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1. Introduction
In RAN1 NR AH#2, the following agreements were made on PDSCH and PDCCH for multi-TRP transmission [1][2].

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

In this contribution, we address implementation details of downlink NC-JT from multiple TRPs, discuss the potential NR PDCCH reception schemes from the perspectives of enhancing the NC-JT performance, user centric transmission scheme, interference mitigation, improving the mobility management as well as interference mitigations among multiple TRP.
2. Multi-PDCCHs Transmission Scheme
Based on the agreement in RAN1 NR AH2 noted above, NR supports the maximum number of unicast and dynamically NR-PDSCH per user is two on a per component carrier basis in case of one bandwidth part for the component carrier. As each NR-PDCCH schedules an NR-PDSCH transmitted from a separate TRP independently, it means that the number of NR-PDCCHs supported in multiple TRR NC-JT transmission should be no less than two. 

Observation 1: the maximum number of NR-PDCCH for supporting multi-TRP NC-JT should be no less than two.

Given the maximum number of NR-PDSCH for downlink NC-JT transmission, multi-PDCCH transmission from different TRPs may bring more potential gain and provide more flexible transmission schemes. 
2.1 Enhancement PDCCH coverage
For NR downlink NC-JT transmission, system performance is influenced by the coverage of PDSCH as well as the coverage of the PDCCH. For example, there are two PDCCH to scheduling two individual PDSCH of different TRPs. In this condition, one PDCCH is called as the primary PDCCH, which is transmitted on the link between serving TRP and user. The other PDCCH is called as the secondary PDCCH, which is transmitted on the link between the cooperative cell and the user. The coverage of the primary PDCCH is guaranteed by the cell planning as well as the related transmission mode according to the practical channel properties. However, the secondary PDCCH is transmitted from the cooperative cell and its coverage should be enhanced in order to improve the second link performance in NR NC-JT transmission since the UE may be located well outside its coverage area without any enhancement. It indicates that in downlink NC-JT transmission, each PDCCH’s coverage should be improved with high priority. Figure 1 shows an example of one scheme used to improve the secondary link PDCCH coverage. In this scenario, there are one primary TRP, P-TRP, and two secondary TRPs, S-TRP-01 and S-TRP-02. System uses their cooperation to improve both the PDSCH performance as well as the PDCCH performance, such as
· P-TRP and S-TRP-01 are used for PDSCH performance improvement (i.e., transmission of two PDSCHs)
· S-TRP-01 and S-TRP-02 are used for PDCCH-2 performance improvement (i.e., transmission of the same PDCCH)
Transmission of PDCCH-2 from multiple TRPs enhances its coverage and robustness even with a simple transmission scheme such as using the same resources, MCS, etc. For NR high band system, PDCCH cooperation among more TRPs can be used in order to improve the PDCCH coverage, robustness as well as to enhance PDSCH performance.
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Figure 1 PDCCH coverage enhancement
Observation 2: Two PDCCHs from more TRPs can be used in order to enhance PDCCH performance as well as PDSCH performance in downlink NR NC-JT.
2.2 User centric multi TRP NC-JT transmission
In order to improve the user performance in NR systems, user centric cooperative transmission schemes should be further investigated. Multiple PDCCH transmission can facilitate both user centric downlink transmission and user centric uplink transmission.
2.2.1 Downlink user centric NC-JT transmission

In downlink cooperative transmission, multiple TRPs transmitting PDCCHs can facilitate user monitoring of the downlink channel quality of multiple links by CSI-RS measurement to select the favourable links for downlink transmission. User centric transmission can significantly improve the user’s performance as it matches the real transmission requirement and situations. Given the maximum number of PDSCHs, the user selects one TRP pair and sends feedback to TRPs. As shown in Figure 2, the selected TRP pair is changed from {P-TRP, S-TRP-01} to {P-TRP, S-TRP-02} with the user moving. Dynamic user centric TRP pair selection and transmission can thus be realized when multiple PDCCH reception scheme is supported by the UE and more links are used for PDCCH transmission than the number of PDSCHs.
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Figure 2 User centric downlink NC-JT
Supporting UE to monitor multiple PDCCHs can help the networks to implement the fast and smooth user mobility management. For example when the user moves to the cell edge or cluster edge, one or multiple PDCCHs are transmitted to the user from the adjacent cell or adjacent cluster, allowing the UE to monitor the target cell or cluster in advance through CSI-RS measurement. As there is no PDSCH transmitted along with those related PDCCH from adjacent cell, monitoring multiple PDCCH will not deteriorate user reception performance. When the user moves into the target cell or cluster, the downlink transmission can start at once.
Observation 3: Supporting multiple PDCCH reception scheme can facilitate downlink user centric NC-JT transmission and mobility management. 
2.2.2 Uplink user centric NC-JT transmission

