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1 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.

2 Discussion

In order to analyse RAN2 impact, the potential 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. 

2.1 Option 1: DC like architecture 

In this option, the protocol stack at UE side is similar as DC 3C architecture, i.e. for one DRB, there is only one PDCP entity, but two RLC entities, two MAC entities and two PHY entities corresponding to the two TPRs respectively. Each of these two TRPs has its own scheduler and HARQ entity. For this architecture, each of these two TRPs can transmit its own DCI and perform PDCCH/PDSCH scheduling separately. And the UE can also transmit UCI to each TRP separately. Therefore, this option guarantees robustness since there are two links for DL/UL transmission, if RLF occurs to one link, another still can be used for transmission. However, to support dual connectivity applied for multi-TRP transmission, the UE needs to establish two RLC/MAC/HARQ entities for each DRB which would consume memory and computing resources.

In LTE, DC is introduced in R12, and it is maturely specified. In NR, MR-DC would be finally specified in R15 late drop since time is limited in R15, and the majority design would follow EN-DC principle. From RAN2 perspective, if Option1 is the adopted framework for multi-TRP transmission, the MR-DC mechanism can be reused at certain extent but the difference is that the network configures two CGs following DC-like mechanism for multi-TRP based on explicit or implicit indication provided by the network. The UE then knows that one CG configuration is for one TRP and another is for the other TRP. 
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Figure 1: Illustration of Option 1

2.2 Option 2: CA like architecture

In this option, the protocol stack at UE side is similar as CA architecture, i.e. for one DRB, there is only one PDCP/RLC/MAC entity, and each of the two TRPs has its own HARQ entity. The main TRP is the one which has the unique MAC scheduler, so the main TRP takes charge of these two TRPs and these two TRPs needs to coordinate for resources. From implementation point of view, the slave TRP can have virtual MAC scheduler that to control its own scheduling, but the virtual MAC scheduler is the slave that controlled by the unique MAC scheduler at the main TRP. For this architecture, each of these two TRPs can transmit its own DCI, and the UE can transmit UCI(s) to each TRP separately. Therefore, the robustness can be guaranteed by two sides for UL/DL transmission. To support this option, the UE needs to establish two HARQ entities for each DRB which would consume memory and computing resources.

CA is one feature maturely specified in R10 and NR CA is also introduced in Rel-15. From RAN2 perspective, if option2 is adopted, the CA framework with two PUCCH configurations can be reused at a certain extent. To differ this from existing CA architecture, the network can indicate that this CA-like configuration is for intra-cell multi-TRP case by the explicit or implicit indication even though this CA-like configuration corresponds to the two TRPs. The UE then knows that it is intra-cell CA based on the indication. 
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Figure 2: Illustration of Option 2

2.3 Option 3: Single cell like architecture 1

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/MAC/HARQ entity related to the two TRPs. The main TRP is the one which has the unique MAC scheduler, so the main TRP needs to take charge of these two TRPs’ scheduling. The two TRPs can be handled by the MAC scheduler for HARQ process coordination or by one HARQ process using different TBs. For this architecture, each of these two TRPs can transmit its own DCI for scheduling, but the UCI is only sent to the main TRP by the UE corresponding to the main TRP and/or slave TRP. Therefore, when the main TRP receives the SR/CSI/HARQ feedback from the UE, it would transfer the information to the slave TRP and then the slave TRP schedules its PDCCH/PDSCH based on the information from the main TRP. Since the UCI is not directly transmitted to the slave TRP, latency is introduced especially in the non-ideal backhaul case, and HARQ retransmission for the slave TRP is not immediate since it should wait for the information transferred from the main TRP, which would reduce the throughput. On the other hand, whether the UCI can be transmitted successfully depends on the radio link quality of the main TRP, once RLF occurs to the main TRP, even the radio link quality of the slave TRP is still good, the UCI neither for the main TRP nor for the slave TRP can’t be received by the main TRP, which means robustness for UCI can’t be guaranteed.
In RAN2 perspective, CA framework with one PUCCH configuration can be reused but the difference is that this is intra-cell CA sharing one HARQ entity. The network can indicate this by the explicit or implicit indication, and the UE then knows that it is intra-cell CA sharing one HARQ entity. 
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Figure 3: Illustration of Option 3

2.4 Option 4: Single cell like architecture 2

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 DCI transmission to the two TRPs separately. Similarly, the protocol stack at UE side is that for one DRB, there is only one PDCP/RLC/MAC/HARQ entity related to the two TRPs. The main TRP is the one which has the unique MAC scheduler. From implementation point of view, the slave TRP can have virtual MAC scheduler that to control its own scheduling, but the virtual MAC scheduler is the slave that controlled by the unique MAC scheduler at the main TRP. For this architecture, each of these two TRPs can transmit its own DCI, and the UE can transmit UCI to each TRP separately.

For Option4, it is very similar as Option3, but each of the two TRPs has its own PUCCH configuration. Compared with Option3, since the UCI can be directly transmitted to its corresponding TRP, latency caused by non-ideal backhaul is not an issue any more. Furthermore, robustness for UCI can be achieved. Meanwhile, compared with Option1/2, since the protocol stack at the UE side is simple, the resources for memory and computing can be reduced. 

In RAN2 perspective, CA framework with two PUCCH configuration can be reused but the difference is that this is intra-cell CA sharing one HARQ entity. Similar as Option3, the network can indicate this by the explicit or implicit indication, and the UE then knows that it is intra-cell CA sharing one HARQ entity. To configure multi-TRP for one cell, the ServingCellConfig corresponding to this cell can have two “PDCCH-config” configurations per BWP, and each configuration relates to one TRP separately. These two “PDCCH-config” configurations are different from each other for each TRP so that the UE can distinguish the DCIs from the two TRPs separately within one cell. By adding one new PDCCH-Config within one cell, both CORESET and search space can be allocated for each TRP, which is more flexible. In addition, multi-DCI detection and PDCCH scheduling order can be constrained per PDCCH-Config, which can provide better support for multi-TRP transmission with non-ideal backhaul with relatively few spec impacts and good compatibility. 
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Figure 4: Illustration of Option 4

2.5 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: Multiple potential 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. 

3 Conclusion

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: Multiple potential 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. 
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