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Introduction
A WI on MIMO enhancements for NR is recently approved [1] where one of the objectives is to support multi-TRP/multi-panel transmission. Specifically the objective is described as:
· 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 this contribution, we provide our high-level views on the topics where we seek enhancements in Rel-16.
UE hardware considerations
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Figure 1: High-level data-flow diagram at the UE
Figure 1 provides an overview of Tx/Rx data-flow at the UE. The baseband portion can be considered to be applicable to both FR1 and FR2. In terms of downlink reception at the UE, an objective of multi-TRP enhancement is to allow all Rx antennas (Ant#0-3 in Figure 1) to receive transmission from either TRP#0 or TRP#1 or both (NC-JT). This is valid for both FR1 and FR2. We propose to consider single FFT window implementation in the downlink Rx chain as a baseline UE implementation. Accordingly, for FR1 we can observe:
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         (1)

In the case of FR2, where beam and/or panel switching may be involved and the same switching point is applicable to all CCs and Rx antennas, we have
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where beam_switching_time is the set of time-samples that are lost (or low energy) when the analog beam is changing direction at the gNB/UE (can change from symbol to symbol). Practically this is 10s of ns, so very much < CP. An implication of eqns. (1) and (2) is that the TRPs involved in NC-JT transmission should have tight synchronization requirements for both ideal and non-ideal backhaul.
Proposal 1: Consider single FFT window implementation in the downlink Rx chain as a baseline UE implementation. Accordingly the TRPs involved in NC-JT transmission should have tight synchronization for both ideal and non-ideal backhaul (both FR1 and FR2). Also BWPs across the multiple TRPs is expected to be aligned for NC-JT transmissions.
Single DCI and multiple DCI options
A single DCI option can be broadly defined as the case of a single PDSCH transmitted by multiple TRPs/panels and is allocated by a single DCI. Specifically it is applicable in a single TRP multi-panel scenario, where all information can be included in one DCI. A multiple DCI option can be defined as the case of multiple PDSCHs transmitted to a UE in the same slot (potentially overlapping time-frequency resource) where each PDSCH is transmitted from a TRP and is associated with a distinct DCI. It is natural to consider that a multi-DCI option can be supported with a signalling framework similar to DC (although in this case tight synchronisation among the TRPs is desired as indicated above). Therefore it is expected that the coordinating TRPs negotiate on the sharing of UE capability and resources and it is not exceeded. This includes the maximum number of HARQ processes, TBs, layers, CORESETs, TCIs, search spaces etc.  
	Definition
	Positive
	Negative

	Single DCI option
	Entire UE hardware resource (all CORESETs, search spaces, BD attempts, HARQ processes) is available for scheduling

Multiple TRP transmitting same DCI is a use-case for improvement in PDCCH reliability (this is URLLC use-case and may also be applicable to single TRP)
Can be introduced while minimizing UE hardware changes from Rel-15 implementation
	Limited to ideal backhaul scenario or same TRP multi-panel scenario

	Multiple DCI option (multiple PDSCH received in a slot, each associated with a DCI) 
	Applicable to both ideal and non-ideal backhaul
	Each DCI/PDSCH can access a fraction of the UE hardware resource that limits scheduling flexibility at the NW for non-ideal backhaul scenario
Generally would result in more significant UE hardware changes from Rel-15 implementation due to multi-TB, multi-HARQ processing

	
	
	


Proposal 2: Consider single DCI option and multiple DCI option for multi-TRP enhancements in Rel-16.
CORESETS/PDCCH
In this section we assume that the PDCCH transmission scheme is unchanged from NR Rel-15 (single port transmission). 
Non-URLLC use cases:  Several use cases can be envisioned here, that increases PDCCH transmission opportunities to a UE: 
(i)      reception of multiple PDSCH-DCIs from multiple TRPs in the same slot 
(ii) reception of a single PDSCH-DCI from one of multiple TRPs (dynamic point selection)

