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Introduction
In NR R16 multi-TRP transmission has been discussed and in RAN1#95 meeting [1], the following is agreed,
Agreement
For multi-TRP/panel transmission, both multiple PDCCH and single PDCCH designs are supported in Rel-16
· Applies for eMBB
There are some candidate architectures on the table for multi-TRP transmission. In this paper, we would analyse these solutions and bring them into comparison.

User plane architecture
In order to analyse RAN2 impact, the potential user plane architectures for multi-TRP transmission are provided. In general there are four main options. We would analyse and compare them from advantage and disadvantage perspective. 
Option 1: DC like architecture 
[bookmark: _Hlk525119309]In this option, the protocol stack at UE side is similar to what it is for NR-DC, i.e. the UE has two MAC entities, one associated with each TRP, and for one RB, there is only one PDCP entity, but there can be two RLC entities, with an RLC entity mapped to each of the two MAC entities. Each of these two MAC entities/TRPs has its own independent HARQ entity and active time (DRX). For this architecture, on each of the two TRPs the UE receives DCI and PDCCH/PDSCH separately and transmits UCI (including HARQ feedback and CSI to allow link adaptation) separately. The UE distinguishes the TRPs by the different CORESET index as provided in the UE configuration. In this option, the network could schedule different RBs to different TRPs, or dynamically decide which link for transmission of data from any RB based on CSI reports, or also duplicate packets to improve robustness. Such detailed network behaviour does not need to be specified. The UE needs to maintain two MAC (and HARQ) entities which consumes some memory and processing resources and can only be fully in DRX when both MAC entities are in DRX.
In NR, MR-DC is finally specified in R15 late drop, and the majority design follows EN-DC principle. From RAN2 perspective, if option1 is the adopted as the framework for multi-TRP transmission, the existing mechanisms in user plane specifications can be reused except that the two MAC entities would be associated to different TRPs of the same cell group, instead of being associated to different cell groups. 


[image: ]
Figure 1: Illustration of Option 1

Option 2: CA like architecture with PUCCH SCell
In this option, the user plane protocol stack on the UE side is similar to the one for CA, i.e. for one RB, there is only one PDCP and one RLC entity, there is a single MAC entity for the UE and each TRP has its own HARQ entity. In this option, for each of these two TRPs the UE receives DCI separately and transmits UCI(s) to each TRP separately, like in the previous option, but the active time (DRX) is the same for transmissions on both TRPs. The UE distinguishes the TRPs by the different CORESET index as provided in the UE configuration.
In this option like in option 1, the network could schedule different RBs to different TRPs, or dynamically decide which link for transmission of data from any RB based on CSI reports, or also duplicate packets to improve robustness. To support this option, the UE needs to establish one HARQ entity for each TRP, which also consumes memory and processing resources.
From RAN2 perspective, if option 2 is adopted, the mechanisms in user plane specifications for CA with two PUCCH configurations can be reused except that the two HARQ entities would be associated with 2 TRPs of the same serving cell. 
[image: ]
Figure 2: Illustration of Option 2

Option 3: Single cell like architecture 1 (with a single PUCCH)
In this option, the protocol stack at UE side is similar as single cell architecture, i.e. for one DRB, there is only one PDCP/RLC entity and the UE has a single HARQ entity related to the two TRPs. Without impacting RAN2 specifications, transmissions received from the two TRPs could be handled using separate HARQ processes but that reduces the number of HARQ processes that each TRP can use. RAN1 is also discussing the possibility to use one HARQ process handling multiple TBs. As the transmission status of the two TBs could be different and HARQ retransmissions controlled by separate PDCCHs, existing RAN2 specification would require some modification e.g. to handle separately the two buffers for the same HARQ process.

For this architecture, each of these two TRPs can transmit its own DCI but the UCI corresponding to DL transmissions from both TRPs is sent with a single codebook. If the UCI is not decoded by both TRPs, the TRP decoding the UCI needs to provide the other TRP with relevant information such as HARQ feedback and CSI for link adaptation. In the non-ideal backhaul case, HARQ retransmission for the TRP which does not directly receive the UCI is not immediate, which can reduce the throughput. Delay for link adaptation can also degrade the transmission. Besides, if deep fading affects transmission between the UE and the TRP which decodes the UCI, DL transmission from both TRPs will be degraded, even if the radio link quality of the other TRP is still good.
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Figure 3: Illustration of Option 3

