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Introduction
In [1], a new Rel17 WI on NR Dynamic spectrum sharing (DSS) was approved with below objectives

This work item is limited to FR1, and includes the following objectives for NR Dynamic Spectrum Sharing (DSS):
· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell
· 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
· [bookmark: _Hlk27038352]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

In this document, we discuss study on “PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI” and provide analysis and performance evaluations based on the agreed evaluation scenarios from last RAN1 meeting.
Discussion
High level design aspects
In current Rel-15/16 framework, a PDCCH can schedule PDSCH on only one cell using DCI formats 1-0/1-1/1-2. In case of self-carrier scheduling, the PDCCH and PDSCH are received on the same serving cell. For cross-carrier scheduling, a PDCCH is received on a scheduling cell (cell A) and the corresponding PDSCH may be received on a scheduled cell which may be same as the scheduling cell (cell A) or on another cell (cell B). 
For single DCI scheduling PDSCH on two cells, one PDCCH DCI format on the scheduling cell (e.g. cell A) has to schedule a PDSCH e.g. for the scheduling cell (cell A) and also one other PDSCH for another scheduled cell (cell B). As stated in the study objectives, the increase in DCI size should be minimized for the PDCCH DCI format with single DCI.
Below we list some aspects that need to be considered in the study
1. When single DCI is used to schedule PDSCH on two cells, whether the two scheduled cells are allowed to have different configuration for at least the following attributes:
a. Numerology used on each scheduled cell
b. Channel BW (and BWP BW) of each scheduled cell
c. MIMO configuration of each scheduled cell
d. HARQ processes/TBs/MCSs of each scheduled cell
e. FDRA/TDRA (including type) used for each scheduled cell
2. When single DCI is used to schedule PDSCH on two cells, whether the corresponding DCI format always schedules PDSCH on both cells, or whether it is also used to schedule single cell PDSCH.
3. When UE monitors the DCI format for single DCI scheduling PDSCH on two cells, whether the UE can be configured to also monitor existing DCI format(s) scheduling PDSCH on single cell (i.e. 1-0/1-1/1-2).
4. Handling DCI size budget and DCI size-matching when UE is configured to monitor the DCI format for single DCI scheduling PDSCH on two cells.   
5. [bookmark: _Hlk61806113]Whether the DCI format supports the functionality of all the DCI fields specified for existing DCI formats or whether it supports only a limited subset of DCI fields. 
6. [bookmark: _Hlk61806266]For each DCI field of the DCI format, whether the DCI field jointly indicates the functionality for both PDSCH or whether separate DCI fields for each PDSCH are used.

CA is a native feature of NR supported from Rel15 and it is used for aggregating carriers with a wide variety of attributes depending on the specific deployment scenario. This flexibility provided by CA should be retained even when single DCI scheduling PDSCH on two cells (or mc-DCI) is used. For mc-DCI to have no loss of scheduling flexibility compared to separate DCI per cell, most fields (in DCI 1-1 format) corresponding to each cell have to be replicated in the mc-DCI, except mainly the CRC field which can be common. Certain other fields can be common such as TPC command for PUCCH, PUCCH resource indicator, PDSCH-to-HARQ ACK timing, and potentially DAI fields – in principle this assumes that there is a common feedback timing for both PDSCHs scheduled by the mc-DCI, which is not necessarily true in all cases (e.g. URLLC), but could potentially be OK for eMBB scenario.
For mc-DCI to have no loss of scheduling flexibility compared to independent DCI per cell, at least the following assumptions should be satisfied:
· Numerologies of the two scheduled cells should be independent
· Channel BWs (and BWP BW) of the two scheduled cells should be independent
· MIMO configuration of the two scheduled cells should be independent
· HARQ processes/MCSs used for each scheduled cell should be independent
· FDRA/TDRA (including type) used for each scheduled cell should be independent
· mc-DCI should support the functionality of all the DCI fields specified for existing DCI formats 
For each DCI field of the DCI format, separate DCI field per cell is used, except for the following fields which can be common for the two scheduled PDSCHs
· Downlink assignment index 
· TPC command for scheduled PUCCH 
· PUCCH resource indicator
· PDSCH-to-HARQ-feedback timing indicator
An example DCI format 1-1 contents for two cells, and a corresponding potential mc-DCI contents is shown in Annex C. A single DCI scheduling single cell has roughly 60-bit payload, while a single DCI scheduling PDSCH on two cells would need ~96bit payload, with above assumptions. Further mc-DCI payload reduction to e.g. 84 or 72 bits would lead to loss in scheduling flexibility, which would be undesirable. 
Observation 1
· For mc-DCI to have no loss of scheduling flexibility compared to independent DCI per cell, at least the following assumptions should be satisfied for mc-DCI based operation:
· Numerologies of the two scheduled cells are independent
· Channel BWs (and BWP BW) of the two scheduled cells are independent
· MIMO configuration of the two scheduled cells are independent
· HARQ processes/MCSs used for each scheduled cell are independent
· FDRA/TDRA (including type) used for each scheduled cell are independent
· mc-DCI should support the functionality of all the DCI fields specified for existing DCI formats 

