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Introduction

At RAN1#88b meeting, the following agreements were achieved [1]

· 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 signalling

· Other techniques can be considered. 
· Confirm the following working assumption as an agreement 
· For 3 and 4-layer transmission, NR supports 1 codeword (CW) per PDSCH/PUSCH assignment per UE
· DMRS port groups belonging to one CW can have different QCL assumptions
· One UL- or DL-related DCI includes one MCS per CW

· One CQI is calculated per CW
Moreover, the following agreements were achieved in RAN1#88 meeting [2].
· NR supports the following number of codewords per PDSCH/PUSCH assignment per UE:

· For 1 to 2-layer transmission: 1 codeword

· For 5 to 8-layer transmission: 2 codewords
In this contribution, we discuss our view on multiple NR-PDCCH reception for NR. Moreover, the reduction of UE NR-PDCCH detection complexity is discussed.  
1 Multiple NR-PDCCH

In NR SI, the feasibility and benefits of supporting different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul in NR have been demonstrated and documented in the TR. However, it is also understood that with non-ideal backhaul links, performance loss is inevitable due to CSI ageing resulting in poor link adaptation and delay from scheduling decision/data exchanges resulting in challenges to satisfy the QoS delay requirement in a certain case. In such events, independent scheduling at each TRP within a cooperating set of TRPs without sharing those information, is attractive or maybe the only viable option.  To enable such independent scheduling within the same carrier, control information corresponding to a NR-PDSCH should be sent from each TRP independently. This requires the reception of multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier.
In the following, we highlight the benefits of multiple NR-PDCCH to support independent scheduling for NC-JT with different NR-PDSCH data layers, especially with non-ideal backhaul. Note, however, that the application of multiple NR-PDCCH is not limited only for independent scheduling with non-ideal backhaul, but also for independent/centralized scheduling with ideal backhaul. 
· Non-ideal backhaul support: With independent scheduling at each TRP in the cooperating set of TRPs, there are no data sharing and limited/long-term/no sharing of CSI/CQI feedback and scheduling decisions between TRPs. Hence, independent scheduling is suitable for non-ideal backhaul. 
· Backhaul-delay-insensitive performance: The performance of a NC-JT scheme with independent scheduling presented in [3] shows significant performance gain in 5%, 50% and mean UPT over the baseline with single-TRP transmission. The performance is not sensitive to backhaul delay since there is no dynamic information sharing between TRPs. 
· Cost effective benefit:  Non-ideal backhaul link between TRPs is a practical scenario and is widely used in the market as discussed in [Section 6.1.3, 4]. Hence, independent scheduling NC-JT working for non-ideal backhaul can provide an option for operators to improve user experience with NC-JT without having to invest in expensive infrastructure for ideal backhaul. According to input from operators [Section 6.1.3, 4], an ideal backhaul is categorized by one way latency of less than 2.5µs and up to 10 Gbps throughput. 
· Mobility users experience improvement: As an NR cell can cover multiple TRPs, UEs can maintain multiple connections and receive data without handover while moving. Moreover, together with TRP cooperation that requires limited or no information sharing among them, user experience can be improved especially in high-mobility scenario, where CSI/CQI feedback is aged fast. 
· Unified DCI size/format: With multiple NR-PDCCH, unified DCI formats with the same payload sizes can be easily achieved for both single and multiple TPRs/panels transmission since each of the multiple NR-PDCCH conveys control information for a single TRP’s scheduling. 
· Flexible resource/MCS assignment: 
· Flexible resource assignment: Independent NR-PDCCH corresponding to data stream(s) coming from each TRP to a UE allows flexible resource allocation, i.e. fully/partially/non-overlapping resource can be used. The flexible resource allocation results from allowing frequency selective scheduling based on CSI/CQI feedback associated to each TRP. It is difficult to realize if only one NR-PDCCH conveys control information for data from multiple TRPs, using current DCI format carrying only a single resource assignment field. 
· Flexible MCS adaptation: Because of independent NR-PDCCH corresponding to a data transmission from each TRP, link adaptation can be based on CSI/CQI information associated with each TRP. It is difficult to achieve a desirable performance if the same CW is transmitted from different TRPs due to the agreement on one MCS per CW [1], as performance degradation is expected if there are different link qualities associated with different TRPs from the UE perspective. To use 2 CWs, however, 5-8 layers are required and this is likely to be beyond the decoding capability/condition of users that would benefit from coordinated transmission (e.g. cell-edge UEs). 
· Performance: The performance comparison of using single NR-PDCCH and multiple NR-PDCCH is considered for NC-JT with two TRPs, each transmitting at most one layer. For the single NR-PDCCH case, the two layers from two TRPs correspond to one CW with one MCS. For the multiple NR-PDCCH case, the two layers correspond to 2 CWs each with independent MCS. Moreover, SIC receiver can be used for the latter case. Figure 1 shows that the multiple NR-PDCCH case significantly outperforms the single NR-PDCCH case in UPT performance. Note that ideal-backhaul is considered for these results, for non-ideal backhaul links the performance of the single NR-PDCCH case would further deteriorate since the scheduling information needs to transmit via such links. Therefore, the performance gain would be more prominent with non-ideal backhaul links. The detailed simulation assumptions are specified in Appendix.
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Figure 1 Comparison of single and multiple NR-PDCCH(s)
· Flexible network planning: As TRPs within an NR cell can be connected via not only ideal backhaul links, but also via non-ideal backhaul links.  In such cases, multi-TRP cooperation can be used to improved UE experience, regardless of backhaul conditions and without handover within the cell. 
· Benefits in beam-based transmission: As multiple NR-PDCCH and independent scheduling without data sharing allow for multiple independent links (in terms of control and data transmissions) between UE and multiple TRPs, the following benefits in beam-based transmission can be realized. 
· Maintain connection: With multiple independent links, this can provide stability for medium/high frequency band, e.g. in case a given link is blocked or fails, another one can be readily used to maintain the connection. In such frequency bands, the link blockage and coverage can be a serious issue. Hence, maintaining multiple independent links can reduce the probability of blockage. 
· Flexible ACK/NACK transmission: One-to-one mapping between NR-PDCCH and ACK/NACK transmission can be realized and useful in beam-based transmission to overcome beam blockage problem.  