Option 4: Single cell like architecture 2 (with a PUCCH per TRP)
In this option, the difference compared to Option3 is that the UE has two independent PUCCH configurations which can be used by the UE for UCI transmission to the two TRPs separately. Similarly, on the UE side, for one RB, there is only one PDCP/RLC entity, and the UE has a single HARQ entity related to the two TRPs. For this architecture, each of these two TRPs can transmit its own DCI, and the UE can transmit UCI to each TRP separately.
Compared with option 3, since the UCI can be directly transmitted to its corresponding TRP, latency caused by non-ideal backhaul is not an issue any more. Also, deep fading affecting the transmission between the UE and one TRP cannot affect transmission from the other TRP. Meanwhile, compared with Option1/2, since the protocol stack at the UE side is simple, the resources for memory and computing can be reduced. 
DiThe UE can identify the TRPs based on the CORESET specific index. These indexes in the PDCCH configuration are different from each other for each TRP so that the UE can distinguish the DCIs from the two TRPs separately within one cell. 
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Figure 4: Illustration of Option 4
Summary
Based on the above analysis, multiple potential architectures from Rel-15 may be re-used with a certain extent for multi-TRP transmission with non-ideal backhaul. There’s small difference among these options with limited RAN2 impacts. Since the protocol stack for Option 4 is simple, and latency and robustness can be guaranteed by two sides for both uplink and downlink transmission. We slightly prefer Option 4 for multi-TRP transmission, supporting both ideal and non-ideal backhaul effectively.

Observation 1: Multiple use plane architectures from Rel-15 can be used as the starting point with limited RAN2 impacts for supporting multi-DCI based multi-TRP/panel transmission with non-ideal backhaul. 

Impacts of multi-TRP transmission from RRC perspective

The multi-TRP transmission framework being defined in RAN1 addresses two cases: the reception of up to 2 PDCCH messages from different TRPs under the same cell (referred as “intra-cell multi-TRP”); the second case addresses the reception of up to 2 PDCCH messages from different TRPs under different cells (referred as “inter-cell multi-TRP”).

In other words, the UE connected to cell 1 can be configured to receive a PDCCH/PDSCH whose characteristics are so that it could be configured to a UE connected to cell 2. This could mean that some parameter(s) used for PDCCH/PDSCH reception that is normally inherited from the common parameters (in ServingCellConfigCommon) would have to be different. In such a case, one possibility would be to provide an additional set of common parameters but another possibility would be to extend the regular PDCCH/PDSCH configuration for that purpose. In order to determine a suitable design for the configuration of the UE, RAN2 needs information from RAN1 on whether, in the case of inter-cell multi-TRP transmission, some configuration parameters normally determined by the serving cell, would have to be configured separately, and which parameters.

Observation 2: RAN2 needs information from RAN1 on whether, in the case of inter-cell multi-TRP transmission, some configuration parameters normally determined by the serving cell, would have to be configured separately, and which parameters.

Solutions based on similar ideology as multi-TRP transmissions are currently being discussed in the Mobility Enhancement agenda in RAN1. In RAN1#97, the following conclusions were reached on the topic of Mobility Enhancement:

	Conclusion:
· RAN1 expects similar physical layer specification impact for make-before-break (MBB) based HO enhancements and DC-based HO enhancements. 
· For both DC-based and MBB based HO that is feasible in scenarios identified in R1-1905780, 
· it is expected that UE can receive: 
· PDCCH from both source and target cells. 
· PDSCH from both source and target cells. 
· FFS: BWP and CORESET configurations, semi-static PDCCH configuration for source and target cells, PDCCH blind decoding budgets, etc. 
· it is expected that UE can transmit: 
· Multiple PUCCH for HARQ-ACK to both source and target cells. 
· FFS: whether the transmission is TDM or other manners. 
· FFS: multiple PUSCH to both source and target cells.
· FFS: Power Control related aspects.
· Further study dependence of simultaneous transmission and/or reception on UE capability, if any.
· Continue to discuss the feasibility of DC/MBB-based HO for scenarios listed in R1-1905780 where RAN1 has not concluded on feasibility. 



RAN1 agreed that for DC/MBB-based HO, a UE is expected to receive PDCCH from both source and target cells in scenarios where simultaneous connectivity is feasible. For both mobility enhancements and multi-TRP transmissions: RAN1 is choosing approaches where the UE is expected to receive PDCCHs from multiple cells. This motivates the need for RAN2 to build a signalling framework that is generic and usable for both multi-TRP transmissions and mobility enhancements.

Observation 3: RAN2 could build a generic signalling framework usable for both multi-TRP transmission and mobility enhancements.

Conclusion
[bookmark: OLE_LINK3]This paper mainly gives analysis on the potential solutions for multi-TRP transmission with non-ideal backhaul. Based on the above analysis, we have the following observation:

Observation 1: Multiple use plane architectures from Rel-15 can be used as the starting point with limited RAN2 impacts for supporting multi-DCI based multi-TRP/panel transmission with non-ideal backhaul. 

Observation 2: RAN2 needs information from RAN1 on whether, in the case of inter-cell multi-TRP transmission, some configuration parameters normally determined by the serving cell, would have to be configured separately, and which parameters.

Observation 3: RAN2 could build a generic signalling framework usable for both multi-TRP transmission and mobility enhancements.
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