by multiple TRPs.
Proposal 6: One additional CORESET can be introduced to support PDCCHs transmitted by multiple TRPs.

Proposal 7: Study the mechanism to reduce the number of blind detection with multiple PDCCHs, e.g. restrict the aggregation level/DCI format associated with CORESET from one of the TRPs.



Proposal 8: Independent DCI for PDSCHs based on Rel-15 DCI format should be the baseline for DCI design. Dependent DCI can be further considered if the benefits are justified.
Proposal 9: It is assumed that multiple TRPs for non-coherent JT transmission are synchronous and the UE could receive PDSCHs from multiple TRPs within a CP with single/multiple FFT windows.
Proposal 10: Priority should be defined if PDSCHs from multiple TRPs with different TCI states are simultaneously scheduled for a single panel UE.
Proposal 11: Support more HARQ processes as a UE capability.
Proposal 12: Separate A/N feedback to corresponding PDSCH transmission point should be supported considering non-ideal backhaul scenarios.

Proposal 13: Joint A/N feedback can be further considered for ideal backhaul scenarios.
Proposal 14: Support separate CSI reporting configurations/resources for different TRPs.

Proposal 15: Joint CSI reporting for different TRPs are not supported for non-coherent JT.

Proposal 16: Study enhancement on CW to layer mapping for single PDCCH design.
Proposal 17: Study signaling for multiple DMRS port groups, e.g. DMRS grouping, DMRS port indication, TCI state indication, associated PTRS configuration for single PDCCH design.
Proposal 18: Simultaneous DL transmission from at most 2 TRPs/panels is supported for diversity transmission of one TB.


Proposal 19: Support indication of diversity (the same TB) or multiplexing (different TBs) transmission via HARQ process ID.
Proposal 20: Simultaneous DL transmission from at most 2 TRPs/panels is supported for diversity transmission of PDCCH.


Proposal 21: Support diversity transmission of DCIs scheduling the same PDSCH.
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