Performance Evaluation
The agreements in RAN1#103-e on simulation assumptions for mc-DCI are listed in Annex B. Based on the agreements, we performed evaluations for the following scenarios
· Scenario 1: Cross-carrier scheduling from a 2 GHz carrier, 15 kHz SCS, 2 Tx, 2 Rx, 20 MHz carrier BW, 2-symbol CORESET with 96RBs
· Scenario 2: Cross-carrier scheduling from a 4 GHz carrier, 30 kHz SCS, 4 Tx, 4 Rx, 100 MHz carrier BW, 1-symbol CORESET with 270RBs
· Scenario 3: Cross-carrier scheduling from a 700 MHz carrier, 15 kHz SCS, 2 Tx, 2 Rx, 10 MHz carrier BW, 3-symbol CORESET with 48RBs
· Scenario 4: Cross-carrier scheduling from a 4 GHz carrier, 30 kHz SCS, 4 Tx, 4 Rx, 40 MHz carrier BW, 2-symbol CORESET with 96RBs
The main expected benefit of mc-DCI is reduced DCI overhead. This in turn is expected to improve PDCCH efficiency (e.g. schedule users with fewer control channel resources) and consequently overall spectral efficiency. 

We first note that the NW may schedule single or multiple PDSCHs per slot for a UE based on several factors including available slots for NR scheduling on a given carrier, data in the buffer, the channel conditions, NW loading and HARQ retransmission activity of each serving cell.

Observation 2
· For a CA scenario with e.g. two serving cells, the NW may choose to schedule any of following cases for a given UE based on available slots for NR scheduling on a given carrier, data in the buffer, channel conditions, NW loading and HARQ retransmission activity of each serving cell 
1. PDSCH on cell 1 only
2. PDSCH on cell 2 only
3. PDSCH on cell 1 and cell 2
4. No PDSCH scheduled
· Gains from 1 DCI scheduling 2 PDSCHs (i.e., mc-DCI) are only available for Case 3 above

To estimate the gains for Case 3 above, we evaluate the DCI blocking performance of scheduling PDSCHs using two 60-bit legacy DCIs scheduling one PDSCH each vs. using a single 96-bit mc-DCI scheduling two PDSCHs according to the payload sizes agreed for evaluation in RAN1#103-e. Sample DCI payload assumptions for the DCI payloads that are close to these sizes are shown in Annex C. 
 Table 1 below shows the simulated cases. The row index in the top row refers to the rows in Table 2 to Table 5 (that show the blocking performance for different scenarios).
[bookmark: _Ref61509911]Table 1 – Description of Cases evaluated for blocking
	
	legacy-X 
	mc-dci-X
	mc-dci-Y1
	mc-dci-Y2

	DL #DCIs per UE in each slot and DCI size (without CRC)
	Two 60-bit DCIs
	One 96-bit mc-DCI
	One 96 bit mc-DCI
	One 96 bit mc-DCI

