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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]:
	
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

Agreements:
· Support NR reception of at least one but no more than two of the following 
· Single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier
· Note that: this is intended to have spec impact
· Single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier
· Multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier 
· In case of multiple NR-PDCCH, consider the following for the reduction of  UE PDCCH detection complexity. 
· Note the following may or may not have RAN1 specification impact. 
· Note that different NR-PDSCH data layers from single TRP is special case.
· The alignment of PDCCH generation rules among TRPs, e.g. one identical control resource set across TRPs
· Signalling the maximum number of multiple NR-PDCCH reception via L1 and/or high layer signaling
· Other techniques can be considered




In the contribution, we will further discuss the target scenarios which will heavily impact on the scheme designs, the design to reduce UE complexity and other aspects. 
Discussion
Typical Scenarios and Corresponding Constrains
In the discussions and contributions of multi-TRP and multi-panel transmission, two typical scenarios were raised as the main motivations to introduce the reception of multiple NR-PDCCHs:
· CoMP with non-ideal backhaul (Scenario 1): Since the backhaul is non-ideal, the data exchange and fast scheduling coordination between different TRPs are difficult or cannot meet the latency requirement. In this case, the different data streams are distributed to different TRPs in advance and each TRP can schedule its data transmission with relatively loose coordination with other TRPs
· Multi-beam transmission (Scenario 2):  NW can schedule simultaneous data transmissions through multiple beam pair links (BPLs) for a UE. The UE may use one or more Rx beams to receive these simultaneous transmissions. In the contribution, we assume the ideal connection between multiple beams. If not, it will be similar to Scenario 1 and the related discussions can be categorized to that of Scenario 2.  

For Scenario 1 of CoMP with non-ideal backhaul, the first step is to identify the capacity and latency of the typical backhaul at which our design targets, since the characters of non-ideal backhaul constrains the information shared between TRPs and the coordination between TRPs, on which the detailed design will heavily depend. 
To be specifically, before we can move further to the detailed design, we need to have clear understanding of what the exact constrains are. Here are some examples:
· 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. For example, 
· If two TRPs can coordinate to use the same frequency resources for the transmission, UE may use SIC to receive the two PDSCH. 
· If the PDSCHs have a partial overlap on the frequency resources, the interference estimation will be more challenging since different frequency resources suffers different  interference
· 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. There may be several different alternatives for the feedback scheme and the choice of them are highly related to the backhaul capability:
· UCI bits of multiple PDSCH are transmitted jointly and the target TRP will share them with other TRP(s) upon the successful reception
· UCI bits of each PDSCH are mapped to an independent channel and they are transmitted simultaneously. Then each TRP will try to receive its own corresponding information. In this case, the power control mechanism will become more complicated.
· UCI bits of each PDSCH are mapped to an independent channel and they are transmitted in the TDM manner. Then each TRP will try to receive its own corresponding information.
Based on the discussions, we can see that the design targets are not clear due to the lack of quantitative characters of non-ideal backhaul. So we have the following proposal:

Proposal 1: The quantitative characters of CoMP with non-ideal backhaul should be defined before we move further to the detailed design for CoMP scenarios. 

UE Complexity Reduction

The reception of multiple PDCCHs on one carrier will increase the complexity of UE. The worst case is that UE complexity increase linearly with the number of the simultaneous PDCCHs/PDSCHs.
A straightforward way to reduce UE complexity is to constrain the maximum supported number of NR-PDCCHs/PDSCHs. There was a discussion on this maximum number and three candidates of 2, 3 and 4 were provided in the last meeting [2]. We will discuss this issue from different aspects:
· For CA or DC, the throughput will increase linearly as the number of CCs (cells) increases. On the contrary, the throughput gain is much smaller for the reception of multiple PDCCH on the same carriers due to the interference among the multiple transmissions.  Thus the peak date rate should not be one of the design targets of multiple-PDCCH/PDSCH reception
· For CoMP with non-ideal backhaul, if NW configures more TRPs for the simultaneous transmissions to a UE, it will be more challenging for NW to maintain and update the subset of active TRPs as the UE moves. Thus the number of simultaneous TRP (for DL) should be keep as small as possible.
· The probability of multi-beam transmission heavily depends on the UE’s antenna configuration and capability related to beamforming. For the view of UE implementation, complexity and cost are the main concerns. 
Based on the above discussion, we have the following proposal:

Proposal 2: For the reception of multiple NR-PDCCHs, the maximum supported number of NR-PDCCHs/PDSCHs is 2.

Another way to reduce UE complexity is to constrain the total codewords (CWs) of multiple PDSCHs. It is agreed that for 1 to 4-layer transmission, NR supports 1 CW per PDSCH/PUSCH assignment per UE. Thus if a UE support 2 CW, it can receive up to 8 layers from one or multiple TRPs. From our views, the reception of multiple NR-PDCCHs targets better data rate under typical use cases rather than peak data rate. The peak data rate on one carrier has been considered and addressed in the design of single PDSCH for MIMO. In practical deployment, it is a rare case where multiple TRPs simultaneously transmit data streams to a UE and data transmission of each TRP has more than 4 layers. Thus it is reasonable to constrain 1 CW for each PDSCH if UE is configured for the reception of multiple NR-PDCCHs.
Similar to the above way, it can also constrain the total layers of multiple PDSCHs. In the discussion of DMRS ports for SU-MIMO, the multiple-TRP transmission has also been intensively discussed and simulated. RAN1 has concluded that more than 8 layer for SU-MIMO doesn’t show gains and agrees to support up to 8 DMRS ports for SU-MIMO.  For the reception of multiple PDSCHs, the above observations and conclusions still hold.
To summary, we have the following proposal:

Proposal 3: For the reception of multiple NR-PDCCH/PDSCHs, NR supports the following constrains
· The maximum supported number of the total CWs of PDSCHs is 2
· The maximum supported number of the total layers of PDSCHs is 8

Reducing the decoding complexity of multiple NR-PDCCHs will benefit the UE implementation. In NR, NW can configure different CORESET / search spacing for UE to monitor the control channel. Thus it is possible to reduce the decoding complexity of PDCCHs by adjusting the CORESET and search spacing configuration. From the view of chipset, its design should meet the requirement of worst cases. Thus NR should specify the UE capability for the reception of multiple NR-PDCCHs. 
As most MIMO features are optional in LTE, we can follow the similar principle to support the reception of multiple NR-PDCCHs as an UE capability and not all categories of UE need to support it.
Based on the discussions, we have the following proposals:

Proposal 4: For the reception of multiple NR-PDCCHs, NR should specify scheme(s) to reduce the decoding complexity of multiple NR-PDCCHs
Proposal 5: NR supports the reception of multiple NR-PDCCH/NR-PDSCHs as a kind of UE capability and some UE category(ies) don’t need to support it.

Conclusions
In this contribution, we discuss some open issues regarding the reception of multiple NR-PDCCH/NR-PDSCHs. Based on the above discussion, we have the following proposals:
Proposal 1: The quantitative characters of CoMP with non-ideal backhaul should be defined before we move further to the detailed design for CoMP scenarios. 
Proposal 2: For the reception of multiple NR-PDCCHs, the maximum supported number of NR-PDCCHs/PDSCHs is 2.
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