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1 Introduction
In the WID of Rel-17 NR Dynamic spectrum sharing (DSS) [1], one objective is:
· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]

· Study, and if agreed specify PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI

· The number of cells can be scheduled at once is limited to 2
· The increase in DCI size should be minimized

· Note: The total PDCCH blind decoding budget should not be changed as a result of this work

· Note: These enhancements are not specific to DSS and are generally applicable to cross-carrier scheduling in carrier aggregation

This paper provides our views on the evaluation assumptions and proposals for the study on multi-cell PDSCH scheduling via a single DCI in Rel-17. 
2 Evaluation Methodology
For performance evaluation of multi-cell PDSCH scheduling via a single DCI, we propose using the following evaluation assumptions for SLS. Since there may be concerns on PDCCH coverage, the same evaluation assumptions can be reused for LLS as much as possible and additional assumptions can be added if needed.
Table I: Evaluation Assumptions
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Deployment scenario Urban Macro

Carrier frequency (duplex) 1.8GHz (FDD) + 2.1GHz (FDD)

System bandwidth 20MHz x 2

Subcarrier spacing 15KHz

Inter-site distance 500m

Channel model SCM-UMA-3D

BLER for PDSCH 10%

PER 1%

Traffic model FTP3 with packet size = 

10/20K bytes

Scheduling PF (x-carrier scheduling for 1 

or 2 scheduled carriers)

UE number 10/20

Parameter Assumption

UE distribution (speed) 20% outdoor (30km/hr); 

80% indoor (3km/hr)

PDCCH symbols 3 for one carrier; 

0 for another

BLER for PDCCH 1%

Total DCI size and AL 

for baseline

82 bits if 1 scheduled cell;

82 bits x 2 if 2 scheduled cells;

AL = (1, 2, 4, 8, 16)

Total DCI size and AL 

for enhanced scheme

82 bits if 1 scheduled cell;

116/131 bits if 2 scheduled cells;

AL = (1, 2, 4, 8, 16)

Performance metrics

•

UPT (@40%, 60% RU)

•

System capacity (max UE 

number per cell to achieve 95% 

satisfied UEs for a given PER)


Proposal 1: Adopt the SLS evaluation assumptions shown in Table I for performance evaluation of multi-cell PDSCH scheduling via a single DCI.
Proposal 2: In addition to the SLS evaluation assumptions in Table I, UE’s scheduling should be delayed or even dropped if exceeding the DL control capacity in SLS.
3 2-stage aggregated DCI for cross-carrier scheduling

Compared to single carrier, carrier aggregation has poorer DCI scheduling efficiency. Since carrier aggregation is useful for non-contiguous spectrum, it would be beneficial to improve its DCI scheduling efficiency to be similar to single carrier.

In DSS, PCell may be in the carrier shared with LTE in lower frequency band (e.g. 2GHz) so moving scheduling DCI from PCell to SCell in higher frequency band (e.g. 4GHz) is beneficial to resolve the issue of insufficient NR DL control capacity due to LTE DL control region in PCell. However, to match the scheduled PDSCH/PUSCH coverage in lower-frequency PCell, larger aggregation level is required for scheduling PDCCH transmission in higher-frequency SCell to compensate larger pathloss. Therefore, improving DCI scheduling efficiency in carrier aggregation can also avoid potential DL control capacity exhaust in higher-frequency SCell.
To improve DCI scheduling efficiency in carrier aggregation, there are several design considerations.

· Minimal impact on PDCCH coverage
· No increase on UE blind decoding complexity

· No impact on PDCCH detection false alarm rate

· Good trade-off between DCI scheduling efficiency and scheduling flexibility

· For intra-band CA, it’s reasonable to focus more on DCI scheduling efficiency because all intra-band carriers can share the same physical-layer configuration due to similar channel properties

· For inter-band CA, it’s reasonable to focus more on scheduling flexibility because inter-band carriers may require different physical-layer configurations for better data transmission efficiency due to different channel properties
· Resolve DL capacity exhaust issue for the cross-carrier scheduling of a large number of carriers 

Based on the above design considerations, 2-stage aggregated DCI for cross-carrier scheduling is proposed as follows.
· 1st stage DCI carried in a PDCCH in a serving cell and contain the following information
· All scheduling information for one of the scheduled serving cells
· The information related to the 2nd stage DCI

· Information related to which serving cells (or carriers) are scheduled by the 2nd stage DCI

· Modulation order of the 2nd stage DCI
· Time-frequency location & size of the occupied radio resource for the 2nd stage DCI

· Antenna port of reference signal used for demodulation of 2nd stage DCI

· One set of CRC bits for the 1st stage DCI

· Same as legacy DCI

· 2nd stage DCI is carried in a specific set of resource elements in the same slot in the same serving cell (or carrier) as 1st stage DCI 
· The specific set of resource elements is indicated by 1st stage DCI and can be in DL control region only, non-DL-control region only or both regions of a slot
· 2nd stage DCI includes all necessary scheduling information for the scheduled serving cells except the one scheduled by the 1st stage DCI

· The scheduling information for the scheduled serving cells is aggregated in ascending or descending order based on the serving cell identification of each scheduled serving cell (or carrier)

· One set of CRC bits for the 2nd stage DCI

· Since no blind decoding is needed for the 2nd stage DCI and the false alarm rate is dominate by 1st stage DCI, the number of CRC bits for the 2nd stage DCI can be much smaller than that for the 1st stage DCI

· When there is no serving cell (or carrier) to be scheduled by 2nd stage DCI, 2nd stage DCI is absent
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Figure 1. Example illustration of 2-stage aggregated DCI when 2nd stage DCI is in non-DL-control region of a slot
There are several benefits to use 2-stage aggregated DCI for cross-carrier scheduling.
· UE blind decoding complexity is fixed to be the same as single carrier no matter the carrier number in CA
· DL control capacity is not limited to DL control region size of a serving cell, especially for the cross-carrier scheduling of a large number of carriers
· Allow dynamic switch between single scheduled carrier and multiple scheduled carriers

· No impact on scheduling flexibility for inter-band CA when there are different physical-layer configurations for the aggregated carriers in CA
However, due to the inclusion of the information related to 2nd stage DCI in 1st stage DCI carried in PDCCH, PDCCH coverage may be impacted. Based on our initial assessment, additional 7~9 bits may be needed in 1st stage DCI for the cross-carrier scheduling of 2 carriers.
Proposal 3: 2-stage aggregated DCI for cross-carrier scheduling should be considered in the evaluation.
4 Summary 

In this contribution, we focus on the discussions of multi-cell PDSCH scheduling via a single DCI in Rel-17 and have the following observations and proposals:
Proposal 1: Adopt the SLS evaluation assumptions shown in Table I for performance evaluation of multi-cell PDSCH scheduling via a single DCI.

Proposal 2: In addition to the SLS evaluation assumptions in Table I, UE’s scheduling should be delayed or even dropped if exceeding the DL control capacity in SLS.

Proposal 3: 2-stage aggregated DCI for cross-carrier scheduling should be considered in the evaluation.
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