	#total CCEs available
	X as in scenario definition
	X as in scenario definition
	Y1=0.75X of the CCEs as in the scenario definition
	Y2=0.5X of the CCEs as in the scenario definition[footnoteRef:2] [2:  Not included for Scenario 3 as 24*0.5=12 CCEs would not allow the use of AL 16 ] 


	Search Space BDs per DCI
 [AL1 AL2 AL4 AL8 AL16]
	[6 5 4 2 1]
	[0 8 4 4 2] for 96 bits
[6 5 4 2 1] for 84 bits[footnoteRef:3] [3:  Note: Results with 84-bit payload are also shown for reference in Tables A-14 to A-17 in Annex A] 

	 [0 8 4 4 2] for 96 bits
[6 5 4 2 1] for 84 bits
	 [0 8 4 4 2] for 96 bits
[6 5 4 2 1] for 84 bits



‘legacy-X’ case corresponds to current cross-carrier scheduling, where two cells are scheduled with separate DCIs in a CORESET with X total CCEs. ‘mc-dci-X’, ‘mc-dci-Y1’, ‘mc-dci-Y2’ cases correspond to the cases of single DCI scheduling two PDSCHs in a CORESET with total X, Y1, Y2 CCEs respectively. For all the simulated cases, we also model UL grants with assumption that there is a 50 % chance per UE that a DCI carrying an UL grant with 60 bit DCI size is sent.
[bookmark: _Ref61359696]Table 2  – Scenario 1 (20MHz BW, 2GHz scheduling cell)
Fraction of DCIs blocked per slot for 60-bit legacy DCI vs. 96-bit mc-DCI
	 
	1UE
	2UEs
	3UEs
	4UEs
	5UEs
	6UEs
	7UEs
	8UEs
	9UEs
	10UEs

	legacy-32
	0.01
	0.02
	0.03
	0.05
	0.07
	0.10
	0.14
	0.18
	0.23
	0.27

	mc-dci-32
	0.00
	0.00
	0.01
	0.02
	0.03
	0.05
	0.07
	0.10
	0.13
	0.17

	mc-dci-24
	0.00
	0.01
	0.02
	0.04
	0.07
	0.10
	0.15
	0.20
	0.26
	0.32

	mc-dci-16
	0.00
	0.04
	0.07
	0.12
	0.18
	0.25
	0.33
	0.40
	0.46
	0.51



Table 3  – Scenario 2 (100MHz BW, 4GHz scheduling cell)
Fraction of DCIs blocked per slot for 60-bit legacy DCI vs. 96-bit mc-DCI
	 
	1UE
	2UEs
	3UEs
	4UEs
	5UEs
	6UEs
	7UEs
	8UEs
	9UEs
	10UEs

	legacy-45
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	mc-dci-45
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	mc-dci-32
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.02

	mc-dci-22
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.02
	0.05
	0.11
	0.19



Table 4  – Scenario 3 (10MHz BW, 700MHz scheduling cell)
Fraction of DCIs blocked per slot for 60-bit legacy DCI vs. 96-bit mc-DCI
	 
	1UE
	2UEs
	3UEs
	4UEs
	5UEs
	6UEs
	7UEs
	8UEs
	9UEs
	10UEs

	legacy-24
	0.02
	0.05
	0.09
	0.16
	0.23
	0.30
	0.36
	0.43
	0.48
	0.51

	mc-dci-24
	0.01
	0.02
	0.05
	0.09
	0.13
	0.18
	0.24
	0.29
	0.34
	0.40

	mc-dci-18
	0.02
	0.05
	0.10
	0.16
	0.23
	0.29
	0.37
	0.43
	0.48
	0.54



Table 5 – Scenario 4 (40MHz BW, 4GHz scheduling cell)
Fraction of DCIs blocked per slot for 60-bit legacy DCI vs. 96-bit mc-DCI
	 
