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In this contribution we provide our views on enhancement for MIMO in R16 for multi-TRP/multi-panel operation. 
The approved WI for MIMO enhancement in R16 is as follows [1]: 
The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives are as follows. 

· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
· 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
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify NZP-CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
· Specify higher layer support of enhancements listed above [RAN2]
· Specify core requirements associated with the items specified by RAN1 [RAN4]


Multi-TRP/multi-panel operation was discussed as part of MIMO previously, although later RAN1 decided to focus on single TRP transmission for R15. We first summarize the relevant agreements reached in R15 for multi-TRP/multi-panel MIMO operation for convenience. They should form the basis for R16 multi-panel/multi-TRP discussion. 

2017 January NR ad hoc meeting: 

Agreements:
· Support NR downlink transmission of same NR-PDSCH data stream(s) from multiple TRPs at least with ideal backhaul, and different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul:
· Note: the case of supporting same NR-PDSCH data stream(s) may or may not have spec impact (to be further studied especially comparing performance/complexity relative to standard-transparent operation)
· Study how to perform resource scheduling especially with respect to whether to use one or more NR-PDCCH for a UE 
· Consider, e.g., backhaul conditions, UE complexity, feasibility of NR-PDCCH demodulation if from multiple TRPs, NR-PDCCH overhead, performance, etc.
· Study network coordination schemes with ideal & non-ideal backhaul links, considering 
· Fast CSI acquisition
· e.g. coordinated TRPs obtain CSIs through physical air interface
· e.g. SRS configuration exchanging between different TRPs
· Other techniques are not precluded

Agreements:
· Support DMRS ports grouping, and DMRS ports within one group are QCL-ed, and DMRS ports in different groups are non-QCLed.
· FFS the grouping principle, e.g. grouping DMRS according to CWs, analog beams, etc.
· FFS the signalling method of QCL indication, e.g., RRC, MAC CE, DCI, etc.
· Study RS for performing estimation of large scale properties of channel (E.g., Doppler shift/Doppler spread/delay spread)
· QCL supports following functionalities
· Beam management functionality: at least including spatial parameters
· Frequency/timing offset estimation functionality: at least including Doppler/delay parameters
· RRM management functionality: at least including average gain
· Others are not precluded

RAN1#88bis:
Agreements:
· Support NR reception of at least one but no more than two of the following 
· Single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier
· Note that: this is intended to have spec impact
· Single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier
· Multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier 
· In case of multiple NR-PDCCH, consider the following for the reduction of  UE PDCCH detection complexity. 
· Note the following may or may not have RAN1 specification impact. 
· Note that different NR-PDSCH data layers from single TRP is special case.
· The alignment of PDCCH generation rules among TRPs, e.g. one identical control resource set across TRPs
· Signalling the maximum number of multiple NR-PDCCH reception via L1 and/or high layer signalling
· Other techniques can be considered. 

RAN1#89
Agreements:
· 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:
· 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


2017 NR adhoc#2

Agreements:
· The maximum supported number of unicast and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
· FFS in case of two or more bandwidth parts for the component carrier
· FFS the max number of corresponding NR-PDCCHs

Agreements:
· Send LS to RAN2 (cc RAN3) to inform about RAN1 agreement from RAN1#89 on the support of multiple PDSCHs transmission to the UE to support NC-JT operation
· Include in the LS the following content 
· RAN1 agreement from RAN1#89
· RAN1 is considering different scenarios including TRPs connected with ideal and non-ideal backhaul link, TRPs with same and different cell IDs, etc. to provide an increased throughput for users covered by different TRPs, and greater radio link reliability through dual connectivity-like operation
· RAN1 thinks that the above agreement may have impact on RAN2 specification
· Actions: RAN1 asks RAN2 to take into account the above agreement in RAN2’s work and provide any information that may be relevant for future RAN1’s work on this topic

#90
Agreements:
· 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

2 Discussion

We analyze and compare different transmission schemes for multi-TRP/multi-panel/multi-beam DL and UL schemes analogous to LTE CoMP [2]. 

2.1 DPS/DPB
For dynamic point selection and dynamic point blanking, a UE is required to estimate the channels from multiple potential serving TRPs or panels and interferences from others. This can be done by configuring a UE to perform CSI measurement and report with the CSI-RS resource for channel measurement corresponding to the candidate serving TRP/panel and the CSI-IM and/or NZP-CSI-RS resource for interference measurement corresponding to the other TRPs/panels. For FR2, additional QCL configurations will be required for these CSI-RS resources corresponding to their transmission TRPs or panels. Based on the multiple CSI reports from the same UE corresponding to different transmission hypothesis,  gNB may decide which TRP or panel to use for transmission to the UE and which TRPs or panels to mute (blank). The gNB indicates to the UE the transmitting TRP or panel using the TCI field, and which DMRS scrambling sequence to use if nSCID is defined for the UE. This mechanism is already supported in R15 NR MIMO through the CSI feedback scheme, and no additional standardization work is required. 