(iii) reception of a single PDSCH-DCI from multiple TRPs (transparent to UE using SFN transmission).
For the use-cases above, the ability of configuring multiple CORESETs to a UE in a FDM fashion that is already possible in Rel-15 can be leveraged. We note that the PDCCH monitoring resources may be non-overlapping or may partially or fully overlap with each other. In addition, we note that in Rel-15 the number of CORESETs that are allowed to be configured within the same BWP is limited to 3 which may be restrictive in terms of scheduling flexibility at the NW. On the other hand, simply increasing the number of configurable CORESETs per BWP will significantly increase the processing burden at the UE side. We propose RAN1 study mechanisms that allows a UE to monitor more CORESETs within a slot that allows scheduling flexibility at the NW while limiting the worst-case and the typical UE PDCCH monitoring complexity.
Proposal 3: The ability to configure 3 CORESETs per BWP with multi-TRP operation could be limiting. We propose to study mechanisms that allow the UE to monitor more CORESETs within a slot while studying options for containing the worst-case and the typical UE PDCCH monitoring complexity.
URLLC use case: The motivation here is to increase the reliability of a PDCCH reception by potentially combining received PDCCH across multiple transmissions from the same or different TRPs. In this case we can consider the individual PDCCH monitoring resources as orthogonal. Although some related discussions occurred in Rel-15 this issue can be considered in the light of multi-TRP transmission in this WI.
Proposal 4: In order to increase PDCCH reception reliability (by potentially combining received PDCCH across multiple transmissions) consider solutions in the light of multi-TRP transmission in this WI.
PDSCH
The following use-cases can be considered relevant to this WI:

(i)    Single DCI use case: Different layers of the same TB is transmitted from different TRPs. Scheduling information is assumed to be present at both the TRPs. We do not envision change in UE behavior related to PDSCH reception (except RS related modifications considered separately).
(ii) Multi-DCI use case: Different TBs are transmitted from different TRPs. In this case scheduling information need not be present at both TRPs. 
(iii) URLLC use case: Same TB transmitted from different TRPs in orthogonal resources. The motivation is to increase reliability by combining across different transmission instances. Specification changes may be related to repetition level – this issue may be considered under NR URLLC SI
In this section we focus on the (ii) multi-DCI use case. In general for multi-DCI use case a signalling framework (TRP to UE signalling as well as TRP to TRP signalling) similar to DC can be considered. One key consideration is the processing time requirements for NC-JT PDSCHs allocated by multiple DCIs. Multi-TB, multi-HARQ processing as well as receive processing dependency on PDSCHs allocated by multiple DCIs should be considered for the processing time requirements of NC-JT.
Proposal 5: for the case of multi-DCI PDSCH, processing time requirements may be studied due to multi-TB, multi-HARQ processing as well as  receive processing dependency on other PDSCHs.
CSI
A UE with capability to receive downlink transmission from multiple panels simultaneously is expected to receive better throughput. In order to fully utilize the potential of multiple panels a gNB has to be aware that transmission on Tx beam-1 and Tx-beam-2 can be simultaneously received at the UE. This issue has already been considered in group based beam reporting of L1-RSRP in Rel-15. We note, however, that a UE equipped with multiple panels can often receive the same Tx-beam-1 on both panels with reasonable power. This information can be beneficial to the NW in order to determine whether to schedule a UE on one Tx beam or multiple Tx beam. Therefore we propose:

Proposal 6: A UE equipped with multiple panels can often receive the same Tx-beam on both panels with reasonable power. This information can be beneficial to the NW and can be considered for L1-RSRP feedback (not applicable for FR1)
In order to optimize CSI feedback for scheduling NC-JT transmission, it is natural to study multiple rank/PMI feedback from a UE corresponding to each TRP. This can improve accuracy since a UE is able to consider inter-TRP interference for CSI computation. In case of multiple PDSCH NC-JT transmission, multiple CQIs can also be considered.
Proposal 7: CSI feedback of multiple ranks, PMIs and potentially multiple CQIs can be studied for improving gains due to NC-JT transmission 
Uplink 
In the case of ideal backhaul where it can be assumed that the coordinating TRPs are able to communicate with zero latency, UCI (e.g. ACK/NACK, CSI feedback) for all coordinating TRPs (cells) can be transmitted in the UL resource of one cell. 
In the case of non-ideal backhaul where it cannot be assumed that the coordinating TRPs are able to communicate with acceptable latency, it is natural to consider that UCI for a TRP (cell) is transmitted in the UL resource of the same TRP (cell). The UL resources associated with the coordinating TRPs (cells) can be TDM-ed. A straightforward approach is to allow separate configurations of UL channels are signals (e.g., PUSCH, PUCCH, DM RS, SRS, etc) for each serving TRP (cell).