	1UE
	2UEs
	3UEs
	4UEs
	5UEs
	6UEs
	7UEs
	8UEs
	9UEs
	10UEs

	legacy-32
	0.00
	0.00
	0.00
	0.01
	0.01
	0.01
	0.02
	0.03
	0.04
	0.06

	mc-dci-32
	0.00
	0.00
	0.00
	0.00
	0.01
	0.01
	0.01
	0.01
	0.02
	0.04

	mc-dci-24
	0.00
	0.00
	0.00
	0.00
	0.01
	0.02
	0.03
	0.05
	0.10
	0.17

	mc-dci-16
	0.00
	0.01
	0.01
	0.02
	0.04
	0.09
	0.18
	0.26
	0.33
	0.39



Tables 2 to 5 above show the blocking performance for the four scenarios. Considering for example scenario 1 (20MHz BW, 2GHz scheduling cell) and the 5UE case, 7% of DCI s are blocked with two legacy DCI and 32 available CCEs. With mc-DCI, equivalent blocking can be achieved with 24 CCEs. For the same case, if only 16 CCEs are provisioned with mc-DCI, the blocking is much higher compared to two legacy DCIs with full CCE provisioning (18% vs 7%). 

We observe the following from the results

· For scenario 2 (i.e., 100MHz mid-band carrier used for scheduling PCell PDSCH/PUSCH on a low-band DSS carrier), 
· the blocking probability for scheduling up to 10 UEs is close to zero even for baseline case of two legacy DCIs in 45CCEs (i.e., 1 symbol CORESET). Given this, using mc-DCI is not expected to provide performance gains for this scenario.
 
· For scenario 4 (i.e., 40MHz mid-band carrier used for scheduling PCell PDSCH/PUSCH on a low-band DSS carrier), 
· the blocking performance of mc-DCI with reduced CCE allocation i.e., 24/16 CCE cases is worse compared to baseline case (i.e., legacy DCI in 32 CCEs, 2 symbol CORESET). Given this the possible CCE reduction is quite small. Also, for most loading scenarios the performance of legacy DCI based scheduling has low blocking probability. Given this, using mc-DCI is not expected to provide performance gains for this scenario

· For scenarios 1 and 3 (i.e., 10MHz or 20MHz low-band carrier used for scheduling PCell PDSCH/PUSCH on another low-band DSS carrier), 
· in slots where PDSCH is scheduled on both cell 1 and cell 2, mc-DCI can achieve similar blocking performance as baseline case with reduced CCE allocation. The amount of possible CCE reduction depends on loading and available CCEs, i.e., 32->24 CCEs for scenario 3 or low load scenario 1, 32 -> ~28CCEs (i.e., between 24 and 32 CCEs as indicated by Table 2) for high load scenario 1. If CCE allocation is reduced any further, performance of mc-DCI is worse. 
· Taking scenario 1 as an example, 32 -> 24CCE reduction or 32 ->28 CCE reduction corresponds effectively to 1/2 to 1/4th of a symbol worth of control channel resource reduction. With 10 symbols available for data (assuming DMRS occupying two symbols), and with optimistic assumption that rate-matching of PDSCH around PDCCH can reclaim all the saved resources (which is unlikely when there are other DCIs in the Coreset), and that there is no performance loss due to lower flexibility when scheduling with mc-DCI -- saving 1/2 to 1/4th of a symbol corresponds to an overhead reduction of 2.5% -5% in slots where cell 1 schedules PDSCH on both cell1 and cell2 (i.e., slots with two-PDSCH scheduling). Then for overall overhead reduction, if it is assumed that 50% of slots have two-PDSCH scheduling (another optimistic assumption for a scenario with two narrow-band carriers with one them shared with LTE), the overhead savings would be 1.25%-2.5%. In summary, even for somewhat extreme scenario of a narrow bandwidth low band carrier scheduling another carrier, expected performance gains of mc-DCI are marginal with optimistic assumptions, and under realistic assumptions, no gains are expected.


