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Enhancements to multi-TRP/panel transmission is a key part of the Release 16 WI on NR MIMO enhancement [1]. This topic was first discussed in the RAN1#94bis meeting in Chengdu [2]. The following agreements were made:

Agreement
For eMBB multi-TRP/panel transmission down-select among the following in RAN1#95:
· Alt0: Support only single PDCCH design
· FFS: Whether multiple PDCCH design is also needed 
· Alt1: Support only multiple PDCCH design
· FFS: Whether single PDCCH design is also needed 
· Alt2: Support both multiple PDCCH and single PDCCH design
· FFS: PDCCH design for URLLC
Aspects to be considered in the down-selection: backhaul latency, downlink control overhead, specification impact (including RAN2 specs), UE complexity (related to power control, timing adjustment, and PDCCH blind detection), DCI/UCI design, scheduler flexibility, intra-UE PUCCH/PUSCH transmission, Rel-15 PDCCH blockage probability, CSI feedback, etc.

Our initial view on this topic was presented in [3]. In this contribution, we provide our further opinion on the enhancement to multi-panel/multi-TRP transmission, mainly in the DL. Our companion contribution provides our view on the enhancement to multi-panel transmission in the UL [4].

Design consideration for multi-TRP/multi-panel transmission
Consideration on the backhaul delay 
Multi-TRP/multi-panel transmission in Release 16 needs to accommodate a wide range of backhaul delay, as well as UE capabilities. For multiple panels deployed at the same TRP and controlled by the same gNB, ideal backhaul between panels with 0 delay can be assumed. For transmission from multiple TRPs, the backhaul delay can be 20ms or even longer. These are two separate but equally important scenarios, and both need to be addressed. Further discussion should be based on the two scenarios, i.e. ideal backhaul with no or very short delay, and non-ideal backhaul with long delay. These two different cases require separate solutions. Between the two, there could be intermediate values of backhaul delays such as 1, 2, 5 or 10ms. The solutions developed for one of the two extreme scenarios should be applicable to these intermediate cases. 
Proposal 1: Design of multi-TRP/multi-panel transmission should be based on two separate scenarios, i.e. backhaul with no or very short  delay and backhaul with long delay. 

Multi-TRP transmission with long backhaul delay
For long backhaul delay such as 20ms, it is not possible for the control information (DCI, UCI) or the data (PDSCH) to be transmitted or exchanged between TRPs while still meeting the tight delay requirement of 5G. As a consequence, dynamic coordinated transmission from multiple TRPs is off the limit. Only loosely coordinated transmissions from multiple TRPs are possible. Each TRP transmits its own PDCCH that schedules its own PDSCH, and the UE transmits the corresponding PUSCH to the TRP (Figure 1). This makes multi-PDCCH design mandatory for Release 16. 

Figure 1. Multi-TRP transmission with multi-PDCCH. 

Proposal 2: Multi-PDCCH design should be supported for long backhaul delay.  
For multi-PDCCH transmission, Release 15 PDCCH and PDSCH designed for single TRP should be reused as much as possible. In FR2, Release 15 TCI can be used to indicate the spatial relationship of the reception of PDCCH or PDSCH. Because in Release 15 a UE can be configured with multiple CORESETs with different QCL configurations, and multiple PDSCH with different TCI states, there is already limited support in Release 15 for transmissions from multiple TRPs. (Based on our previous contribution [3], DPS type of multi-TRP transmission can be supported by Release 15). What distinguishes this case from Release 15 is whether a UE can receive PDCCH and PDSCH in overlapping resources. If in a given symbol a UE is only able to receive from a single TRP/panel/beam, PDCCHs and their corresponding PDSCHs from different TRPs must be transmitted to the UE at different time. An example is a UE with a single antenna panel or a UE with limited baseband processing capability. For a UE like this, the two TRPs need to coordinate their transmissions so the multiple PDCCHs and PDSCHs occupy different OFDM symbols. PDCCHs from different TRPs will be configured with different TCI states.  This can be done through coordination between the TRPs. While the reception of PDSCH may remain unchanged from release 15, the number of blind decoding for UE in its search space may increase for multiple PDCCHs. The UE can be configured with separate PDCCHs with their CORESETs and search space for each TRP. For UEs that can receive from two different TRPs/panels/beams at the same time, two TRPs can transmit their PDCCHs and schedule the corresponding PDSCHs autonomously, either totally independent of each other, or based on some coordination between the TRPs. Based on the PDCCH, the UE can tell how to best receive and decode PDSCH depending on whether the same time/frequency resource is used by one or both of the PDSCHs. Depending on UE implementation, MMSE-IRC with or without SIC can be used for decoding overlapping or partial overlapping PDSCHs. UE can report to gNB the number of data layers it can process, either individually or collectively from multiple PDSCHs. UE transmits the UCI to the corresponding TRP in the respective PUCCH. 
We believe multi-PDCCH multi-TRP transmission should be based on Release 15 PDCCH, PUCCH and PDSCH design as much as possible. Whether enhancement to CSI feedback scheme for multi-PDCCH multi-TRP transmission is required is for further studied.   Based on these discussions, we propose the following: 
Proposal 3: Whether a UE can receive from two different TRPs/panels/beams concurrently should be reported as part of UE capability. 
Proposal 4: Release 15 PDCCH, PUCCH and PDSCH design should be the baseline for multi-PDCCH multi-TRP transmission design. 
Proposal 5: Consider the impact to CORESET and PDCCH search spaces configurations for multiple PDCCH design. 

