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Introduction
From LTE Rel-10, there have been extensive discussions on the multi-TRP transmissions and some schemes have been introduced in LTE to support the transmission across multiple TRPs.  Following the same approach, RAN1 continues to discuss the support of the multi-TRP and multi-panel transmissions. 
Compared to the counterparts of LTE, an additional feature of the reception of multiple PDCCHs has been introduced for the multi-TRP and multi-panel transmissions [1][2][3]:
	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

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



The current discussions and agreements are mainly focusing on the downlink design. In contrast, there are very limited discussions touching the UL design and no progress has been achieved. However, the detailed UL design will heavily impact UE’s complexity, UE power efficiency and system performance. 
In the contribution, we will discuss some aspects of uplink design with consideration of PAPR, power control, UE complexity and so on. 
Discussion
Typical Scenarios
CoMP and multi-beam operation were raised as main motivations to introduce the reception of multiple NR-PDCCHs. Thus the UL and DL design should focus on these two typical use cases. As the coordination schemes between multiple TRPs/multi beams have significant impact on the design,  we need to answer following question as the first step:
· What’s the time scale of the interference/scheduling coordination between different TRPs? This capability of backhaul not only affects the interference coordination, but also affect the receive algorithms and feedback schemes at UE side. 
· What kinds of feedback information can be shared timely among TRPs? This capability of backhaul will affect the design of feedback scheme design for multiple PDSCHs.

To facilitate the further discussion and UL design, we categorize the typical scenarios according the capability of information exchange:
· T1 (ideal information exchange): Multiple TRPs/beams can exchange any interested information timely. It can represent the following typical scenarios:
· CoMP Scenario with ideal backhaul 
· Multiple beams from the same site
· T2 (limited information exchange): Multiple TRPs/beams can exchange some information in a semi-static manner. It can represent the following typical scenarios:
· CoMP Scenario with non-ideal backhaul 
· Multiple beams from different TRPs or sites
As the exchanged information is different for Scenario T1 and T2, the UL design will have different alternatives. In the following sections, we will discuss some detailed design for Scenario T1 and T2, respectively. 

UL Transmission
If multiple TRPs/beams transmit simultaneous data streams to a UE, the UE may have multiple different UL information messages (e.g., data, ACK/NACK, CSI …) , each is associated with a corresponding DL TRP/beam. Thus UL multi-TRP/beam designs should facilitate the transmission of such messages. 
How to transmit the different messages will depend on the scenarios. We discuss the potential options for Scenario T1 and T2, respectively:
· T1:  UE can bundle all the UL messages and transmit them in one PHY channel (e.g., PUCCH or PUSCH). When the target TRP/beam decodes the UL transmission, it will share the messages with other TRPs/beams. We name the scheme as Opt.0.
· T2: Each message associated with a TRP/beam is transmitted through a dedicated PHY channel which is also associated to the same TRP/beam. There are two different options to transmit these dedicated PHY channels:
· Opt.1: The dedicated PHY channels can be transmitted simultaneous. Due to the simultaneous transmission of multiple channels, the PAPR will be increased and the power control schemes will be complicated for the power-limited case.
· Opt.2: Different dedicated PHY channels are transmitted in different time-domain resources to avoid simultaneous transmission of multiple channels. In this option, different TRPs/beams should coordinate the time-domain resource allocation, and can indicate the corresponding UL transmission timing to UE via PDCCH. 

Opt.1 and Opt.2 have their own pros and cons:
· Opt.1
· Pros: 
· High UL peak data rate due to multiple UL transmissions
· No additional information exchanged between multiple TRPs/beams
· Cons:
· Worse PAPR leading to lower power efficiency
· More complicated power control
· More complexity at UE side
· Opt.2
· Pros:
· Lower PAPR
· Simple power control
· Less complexity at UE side
· Cons:
· Limited UL date rate
· Information exchange between multiple TRPs/beams in a semi-static manner

Compared with Opt.1, Opt.2 is preferred as its cons are not big issues and are friendlier to UE. Thus in order to efficiently support different scenarios, we have the following proposals:

Proposal 1: NR should support the following two schemes for multi-TRP/multi-panel transmission:
· The UL feedback/data associated with different PDCCH/PDSCHs are bundled and transmitted in one UL channel (Opt.0)
· The UL feedback/data associated with different PDCCH/PDSCHs are transmitted one by one in a TDM manner and avoid simultaneous UL transmissions (Opt.2)

Proposal 2: FFS the following scheme for multi-TRP/multi-panel transmission in Phase 2:
· The UL feedback/data associated with different PDCCH/PDSCHs can be transmitted from different channels at the same time (Opt.1)

RI feedback
Each UE has its capability on MIMO operations. For example, a UE can only decode up to N MIMO layers. If the number of total MIMO layers is larger than UE’s capability, UE at least has to discard some data stream(s) without demodulation/decoding. As a result, some spectrum resources of the system are wasted and unnecessary interference is introduced, leading to lower efficiency of NR system.
Therefore, for the multi-PDSCH transmission, the total transmission layers should not be beyond the UE’s capability. As a result, NR has to provide some mechanism to facilitate such purpose. 
For Scenario T1, different TRPs/beams can exchange information quickly and coordinate each transmission dynamically. That is to say, when the different TRPs/beam within one cell and have ideal backhaul, it is up to NW’s implementation to schedule a proper number of MIMO layers. In this scenario, no additional RI feedback configuration/design is required.
For Scenario T2, one possible solution is that information about the MIMO layers is exchanged between different TRPs/beams (e.g., via X2) and the maximum number of MIMO layers at each TRPs/beams is semi-statically determined. The corresponding RI feedback has two alternatives 
· Alt.1: UE feedbacks each RI feedback assume only one PDSCH  (The range of RI is from 1 to N)
· Alt.2: NW signals UE the range of RI feedback (The sum of the total range is no more than N)
[bookmark: _GoBack]Alt.1 will waste some degrees of the RI range and lead to no gains. Moreover, Alt.1 is not friendly to UE from the view of complexity. Thus Alt.1 is not preferred. 
For Scenario T2, there is another solution
· Alt.3: UE feedbacks RI for each TRPs/beams such that the sum of all these RI is no more than its capacity N. Each TRP/beam schedules up to K MIMO layers where K is the RI value. 
The advantage of Alt.3 is the flexibility since UE can recommend the MIMO layers of each TRP/beam based on the instant channel state information. Meanwhile, the UE complexity may increase. 
Thus we have the proposal:
Proposal 3: NR should provide some mechanism to ensure that the total MIMO layers are not beyond UE’s capability:
· FFS detailed mechanism (e.g., Alt.2 and Alt.3)


Conclusions
In this contribution, we discuss some issues regarding the UL multi-TRP/multi-panel transmission. Based on the above discussions, we have the following proposals:
Proposal 1: NR should support the following two schemes for multi-TRP/multi-panel transmission:
· The UL feedback/data associated with different PDCCH/PDSCHs are bundled and transmitted in one UL channel (Opt.0)
· The UL feedback/data associated with different PDCCH/PDSCHs are transmitted one by one in a TDM manner and avoid simultaneous UL transmissions (Opt.2)
Proposal 2: FFS the following scheme for multi-TRP/multi-panel transmission in Phase 2:
· The UL feedback/data associated with different PDCCH/PDSCHs can be transmitted from different channels at the same time (Opt.1)
Proposal 3: NR should provide some mechanism to ensure that the total MIMO layers are not beyond UE’s capability:
· FFS detailed mechanism (e.g., Alt.2 and Alt.3)
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