· Other benefits: The benefits of independent scheduling discussed earlier for low frequency can also be extended to high frequency, e.g. no sharing of beam information between TRPs, especially in non-ideal backhaul.    
Based on the above benefits of multiple NR-PDCCH, we have the following proposal.  
Proposal 1: NR supports the reception of multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier

2 NR-PDCCH detection complexity reduction
To reduce the UE complexity in monitoring/processing multiple NR-PDCCH in terms of the number of blind detections, the following methods can be used.
· Configure the maximal number of multiple NR-PDCCH containing UE-specific DCIs to a UE by L3/L2 signaling. The blind detection can be terminated when such number of NR-PDCCH have been successfully decoded. If the number of NR-PDCCH a UE expected to decode is not known, then the UE will have to perform blind detection for all possibilities across the UE-specific search space(s). However, the actual number of NR-PDCCH can dynamically change with the scheduling result and cannot be obtained when independent scheduling is used in non-ideal backhaul condition. Therefore, a good tradeoff between the signaling overhead and the UE complexity is to inform the UE of the maximum number of NR-PDCCHs it is expected to decode during a period of time. The configuration of the signaling is for further study. This method can well 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.
· Configure a subset of aggregation levels per NR-PDCCH for a UE. For a cell-edge UE with similar path losses from different TRPs, the UE can be configured with a subset of high aggregation levels (e.g. 4, 8, or values higher than those specified in LTE). For UE experiencing imbalanced path losses from different TRPs, the UE can be configured with lower aggregation levels (e.g. 1, 2) to receive one NR-PDCCH and higher aggregation levels (e.g. 4, 8) to receiver another NR-PDCCH. 
· Other method such as considering the resource mapping of multiple NR-PDCCH, i.e. mapping multiple NR-PDCCH to CCE(s). In order to maintain NR-PDCCH decoding performance to a certain level, multiple NR-PDCCH for a UE s should map on different CCEs. Therefore, an assignment rule should be aligned among the coordinating TRPs. For this rule, a design principle is to avoid impacting the behavior of UE or increasing the number of blind detections. 
Proposal 2: To reduce NR-PDCCH detection complexity, NR supports the following methods: 
· Signaling  the maximum number of multiple NR-PDCCH containing UE-specific DCIs via L3/L2 signaling
· Configuring a subset of supported aggregation levels for each NR-PDCCH via high-layer signaling

· Other method can be considered, e.g. the assignment rule for multiple NR-PDCCH 
3 Conclusions
In this contribution, we have highlighted the benefits of multiple PDCCHs reception and addressed the complexity reduction of NR-PDCCH detection. Based on the above considerations, we have the following proposals.  
Proposal 1: NR supports the reception of multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier 

Proposal 2: To reduce NR-PDCCH detection complexity, NR supports the following methods: 

· Signaling  the maximum number of multiple NR-PDCCH containing UE-specific DCIs via L3/L2 signaling

· Configuring a subset of supported aggregation levels for each NR-PDCCH via high-layer signaling

· Other method can be considered, e.g. the assignment rule for multiple NR-PDCCH 
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Appendix 
Table 1: Simulation assumptions for evaluation of single NR-PDCCH and multiple NR-PDCCHs
	Parameters
	Dense Urban (Macro layer)

	Carrier frequency
	4GHz

	Subcarrier spacing
	15kHz

	System Bandwidth
	10MHz

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	ISD
	200m

	Minimum distance
	35m

	Channel model
	3D UMa

	TP Tx power
	41dBm/10MHz

	TP antenna configuration
	θetilt=104 degree

	
	X-pol (+/-45), (dH, dV) = (0.5, 0.8) λ,
 (M, N, P, Mg, Ng) = (2,2,2,1,1)

	TP antenna height
	25m

	UE antenna configuration
	Cross Pol
(M, N, P, Mg, Ng) = (1,2,2,1,1)

	UE antenna pattern
	Omni-directional

	UE antenna height
	1.5m

	UE antenna gain
	0dBi

	UE receiver noise figure
	9dB

	UE dropping
	indoor UE 80%, outdoor UE 20%

	UE speed
	indoor UE 3km/h, outdoor UE 30km/h

	UE receiver
	Single NR-PDCCH: MMSE-IRC
Multiple NR-PDCCH: IRC+SIC

	Association of UE to TRP
	RSRP for intra-frequency
attach to 2 TRPs with highest RSRPs

	Transmission scheme
	SU-MIMO/MU-MIMO

	Traffic model
	FTP traffic model 1, S=0.5Mbytes

	Traffic load
	20%, 40%, 60%

	Handover margin
	3dB

	Backhaul link delay
	0ms