Observation 1: R15 NR MIMO already provides sufficient support for DPS and DPB for multi-TRP/multi-panel operation.
Proposal 1: Do not specify further enhancement mechanisms for DPS and DPB for multi-TRP/multi-panel operation.

2.2 Coordinated scheduling (CS)
	When coordinated scheduling from multiple TRPs or multiple panels to multiple UEs, gNB(s) needs to estimate the mutual interference between two or more concurrent DL transmissions in the same resource, each from a TRP to a UE. With R15 spec, gNB may configure UE to measure and feedback multiple CSI reports corresponding to different potential DL transmission configurations. The CSI-RS resource for CSI measurement is configured for the source TRP or source panel with the appropriate beam (FR2), and NZP-CSI-RS resource for interference measurements are configured for the neighboring TRPs or panels to emulate the interference caused by the concurrent transmissions to the other UE(s). Based on the multiple CSI reports it receives from a UE or UEs, gNB may determine the best concurrent transmission configurations for DL transmission to multiple UEs. Therefore we conclude that the operation is basic mechanism for CS is already supported in R15 MIMO.
Observation 2: R15 NR MIMO already provides basic support for CS.
However, as NR is likely to be deployed in higher frequencies than LTE, TRP density may be much higher than 4G networks. Deployment of TRPs with multiple panels and multiple beams will make the interference situation much more complicated. The possible number of transmission/interference combinations that need to be evaluated rises sharply with the density of TRP/panels/beams visible to a UE, and it may not be efficient or possible to configure the required CSI processes to evaluate all of them. Some enhancement may be needed to reduce the CSI measurement and feedback overhead for dense deployment. Therefore we propose to further study mechanism to enhance CSI feedback for multi-TRP/multi-panel CS operation.
Proposal 2: Enhancement to CSI feedback for multi-TRP/multi-panel CS operation for dense deployment scenario is FFS.

2.3 Joint transmission (JT)

This is the case when multiple TRPs or multiple panels transmit concurrently to a same UE. 
In R15, coherent transmission from multiple panels at the same TRP is supported through type 1 multi-panel codebook. This requires all the panels to have the same orientations and they are transmitted using the same TX beam (for FR2). When these conditions are not met, these non-coherent panels can be treated similarly to multiple, non-coherent TRPs. Solutions for multi-TRP JT can be applied to multi-panel JT with minimal change. Without further justification, there is little need to distinguish the two types of JTs. 
When the same PDSCH data streams are transmitted from multiple TRPs with ideal backhaul or multiple panels of a TRP to a UE, coherency between the TRPs is irrelevant. This is because even the transmitters at the multiple TRPs are coherent, their transmissions to the UE are sent through different channels and are subject to different phase distortions in the atmosphere and the channel (turbulence, reflection, etc). What the UE receiver receives is multiple separate and non-coherently combined channels. However, the transmission to the same UE using multiple TRPs or multiple panels can be done similarly to SFN. This only requires the multi-path delays from multiple transmitting TRPs fall within the CP length. A single CSI-RS resource can be transmitted simultaneously from multiple TRPs, and UE can estimate this composite channel from the CSI-RS and provides CSI feedback. Diversity transmission from multiple TRPs can be achieved in a transparent manner. The single PDCCH scheduling the PDSCH can be transmitted from one of the TRPs/panels, or jointly from multiple TRPs/panels. Since PDCCH and PDSCH are transmitted using different antenna ports, this does not cause any confusion for the UE. All these features are already supported in R15 MIMO, at least in FR1. 
Observation 3: Joint transmission where single PDCCH schedules a single PDSCH, and the same data streams are transmitted from multiple TRPs or multiple panels to a same UE is can be supported in a spec transparent way, at least in FR1.  
Proposal 3: Study of JT from multiple TRPs or multiple panels in R16 should focus on transmission of separate data streams from different TRPs or different panels, i.e. NC-JT.
	Two cases have been agreed during study of NR R15: 
· 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. 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.