Proposal 8: In the case of non-ideal backhaul, sharing UCI within the set of coordinating TRPs may not be possible within an acceptable delay. In order to support multi-TRP deployments clarification on a high-level approach (e.g. UCI TDM-ed for different cells) is needed although it may not have significant impact to RAN1 specifications.
RS and QCL
DMRS

For multi-TRP operation, the UE may receive downlink DM-RS from multiple TRPs simultaneously. For operation in multi-TRP mode, the UE may receive a single DCI i.e., a single PDSCH from multiple TRPs or receive multiple DCIs from multiple TRPs. Therefore DMRS signalling design should account for both these use cases such that UE can efficiently estimate the channel.

Furthermore, to effectively signal DMRS ports to the UE, DMRS port groups should be defined such that ports within a DMRS port group share QCL properties. DMRS port groups can be semi-statically or dynamically configured. Ports from the same CDM group can be part of the same DMRS port group. An UE can be dynamically indicated with the assigned DMRS port groups through DCI based signalling.
For multi-TRP support, DMRS ports from different CDM groups can be scheduled to a UE when they belong to different DMRS port groups. 

For the case of multi-DCI, multi-TRP operation, rules (or restrictions) for possible DMRS configurations to the UE can be defined. For example, the UE might be expected to receive the same DMRS Type from multiple TRPs. Similarly, UE behaviour can be discussed to handle cases when multiple TRPs use different PDSCH mapping types. 

Proposal 9: DMRS signalling should be capable of handling both single DCI multi-TRP operation as well as multiple-DCI multi-TRP operation. DMRS port groups should be defined for multi-TRP operation. 

Proposal 10: For multi-DCI multi-TRP operation, rules/restrictions for DMRS configuration to a UE across TRPs should be discussed such that DMRS for different PDSCHs are consistent. Rules for handling cases when different TRPs use different PDSCH mapping types and time domain allocation should also be discussed.
Proposal 11: Collision handling between DMRS of one TRP and reference/synchronization signals of another TRP can be considered. 

PT-RS

For multi-TRP operation, a UE may receive downlink signal from multiple TRPs simultaneously. Those signals may be received from the same antenna panel or different antenna panels. For example, for FR1, a UE may only have a single panel, which could be omni-directional; for FR2, a UE may have multiple panels, which can target to different directions and downlink signals from different TRPs can be received from different panels. 

For multi-TRP operation, the phase noise from different TRPs could be different, as different TRPs may not share the same oscillator. Further the frequency offset between UE to different TRPs could be different. Hence a single port PT-RS may not be enough to track the phase shift from different links. More than 1 PT-RS ports should be supported for multi-TRP operation.

When more than 1 PT-RS ports is used, the association between a PT-RS port to a DMRS antenna port(s) group should be known by UE. Otherwise, UE may use an incorrect antenna port(s) group to receive the PT-RS so that it may not be able to track the phase shift for correct BPL.

Further, for multi-DCI case, each DCI can be used to schedule PDSCH from each TRP. To support phase tracking performance, the PT-RS from different TRP should be orthogonal, which is the same as DMRS ports from different TRP. Then one possible way is to schedule a 2 port PT-RS, include one ZP-PTRS port and one NZP-PTRS port.

Proposal 12: To track phase shifts from different links, for multi-TRP/panel operation, more than 1 PT-RS ports should be supported.

Proposal 13: The association between a PT-RS port to a DMRS port group should be identified.

Proposal 14: ZP-PTRS should be supported to create orthogonal PT-RS ports between different TRPs for multiple-DCI option.

Beam management
In Rel-15, for PDSCH reception, a default spatial QCL assumption is applied if the scheduling offset between the PDSCH and the DCI is less than a certain threshold. The default QCL assumption follows the TCI state of the CORESET with the lowest ID in the latest slot in which one or more CORESETs are configured.

In the scenario of the multi-TRP multi-panel operation, the UE may receive data from different TRPs/panels. In this case, if the scheduling offset is smaller than a certain threshold, the UE may need to maintain multiple default beams since the UE has multiple communication links with different TRPs.