Observation 3
· For scenario 1 (i.e., 20MHz carrier at 2GHz used for scheduling PCell PDSCH/PUSCH on another low-band DSS carrier), 
· in slots where PDSCH is scheduled on both cell1 and cell 2, mc-DCI can achieve similar blocking performance as baseline case with reduced CCE allocation. The amount of possible CCE reduction depends on loading, i.e., 8 CCEs for low load and smaller for higher loads. If CCE allocation is reduced any further, performance of mc-DCI is worse. 

· Assuming 50% of slots have two-PDSCH scheduling with cell1 scheduling both cell1 and cell2 (optimistic assumption for scenario 1 when one of the scheduled carriers is shared with LTE), and 10symbols available for data scheduling on scheduling cell (2 DMRS symbols), an overhead reduction of < 2.5% is expected with other optimistic assumptions that rate-matching of PDSCH around PDCCH can reclaim all the saved resources (which is unlikely when there are other DCIs in the Coreset), and that there is no performance loss due to lower flexibility when scheduling with mc-DCI. Under realistic assumptions, no gains are expected.

Observation 4
· For scenario 2 (i.e., 100MHz mid-band 4GHz carrier used for scheduling PCell PDSCH/PUSCH on a low-band DSS carrier), 
· using mc-DCI is not expected to provide performance gains as the blocking for scheduling up to 10 UEs is close to zero even for baseline case of two legacy DCIs.

As seen from the results for scenarios 1 and 2, mc-DCI is not expected to provide gains for cases where a SCell on mid-band carrier is used for scheduling PCell PDSCH/PUSCH on a low band DSS carrier. In our view these scenarios are the most relevant scenarios. Even for extreme scenarios 1,3, the performance gains of mc-DCI are marginal with optimistic assumptions and under realistic assumptions no gains are expected.

Observation 5
· Evaluations indicate that single DCI scheduling PDSCH on two cells (mc-DCI) provides marginal or no performance gains.

Conclusions
In this document we discuss the study on “PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI” and make the following observations.

Observation 1
· [bookmark: _GoBack]For mc-DCI to have no loss of scheduling flexibility compared to independent DCI per cell, at least the following assumptions should be satisfied:
· Numerologies of the two scheduled cells are independent
· Channel BWs (and BWP BW) of the two scheduled cells are independent
· MIMO configuration of the two scheduled cells are independent
· HARQ processes/MCSs used for each scheduled cell are independent
· FDRA/TDRA (including type) used for each scheduled cell are independent
· mc-DCI should support the functionality of all the DCI fields specified for existing DCI formats 

Observation 2
· For a CA scenario with e.g. two serving cells, the NW may choose to schedule any of following cases for a given UE based on available slots for NR scheduling on a given carrier, data in the buffer, channel conditions, NW loading and HARQ retransmission activity of each serving cell 
1. PDSCH on cell 1 only
2. PDSCH on cell 2 only
3. PDSCH on cell 1 and cell 2
4. No PDSCH scheduled
· Gains from 1 DCI scheduling 2 PDSCHs (i.e., mc-DCI) are only available for Case 3 above

Observation 3
· For scenario 1 (i.e., 20MHz carrier at 2GHz used for scheduling PCell PDSCH/PUSCH on another low-band DSS carrier), 
· in slots where PDSCH is scheduled on both cell1 and cell 2, mc-DCI can achieve similar blocking performance as baseline case with reduced CCE allocation. The amount of possible CCE reduction depends on loading, i.e., 8 CCEs for low load and smaller for higher loads. If CCE allocation is reduced any further, performance of mc-DCI is worse. 

· Assuming 50% of slots have two-PDSCH scheduling with cell1 scheduling PDSCH on both cell1 and cell2 (optimistic assumption for scenario 1 if one of the scheduled carriers is shared with LTE), and 10 symbols available for data scheduling on scheduling cell (2 DMRS symbols), an overhead reduction of < 2.5% is expected with other optimistic assumptions that rate-matching of PDSCH around PDCCH can reclaim all the saved resources (which is unlikely when there are other DCIs in the Coreset), and that there is no performance loss due to lower flexibility when scheduling with mc-DCI. Under realistic assumptions, no gains are expected.

