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1 Introduction 
At RAN1#89 meeting, the following agreements were achieved [1]

· 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

· 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
· Maximum number of HARQ processes per carrier supported in NR is 8 or 16 

· This is at least for the single numerology case and a slot-level scheduling and single-TRxP transmission

The following agreement was achieved [2] 
· RAN1 should take at least following requirements into account to design initial access

· Providing at least following functionalities

· Detection of NR cell and its ID
· Note: In this context, NR cell corresponds one or multiple TRP(s)
Moreover, the following agreement was achieved [3] in WF on DL measurement for L3 mobility
· In this WF, cell refers to NR cell which is tied to a same ID carried by NR-SS.

In this contribution, we discuss our view on various aspects of agreed multiple NR-PDCCH reception for NR, namely the maximum number of NR-PDCCH, the corresponding signaling, control channel design and the reduction of UE NR-PDCCH detection complexity. Moreover, the number of HARQ processes and consideration on DL-related UL transmission for multiple NR-PDCCH reception are also discussed. 
2 Discussion

In multi-TRP transmission where TRPs are inter-connected by non-ideal backhaul links NC-JT with centralized scheduling may incur severe throughput loss due to backhaul delay for data/CSI exchange between TRPs and the scheduler. In such scenarios, NC-JT with independent scheduling is a viable solution, where backhaul imperfectness is circumvented by allowing independent schedulers at TRPs. 
From UE’s perspective, separate schedulers at separate TRPs would imply separate MAC entities. Moreover, the agreement on multiple NR-PDCCH is agnostic to whether TRPs belong to the same or different NR cells. Note that at RAN1 86 and 86bis meetings, it was mentioned in the agreements that NR cell corresponds to one or multiple TRP(s) [2] and is tied to a same ID carried by NR-SS [3], respectively.  Hence, we propose that the multiple NR-PDCCH reception agreement is supported at least within one NR cell. This would imply supporting multiple MAC entities within one NR cell. 
Proposal 1: NR supports the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from at least one NR cell

3 Multiple NR-PDCCH

At RAN1#89 meeting, the NR reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP has been agreed.  In this document, the following aspects are discussed. 
3.1 The maximum number of NR-PDCCH/PDSCH
The maximum supported number of NR-PDCCH/NR-PDSCH should take into account UE complexity in terms of blind detections and the feasibility of demodulating multiple NR-PDCCH. UE complexity can be easily controlled, for instance by setting a small maximum number of NR-PDCCH and by using only a subset of aggregation levels and/or candidates.  The demodulation feasibility is shown in Figure 1 for the percentage of UEs that can demodulate NR-PDCCH from each of the strongest 3 TRPs. Correct demodulation is achieved if the SINR at the UE is greater than a given SINR threshold. No interference cancellation from other TRPs is assumed and Dense Urban scenario is considered. The results show that for a -6 dB SINR threshold, 36% of UEs can demodulate 2 NR-PDCCHs from the strongest 2 TRPs. If the threshold of SINR is -9 dB (achieved by higher aggregation level than that of -6 dB), 57% and 19% of UEs can demodulate 2 and 3 NR-PDCCH, respectively.
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Figure 1: Percentage of users that can demodulate NR-PDCCH from each of the 3 strongest TRPs for a given SINR threshold
A larger serving set associated with more number of NR-PDCCH/PDSCH is expected to provide higher performance gain than that with lower number of NR-PDCCH but this would come at the expense of higher blind detection complexity and reduced battery life. With N=2 or 3 NR-PDCCH/PDSCH, it is possible to allow UE-specific cooperating set sizes larger than N, where the subsets of maximum size N can serve the UE at a time. This provides a good compromise between improving performance, controlling blind detection complexity and achieving feasible demodulation of multiple NR-PDCCH at the UE.
Proposal 2: For multiple NR-PDCCH reception in NR, the maximum supported number of NR-PDCCH/PDSCH is 2 or 3
Each TRP performs independent scheduling in NCJT, which implies that CSI measurement signaling will be independently sent to UEs from each TRP. In this case, the sum of RIs reported for all TRPs may exceed UE’s layer-decoding capability, because each RI reporting is only for each TRP independently. This will lead to failure of decoding MIMO layers. One solution is to drop MIMO layers at the UE side if this happens. However, this will significantly lower the system performance and produce too much downlink schedule signaling overhead as well as reporting overhead. Therefore, it is necessary to investigate the mechanism that guarantees total reported RI by a UE in NCJT no more than the UE’s layer-decoding capability.
Observation 1: The sum of reported RIs from a UE in NCJT should not exceed its layer-decoding capability.
3.2 NR-PDCCH design
In NR, for single NR-PDCCH, a UE monitors for downlink control information in one or more control resource sets, CORESET(s) referred to as a CORESET group in this document. Control search space includes at least, aggregation level(s), number of decoding candidates for each aggregation level, and the set of CCEs for each decoding candidate. A search space is associated with a single control resource set. In LTE, the set of CCEs can be determined using the C-RNTI. 
A natural way to support multiple NR-PDCCH in NR is to associate one NR-PDCCH to a CORESET group, where the association can be defined or configured. Additional UE-specific IDs (on top of C-RNTI), i.e. configurable IDs can also be used to determine different CCE sets for search spaces, corresponding to different NR-PDCCH (also different from the one associated with C-RNTI). Moreover, different CCE sets can also be determined by configuring CCE offsets. Hence, the association between C-RNTI, configurable IDs, CCE offsets to different NR-PDCCH can be also defined or configured.
In this design, different NR-PDCCH are in different CORESET groups, i.e. there is one-to-one mapping between an NR-PDCCH and a CORESET group. The following benefits can be achieved.
1. High flexibility: as different CORESETs can be configured with different settings for various properties, e.g. QCL indications, DMRS port groups, transmission type (i.e. localized/distributed), CCE-to-REG mapping, etc. This can accommodate multiple NR-PDCCH from different link qualities. 