The case where a single PDCCH schedules a single PDSCH where different layers are transmitted from different TRPs is very similar to LTE NC-JT, so much of the design can be borrowed from LTE. Because the maximal number of CWs of a PDSCH is 2, the number of TRPs or panels transmitting the data streams should be 2, one for each CW. In this case, the TCI state needs to indicate not one, but two set of QCL assumptions. The concept of DMRS groups should be applied, where each group associated with a CW is considered as QCL. For the single PDCCH scheduling the PDSCH, the DCI formats can be considered, including single DCI for both CWs, or 2 separate DCI one for each CW. To accommodate different ranks and rank combinations for the two TRPs/panels, the CW to layer mapping rule of R15 needs to be extended. Therefore for NC-JT when a single PDSCH is scheduled by a single PDCCH, DCI format, TCI indication, and CW to layer mapping need to be studied. 

Proposal 4: For NC-JT where a PDCCH schedules a single PDSCH, DCI format, TCI indication and CW to layer mapping need to be studied.   

It has been agreed that 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. If a UE receives two such PDCCHs scheduling two PDSCH overlapping in time, each carrying two CWs of a transmitted from two TRPs, it may exceed the UE capability. The number of PDCCH scheduling NC-JT PDSCHs overlapping in time should be further studied

Proposal 5: When a PDCCH schedules a NC-JT PDSCH with different data streams sent from different TRPs/panels, the maximal number of PDCCH scheduling NC-JT PDSCHs overlapping in time is FFS. 

When 2 PDCCHs each scheduling a PDSCH for a UE in a single slot in the same BWP of a carrier, each PDSCH is transmitted from a single TRP. To simplify the study, we should only study the case where the two PDSCHs either completely overlap or completely disjoint. The completely non-overlapping case does not require simultaneous reception from multiple TRPs or multiple panels, and is already supported in Release 15 transmission using minislot. The R16 MIMO should focus on the case where two PDSCHs transmitted from two separate TRPs or panels completely overlap in time and frequency resource scheduled by two PDCCHs. 

Proposal 6: When two PDCCH schedules two PDSCHs transmitted from different TRPs or different panels, R16 should focus the case where they completely overlap in time and frequency resources. 

2.4 UL transmission

For a UE with a single antenna panel, transmission to multiple TRPs can be made transparent to the UE. Both codebook and non-codebook based UL transmission scheme defined in R15 UL MIMO can be reused based on the current SRS design. The gNB estimates the UL channel from the UE to one or multiple receiving TRPs based on SRS resources. A single transmission of a SRS resource can allow multiple TRPs to estimate the channel quality. SRI can still be used in DCI format 0_1 for PUSCH transmission. Study of UL transmission in R16 should focus on UEs with multiple antenna panels. In a typical UE form factor such as smart phone, a UE may have two antenna panels facing opposite directions. UE with two antenna panels should be given higher priority. For other form factors such as automobiles which have less constraint on space, power or cost, it is possible to have more than 2 panels. The solution developed for 2 UE panels should be extensible to the case of more than 2 panels.

Proposal 7: Study of multi-panel/multi-TRP transmission in the UL should focus on UEs with 2 antenna panels, with possible extension to more panels.

3 Conclusion

We have analyzed potential DL and UL transmission schemes involving multiple TRP or multiple antenna panels at the TRP and the UE side. Our observations and proposals are summarized as below.

Observation 1: R15 NR MIMO already provides sufficient support for DPS and DPB for multi-TRP/multi-panel operation.
Observation 2: R15 NR MIMO already provides basic support for CS.
Observation 3: Joint transmission where single PDCCH schedules a single PDSCH, and the same data streams are transmitted from multiple TRPs or multiple panels to a same UE is can be supported in a spec transparent way, at least in FR1.  

Proposal 1: Do not specify further enhancement mechanisms for DPS and DPB for multi-TRP/multi-panel operation.
Proposal 2: Enhancement to CSI feedback for multi-TRP/multi-panel CS operation for dense deployment scenario is FFS.
Proposal 3: Study of JT from multiple TRPs or multiple panels in R16 should focus on transmission of separate data streams from different TRPs or different panels, i.e. NC-JT.
Proposal 4: For NC-JT where a PDCCH schedules a single PDSCH, DCI format, TCI indication and CW to layer mapping need to be studied.   

Proposal 5: When a PDCCH schedules a NC-JT PDSCH with different data streams sent from different TRPs/panels, the maximal number of PDCCH scheduling NC-JT PDSCHs overlapping in time is FFS. 

Proposal 6: When two PDCCH schedules two PDSCHs each transmitted from different TRPs or different panels, R16 should focus the case where they completely overlap in time and frequency resources. 
Proposal 7: Study of multi-panel/multi-TRP transmission in the UL should focus on UEs with 2 antenna panels, with possible extension to more than 2 panels.

References
[1] [bookmark: _Ref523924562][bookmark: _Ref477447693]3GPP RP-181453, WI Proposal on NR MIMO Enhancements. 
[2] [bookmark: _Ref525744507]3GPP TS 36.213, E-UTRA physical layer procedures.