Multi-TRP/multi-panel transmission  with zero or very short backhaul delay
When the backhaul delay between different TRPs or different panels is zero or very short, transmission or exchange of control and data information between TRPs or panels is not an issue. This makes it possible for a TRP to schedule the transmission/retransmission from multiple TRPs. Compared with multi-PDCCH design, single PDCCH design allows a UE to monitor smaller number of search space. This limits the UE blind decoding complexity as well as the UE power consumption. Compared with multi-PDCCH design, this is a significant advantage. Therefore we propose to standardize single PDCCH design to support backhaul with zero or very short delay.
Proposal 6:  Single-PDCCH design should be supported for zero or short backhaul delay.  
It is clear that both single-PDCCH and multi-PDCCH design are required to support different scenarios. 
Proposal 7: Support both single-PDCCH and multi-PDCCH design. 


Figure 2. A single PDCCH schedules a single PDSCH sent from 2 TRPs, each transmitting a separate TB.

It remains to be determined how many PDSCHs can be scheduled by the single PDCCH. When a single PDSCH is scheduled by a single PDCCH, the single PDSCH is transmitted from both TRPs/panels. This is similar to NC-JT of Release 14 LTE. It is natural to extend the Release 15 PDSCH to allow different data streams of the PDSCH sent from different TRPs. Because the maximal number of transport blocks in a Release 15 PDSCH is two, two TRPs can transmit to a UE in a same PDSCH, where all the data layers of a transport block is sent from a TRP. The concept of DMRS group can be used to associate the DMRS with data layers transmitted from different TRPs. The PDCCH needs to indicate two TCI states or equivalent for two DMRS groups, and the number of layers transmitted from each TRP. This will lead to change to the DCI format 1_1 design. The codeword to layer mapping rule also needs to be enhanced to address 2 TBs transmitted from two TRPs, even when the total number of layers is less than 4. 
Proposal 8: Extend DCI 1_1 for scheduling single PDSCH from multiple TRPs/panels.  
Proposal 9: New CW layer mapping schemes are required for single PDSCH transmission from multiple TRPs.
For CSI feedback, a UE needs to estimate and feedback the RI, PMI, CQI for each TRP. Depending on the CSI resource setting and CSI report setting, a UE may have the freedom to choose the CSI-RS resources and provide the CRI as part of the CSI feedback. The assumptions UE made in calculating the CSI can be either left as UE implementation or specified in the standard.   
Proposal 10: The CSI feedback for single PDSCH single PDSCH transmission scheme is FFS.
Another possibility is for a single PDCCH to schedule multiple PDSCHs transmitted from different TRPs. From PDSCH transmission point of view, it resembles Figure 1. The PDCCH and PUCCH for both TRPs are transmitted from and to one of the two TRPs. However, we do not see a clear benefit over Figure 1. With the scheme in Figure 1, when the backhaul delay is very low delay between the two TRPs, the two TRPs can coordinate their transmissions over the backhaul, and the coordinated scheduling information can be transmitted separately from the TRPs, each scheduling a single PDSCH. The scheme in Figure 1 can be applied to both short and long backhaul delay, while the scheme in Figure 3 can be applied only to the short backhaul delay case. Considering the effort of standardization and UE cost, significant benefit needs to be shown with the single PDCCH, multiple PDSCHs transmission scheme before it can further be developed. 


Figure 3. A single PDCCH schedules 2 PDSCH, each transmitted from a TRP.
  
Proposal 11: The benefit and trade off need to be considered before defining the single PDCCH, multiple PDSCHs transmission scheme. 

Conclusion
We have discussed different scenarios for multi-TRP/multi-panel transmission, and different potential solutions and their related issues. Our proposals are summarized below:

Proposal 1: Design of multi-TRP/multi-panel transmission should be based on two separate scenarios, i.e. backhaul with zero or very short  delay and backhaul with long delay. 
Proposal 2: Multi-PDCCH design should be supported for long backhaul delay.  
Proposal 3: Whether a UE can receive from two different TRPs/panels/beams concurrently should be reported as part of UE capability. 
Proposal 4: Release 15 PDCCH, PUCCH and PDSCH design should be the baseline for multi-PDCCH multi-TRP transmission design. 
Proposal 5: Consider the impact to CORESET and PDCCH search spaces configurations for multiple PDCCH design. 
Proposal 6:  Single-PDCCH design should be supported for zero or short backhaul delay.  
Proposal 7: Support both single-PDCCH and multi-PDCCH design. 
Proposal 8: Extend DCI 1_1 for scheduling single PDSCH from multiple TRPs/panels.  
Proposal 9: New CW layer mapping schemes are required for single PDSCH transmission from multiple TRPs.
Proposal 10: The CSI feedback for single PDSCH single PDSCH transmission scheme is FFS.
Proposal 11: The benefit and trade off need to be considered before defining the single PDCCH, multiple PDSCHs transmission scheme. 
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