The user monitors multiple PDCCHs from separate TRPs. If UE has multiple panels and each UE panel has a different orientation, the best TRP may be different for each UE panel. There exist multiple transmission links between the TRP and the UE panel. For example, in the left figure of Figure 3, P-TRP and S-TRP-01 are selected for the user’s downlink data transmission. Three PDCCHs are transmitted from P-TRP, S-TRP-01, S-TRP-02. S-TRP-01 may, however, allocate all its uplink resources to its serving users and hence may not be left with enough resources to assign to the CoMP user. If the user detects the PDCCH from P-TRP and S-TRP-02 and finds the assigned uplink resource, the user will use the link from P-TRP and S-TRP-02 to perform the uplink NC-JT to achieve the spatial multiplexing gain. This means that the cluster of cooperating TRPs for uplink transmission and the cluster for downlink transmission may be fully overlapping, partially overlapping, or separated. This can facilitate uplink transmission with optimization of the system resource allocation.
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Figure 3 User centric uplink NC-JT
Observation 4: Supporting multiple PDCCHs reception scheme will facilitate uplink NC-JT transmission in order to improve performance and resource utilization efficiency.
2.3 Flexible uplink interference mitigation
Usually, NR systems will use multi-TRP cooperative transmission for the cell edge users. If the cluster size is limited to two, the cell edge user will cause severe interference to other neighbour cells. Exploiting multi-PDCCH reception scheme, the uplink interference can be mitigated through pre-cancellation or pre-compression. For example, there are multiple TRPs comprising a cooperative transmission cluster, and two TRPs are selected for PDSCH transmission with corresponding PDCCHs. Other TRPs within the cluster can transmit PDCCH to the user. Along with the PDCCH, each of these other TRPs can inform the user about its contribution to the uplink interference at that TRP. After receiving this information, the UE can adjust the transmit beam vector and transmit power in order to reduce the uplink interference to the TRP sending the PDCCH. Exploiting the multi-PDCCH reception scheme and simple cooperation between the user and TRP, the edge user can pre-compress the uplink interference. 
Observation 5: Supporting multiple PDCCHs reception scheme will facilitate uplink interference mitigation.

Proposal 1: Considering user capability, complexity and performance, two or three PDCCH from more TRPs should be supported for NR multi-TRP transmission. 

2.4 Potential Signalling for Number of PDCCHs Indication
As discussed above, multiple, separate PDCCHs will be transmitted from multiple separate TRPs to a given user, and each PDCCH should be successfully decoded. Traditionally, a user uses a low-complexity receiver to decode a single PDCCH in order to reduce the PDCCH decoding time. But for multiple-PDCCH decoding, a more advanced receiver is expected to be used at the user side in order to accelerate the decoding speed as well as to compress the mutual interference among multiple PDCCHs. As a blind decoding algorithm is used for PDCCH decoding, prior information of the maximum number of PDCCHs will be useful to reduce the PDCCH space searching time. The information of maximum number of PDCCHs can be configured to a user by explicit signals in advance, such as using RRC to indicate this information.
In order to further reduce the multi-PDCCH decoding time, a fast indication scheme to inform the actual number of PDCCHs in real transmission should also be considered. This scheme has some advantages:
a) Dynamically match user transmission scenario. If the user’s environment was changed, a subset of PDSCHs and PDCCHs are selected. Note that the size of PDCCH is no less than the size of the PDSCHs. Those selected PDCCHs and PDSCHs will be transmitted from multi-TRPs. If the user gets an indication of the actual PDCCH number on time, the user can shorten the PDCCH searching and decoding time and accelerate the speed both of PDCCH decoding and PDSCH decoding.

b) Some downlink signalling, such as DCI can be used to indicate this information in the fast indication scheme.

Furthermore, explicit signalling can help the user to implement channel measurement and CSI feedback more efficiently. RRC, MAC CE or DCI can be used to indicate the number of PDCCHs/PDSCHs in downlink transmission according to the different requirements from the perspective of fast response and low system overhead.
Proposal 2: Explicit signalling of the maximum number of NR-PDCCHs/PDSCHs should be considered in order to support efficient reception of multi-PDCCHs/PDSCHs. 
3. Conclusion
The contribution is concluded by summarizing observations and proposals for maximum number of PDCCHs in multiple TRP NCJT transmission:
Observation 1: To support two separate PDSCH from different TRP, the maximum number of NR-PDCCH for supporting multi-TRP NC-JT should be no less than two.
Observation 2: Two PDCCHs from more TRPs can be used in order to enhance PDCCH performance as well as PDSCH performance in downlink NR NC-JT.

Observation 3: Supporting multiple PDCCH reception scheme can facilitate the downlink user centric NC-JT transmission and mobility management. 
Observation 4: Supporting multiple PDCCHs reception scheme will facilitate the uplink NC-JT transmission in order to improve the NC-JT performance and resource utilization efficiency.
Observation 5: Supporting multiple PDCCHs reception scheme will facilitate the uplink interference mitigation.
Proposal 1: Considering user capability, complexity and performance, two or three PDCCHs from more TRPs should be supported for NR multi-TRP transmission. 

Proposal 2: Explicit signalling of the maximum number of NR-PDCCHs/PDSCHs should be considered in order to support efficient reception of multi-PDCCHs/PDSCHs. 
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