2. Low false alarm rate: due to different resources being available for different NR-PDCCH. For a given maximum number of blind detections and with one-to-one mapping between NR-PDCCH and CORESET, when a UE detects one message, it stops searching in the current CORESET, which effectively lowers the average total number of blind detections and in turn reduce the total number of false alarms. 
3. Low blocking probability: since there are different resources for different NR-PDCCH, resulting in more flexibility in placing candidates associated with multiple NR-PDCCH
4. Implicit signaling: for the following information can be done, based on the association of NR-PDCCH with CORESET 
a) Different HARQ process sets. For example, with the maximum 16 HARQ processes for 2 NR-PDSCH each with 8 processes, only 3 bits in DCI to identify HARQ process IDs are required.
b) Maximum number of NR-PDCCH/PDSCH.  Hence, the max number of NR-PDCCH/PDSCH can be implicitly signaled  
c) Different MAC entities

d) Different PUCCH for ACK/NAK signaling 

e) Other properties, e.g. QCL
5. Minimal standardization effort: requiring only signaling to associate NR-PDDCH with CORESET
Hence, based on above analysis, we have the following proposal. 

Proposal 3: For multiple NR-PDCCH reception, NR supports one-to-one mapping between NR-PDCCH and CORESET group (i.e. one or more CORESETs)
3.2.1 NR-PDCCH detection complexity reduction

For multiple NR-PDCCH reception, the following complexity reduction techniques can be considered.
· Configure the maximum number of multiple NR-PDCCH containing different UE-specific DCIs to a UE. The blind detection can be terminated when that many NR-PDCCH messages have been successfully decoded. Moreover, configuring the maximum supported number of NR-PDCCH/PDSCH, can support the switch between single/multiple TRP(s) transmission, among different number of TRPs for NC-JT and from one transmission scheme to another, e.g. from NC-JT to DPS. The maximum number of NR-PDCCH can also be signaled explicitly via L3/L2 signaling or inferred implicitly from the association of multiple NR-PDCCH with other properties, e.g. C-RNTI and configurable ID or CORESET group or QCL indication or DMRS port group.
· Configure a subset of aggregation levels per NR-PDCCH for a UE. Moreover, the number of candidates for each aggregation level can be also configured to further reduce the blind detection complexity.  
Proposal 4: NR supports the following methods to reduce UE complexity

· Signaling of the maximum number of NR-PDCCH/PDSCH via the association of NR-PDCCH with other configurable properties, e.g. C-RNTI and configurable ID or CORESET group or QCL indication or DMRS port group.
· Subset of aggregation levels and/or the number of candidates can be configured in search spaces corresponding to CORESET group associated with each NR-PDCCH
3.3 Number of HARQ processes 

To maintain the same level of flexibility as in single NR-PDCCH/PDSCH transmission, the number of HARQ processes in the case of multiple NR-PDCCH/PDSCH should be proportion to the number of NR-PDCCH, without increasing soft buffer size. This allows each independent link in NC-JT to have independent HARQ entity.
Proposal 5: For multiple NR-PDCCH reception, the number of HARQ processes increases linearly with the number of NR-PDCCH compared to that of the single NR-PDCCH 
3.4 Consideration on DL-related UL transmission
For independent transmission of multiple NR-PDCCH and the corresponding multiple NR-PDSCH, independent NR-PUCCH transmission for ACK/NACK signalling associated with each of multiple NR-PDSCH sent in TDM should be supported in NR. Moreover, UE follows the TPC commands from multiple NR-PDCCH for each of the multiple NR-PUCCH independently.   
Proposal 6: For multiple NR-PDCCH reception, there is one-to-one mapping between NR-PUCCH for ACK/NACK signaling and NR-PDCCH/PDSCH, where

· UE follows the TPC command for each NR-PUCCH from each NR-PDCCH 
4 Conclusions
In this contribution, we discuss the maximum number of NR-PDCCH, the corresponding signaling, control channel design and the reduction of UE NR-PDCCH detection complexity. Moreover, we discuss the number of HARQ processes and consideration on DL-related UL transmission for multiple NR-PDCCH reception. 
Based on the discussions, we have the following observation and proposals.  
Observation 1: The sum of reported RIs from a UE in NCJT should not exceed its layer-decoding capability.
Proposal 1: NR supports the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from at least one NR cell

Proposal 2: For multiple NR-PDCCH reception in NR, the maximum supported number of NR-PDCCH/PDSCH is 2 or 3
Proposal 3: For multiple NR-PDCCH reception, NR supports one-to-one mapping between NR-PDCCH and CORESET group (i.e. one or more CORESETs)
Proposal 4: NR supports the following methods to reduce UE complexity

· Signaling of the maximum number of NR-PDCCH/PDSCH via the association of NR-PDCCH with other configurable properties, e.g. C-RNTI and configurable ID or CORESET group or QCL indication or DMRS port group.

· Subset of aggregation levels and/or the number of candidates can be configured in search spaces corresponding to CORESET group associated with each NR-PDCCH
Proposal 5: For multiple NR-PDCCH reception, the number of HARQ processes increases linearly with the number of NR-PDCCH compared to that of the single NR-PDCCH 
Proposal 6: For multiple NR-PDCCH reception, there is one-to-one mapping between NR-PUCCH for ACK/NACK signaling and NR-PDCCH/PDSCH, where

· UE follows the TPC command for each NR-PUCCH from each NR-PDCCH 
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