Observation 4
· For scenario 2 (i.e., 100MHz mid-band 4GHz carrier used for scheduling PCell PDSCH/PUSCH on a low-band DSS carrier), 
· using mc-DCI is not expected to provide performance gains as the blocking performance for scheduling up to 10 UEs is close to zero even for baseline case of two legacy DCIs.

Observation 5
· Evaluations indicate that single DCI scheduling PDSCH on two cells (mc-DCI) provides marginal or no performance gains.
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Annex A – Additional Evaluation Results

[bookmark: _Ref61361204]Table A-6 SNR requirements (in dB) for 1% BLER, based on the link level simulations, scenario 1.
	DCI size
	AL 1
	AL 2
	AL 4
	AL 8
	AL 16

	60 bit
	12.6
	5.3
	0.4
	-3.8
	-6.8

	72 bit
	14.5
	6.4
	1.0
	-3.3
	-6.2

	84 bit
	17.4
	7.4
	1.6
	-2.7
	-5.8

	96 bit
	N/A
	8.1
	2.0
	-2.3
	-5.4

	108 bit
	N/A
	8.8
	2.7
	-1.9
	-5.1



Table A-7 SNR requirements (in dB) for 1% BLER, based on the link level simulations, scenario 2.
	DCI size
	AL 1
	AL 2
	AL 4
	AL 8
	AL 16

	60 bit
	5.8
	0.3
	-3.0
	-6.6
	-9.4

	72 bit
	7.6
	1.3
	-2.3
	-6.2
	-9.1

	84 bit
	10.6
	1.8
	-2.0
	-5.9
	-8.7

	96 bit
	N/A
	2.8
	-1.2
	-5.3
	-8.3

	108 bit
	N/A
	3.6
	-1.0
	-5.1
	-8.1



Table A-8 SNR requirements (in dB) for 1% BLER, based on the link level simulations, scenario 3.
	DCI size
	AL 1
	AL 2
	AL 4
	AL 8
	AL 16

	60 bit
	12.0
	4.1
	-0.6
	-3.5
	-6.8

	72 bit
	13.7
	5.4
	-0.1
	-3.1
	-6.2

	84 bit
	16.3
	6.1
	0.7
	-2.6
	-5.9

	96 bit
	N/A
	7.0
	1.1
	-2.1
	-5.3

	108 bit
	N/A
	8.2
	1.7
	-1.6
	-5.0



Table A-9 SNR requirements (in dB) for 1% BLER, based on the link level simulations, scenario 4.
	DCI size
	AL 1
	AL 2
	AL 4
	AL 8
	AL 16

	60 bit
	7.5
	1.0
	-4.0
	-6.1
	-9.1

	72 bit
	8.9
	1.8
	-3.3
	-5.5
	-8.5

	84 bit
	11.9
	2.6
	-2.9
	-5.1
	-8.2

	96 bit
	N/A
	3.3
	-2.4
	-4.5
	-7.8

	108 bit
	N/A
	3.8
	-2.1
	-4.2
	-7.4




Table A-10 UE distribution per AL level and DCI size based on SINR from system level simulation, scenario 1.
	DCI size
	AL 1
	AL 2
	AL 4
	AL 8
	AL 16
	Outside coverage

	60 bit
	0.55
	0.28
	0.11
	0.04
	0.01
	0.01

	72 bit
	0.48
	0.31
	0.14
	0.04
	0.02
	0.02

	84 bit
	0.38
	0.39
	0.16
	0.05
	0.02
	0.02

	96 bit
	0
	0.74
	0.18
	0.06
	0.02
	0.02

	108 bit
	0
	0.71
	0.19
	0.07
	0.02
	0.02



Table A-11 UE distribution per AL level and DCI size based on SINR from system level simulation, scenario 2.
	DCI size
	AL 1
	AL 2
	AL 4
	AL 8
	AL 16
	Outside coverage