Meanwhile, when determining the default spatial QCL assumption for PDSCH, the CORESETs from different TRPs or received by different UE antenna panels should be considered.
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Figure 2  Example of the default PDSCH beam with multi-TRP and multi-panel
As shown in the figure above, the UE is scheduled with PDSCH from TRP B with the scheduling offset less than the threshold. While in the latest slot in which CORESET(s) is configured, the TCI state of the CORESET with lowest ID (#1) is from TRP A. In this case, if the UE follows the TCI state of CORESET #1, it will result in failure of PDSCH reception. Thus the default spatial QCL assumption of PDSCH should be further discussed.

Proposal 15: For multi-TRP multi-panel operation, the UE should maintain multiple default beams for PDSCH reception. And it should be further discussed on how to derive the default spatial QCL assumption for PDSCH if the scheduling offset is smaller than certain threshold.
TCI signalling enhancements 
In Rel-15, to assist PDSCH reception, a single TCI state is signalled to the UE in DCI to provide QCL information to all DM-RS antenna ports. In Rel-16, due to support of NC-JT, TCI should be enhanced by supporting two QCL information targeting different DM-RS antenna port groups. In particular, DCI may include second TCI field indicating additional QCL information for the second DM-RS port group or TCI structure can be extended to support additional QCL information for the second DM-RS port group.
Proposal 16: To support NC-JT transmission in multi-TRP/multi-panels scenarios, TCI signalling should be enhanced to include different QCL information for different DM-RS antenna port groups.
Conclusions

Proposal 1: Consider single FFT window implementation in the downlink Rx chain as a baseline UE implementation. Accordingly the TRPs involved in NC-JT transmission should have tight synchronization for both ideal and non-ideal backhaul (both FR1 and FR2). Also BWPs across the multiple TRPs is expected to be aligned for NC-JT transmissions.

Proposal 2: Consider single DCI option and multiple DCI option for multi-TRP enhancements in Rel-16.

Proposal 3: The ability to configure 3 CORESETs per BWP with multi-TRP operation could be limiting. We propose to study mechanisms that allow the UE to monitor more CORESETs within a slot while studying options for containing the worst-case and the typical UE PDCCH monitoring complexity.
Proposal 4: In order to increase PDCCH reception reliability (by potentially combining received PDCCH across multiple transmissions) consider solutions in the light of multi-TRP transmission in this WI.
Proposal 5: for the case of multi-DCI PDSCH, processing time requirements may be studied due to multi-TB, multi-HARQ processing as well as  receive processing dependency on other PDSCHs.
Proposal 6: A UE equipped with multiple panels can often receive the same Tx-beam on both panels with reasonable power. This information can be beneficial to the NW and can be considered for L1-RSRP feedback (not applicable for FR1)

Proposal 7: CSI feedback of multiple ranks, PMIs and potentially multiple CQIs can be studied for improving gains due to NC-JT transmission 

Proposal 8: In the case of non-ideal backhaul, sharing UCI within the set of coordinating TRPs may not be possible within an acceptable delay. In order to support multi-TRP deployments clarification on a high-level approach (e.g. UCI TDM-ed for different cells) is needed although it may not have significant impact to RAN1 specifications.

Proposal 9: DMRS signalling should be capable of handling both single DCI multi-TRP operation as well as multiple-DCI multi-TRP operation. DMRS port groups should be defined for multi-TRP operation. 

Proposal 10: For multi-DCI multi-TRP operation, rules/restrictions for DMRS configuration to a UE across TRPs should be discussed such that DMRS for different PDSCHs are consistent. Rules for handling cases when different TRPs use different PDSCH mapping types and time domain allocation should also be discussed.

Proposal 11: Collision handling between DMRS of one TRP and reference/synchronization signals of another TRP can be considered. 

Proposal 12: To track phase shifts from different links, for multi-TRP/panel operation, more than 1 PT-RS ports should be supported.

Proposal 13: The association between a PT-RS port to a DMRS port group should be identified.

Proposal 14: ZP-PTRS should be supported to create orthogonal PT-RS ports between different TRPs for multiple-DCI option.

Proposal 15: For multi-TRP multi-panel operation, the UE should maintain multiple default beams for PDSCH reception. And it should be further discussed on how to derive the default spatial QCL assumption for PDSCH if the scheduling offset is smaller than certain threshold.
Proposal 16: To support NC-JT transmission in multi-TRP/multi-panels scenarios, TCI signalling should be enhanced to include different QCL information for different DM-RS antenna port groups.
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