	60 bit
	0.93
	0.06
	0.01
	<0.01
	<0.01
	<0.01

	72 bit
	0.89
	0.09
	0.02
	<0.01
	<0.01
	<0.01

	84 bit
	0.79
	0.19
	0.02
	<0.01
	<0.01
	<0.01

	96 bit
	0
	0.97
	0.02
	0.01
	<0.01
	<0.01

	108 bit
	0
	0.96
	0.03
	0.01
	<0.01
	<0.01



Table A-12 UE distribution per AL level and DCI size based on SINR from system level simulation, scenario 3.
	DCI size
	AL 1
	AL 2
	AL 4
	AL 8
	AL 16
	Outside coverage

	60 bit
	0.41
	0.33
	0.16
	0.07
	0.03
	0.07

	72 bit
	0.34
	0.35
	0.21
	0.08
	0.03
	0.07

	84 bit
	0.26
	0.41
	0.21
	0.09
	0.04
	0.07

	96 bit
	0
	0.62
	0.24
	0.09
	0.05
	0.08

	108 bit
	0
	0.57
	0.28
	0.09
	0.05
	0.08



[bookmark: _Ref61361213]Table A-13 UE distribution per AL level and DCI size based on SINR from system level simulation, scenario 4.
	DCI size
	AL 1
	AL 2
	AL 4
	AL 8
	AL 16
	Outside coverage

	60 bit
	0.87
	0.10
	0.02
	<0.01
	<0.01
	<0.01

	72 bit
	0.82
	0.14
	0.03
	0.01
	<0.01
	<0.01

	84 bit
	0.72
	0.24
	0.03
	0.01
	<0.01
	<0.01

	96 bit
	0
	0.95
	0.04
	0.01
	0.01
	<0.01

	108 bit
	0
	0.95
	0.04
	0.01
	0.01
	<0.01



Table A-14  – Blocking performance (fraction of DCIs blocked per slot) with 84-bit mc-DCI, scenario 1
	 
	1UE
	2UEs
	3UEs
	4UEs
	5UEs
	6UEs
	7UEs
	8UEs
	9UEs
	10UEs

	legacy-32
	0.01
	0.02
	0.03
	0.05
	0.07
	0.10
	0.14
	0.18
	0.23
	0.27

	mc-dci-32
	0.00
	0.01
	0.01
	0.02
	0.03
	0.04
	0.06
	0.08
	0.10
	0.13

	mc-dci-24
	0.00
	0.01
	0.02
	0.03
	0.06
	0.09
	0.12
	0.16
	0.20
	0.25

	mc-dci-16
	0.01
	0.04
	0.07
	0.11
	0.16
	0.20
	0.26
	0.31
	0.36
	0.41



Table A-15 – Blocking performance (fraction of DCIs blocked per slot) with 84-bit mc-DCI, scenario 2
	 
	1UE
	2UEs
	3UEs
	4UEs
	5UEs
	6UEs
	7UEs
	8UEs
	9UEs
	10UEs

	legacy-45
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	mc-dci-45
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	mc-dci-33
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	mc-dci-22
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.01
	0.02
	0.03



Table A-16– Blocking performance (fraction of DCIs blocked per slot) with 84-bit mc-DCI, scenario 3
	 
	1UE
	2UEs
	3UEs
	4UEs
	5UEs
	6UEs
	7UEs
	8UEs
	9UEs
	10UEs

	legacy-24
	0.02
	0.05
	0.09
	0.16
	0.23
	0.30
	0.36
	0.43
	0.48
	0.51

	mc-dci-24
	0.01
	0.02
	0.04
	0.07
	0.11
	0.16
	0.20
	0.25
	0.30
	0.35

	mc-dci-18
	0.01
	0.05
	0.10
	0.14
	0.20
	0.26
	0.32
	0.37
	0.42
	0.47



[bookmark: _Ref61509424]Table A-17 – Blocking performance (fraction of DCIs blocked per slot) with 84-bit mc-DCI, scenario 4
	 
	1UE
	2UEs
	3UEs
	4UEs
	5UEs
	6UEs
	7UEs
	8UEs
	9UEs
	10UEs

	legacy-32
	0.00
	0.00
	0.00
	0.01
	0.01
	0.01
	0.02
	0.03
	0.04
	0.06

	mc-dci-32
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.01
	0.01
	0.01

	mc-dci-24
	0.00
	0.00
	0.00
	0.00
	0.01
	0.01
	0.01
	0.02
	0.03
	0.06

	mc-dci-16
	0.00
	0.01
	0.01
	0.01
	0.02
	0.03
	0.05
	0.08
	0.12
	0.17



Annex B – Agreements for Evaluation Assumptions
Agreements:
· For the study on single DCI scheduling PDSCH on two cells 
· Consider the following scenarios as baseline for evaluation 
· UE configured with Inter-band CA with PCell and an SCell 
· PCell for the UE is operated on a DSS carrier (i.e.,  same carrier is also used for serving LTE users)
· Case 1: Different SCS for PCell and SCell
· Case 2: Same SCS for PCell and Scell
· Additional scenarios can also be evaluated, e.g. as below 
· Intra-band CA case with multiple serving cells having same SCS (all cells operated on non DSS carriers)
· Inter-band CA case with PCell and more than one SCell (at least the SCells are operated on non DSS carriers)
· Note: other combinations not precluded
· Note: Further details of evaluation framework (including carrier BW, slot format etc.) to be discussed in next stage


[bookmark: _Ref61362278]Table A-18 Link level simulation assumptions
	Parameters
	Values

	Carrier frequency
	Option 1: 
Inter-band CA (700MHz + 4GHz)
Intra-band CA (2GHz)
 
Option 2:
Only 4GHz is considered

	SCS
	15 kHz for 700MHz/2GHz
30 kHz for 4GHz

	Bandwidth 
	Option 1:
Baseline: PCell 10MHz + SCell 10/40MHz
Optional: PCell 20MHz + SCell 20/40/100MHz
 
Option 2:
Baseline: Scheduling cell 100 MHz
Optional: Scheduling cell 20 MHz

	Channel model
	TDL-C

	Delay spread
	300 ns

	Number of symbols for CORESET
	[1], 2 or 3

	CORESET BW (contiguous PRB allocation)
	24/48/96 RBs depending on the bandwidth 

	CCE-to-REG mapping
	Interleaved, [non-interleaved]

	REG bundle size
	6

	Interleaver size
	2

	DCI payload size (excluding CRC)
	Single PDSCH scheduling: 60 bits as baseline payload size
Multi-cell PDSCH scheduling: 72/84/96/104 bits

	BLER target for multi-cell scheduling DCI
	Option 1: 1%
Option 2: 0.5%

	Number of BS antennas
	2 Tx for 700MHz/2GHz carrier frequency 
4 Tx for 4GHz

	Number of UE antennas
	2 Rx for 700MHz/2GHz carrier frequency
4 Rx for 4GHz carrier frequency

	Modulation
	QPSK

	Channel coding
	Polar code

	UE speed
	3km/h

	Aggregation level
	1/2/4/8/16

	Tx Diversity
	One port precoder cycling


Note 1: For two-cell scheduling via a single DCI, PDCCH transmitted on SCell schedules one PDSCH on the SCell and another PDSCH on PCell.
Note 2: For comparison, for single-cell scheduling, one PDCCH transmitted on SCell schedules one PDSCH on the SCell via self-scheduling and another PDCCH transmitted on the SCell schedules another PDSCH on PCell via cross-carrier scheduling.
Further discussion which rows are applicable to the scheduling cell/the scheduled cell for PDCCH

Agreements:
Further study with below simulation assumptions:

Simulation scenarios:
· For two-cell scheduling via a single DCI, PDCCH transmitted on a first cell schedules one PDSCH on the first cell and another PDSCH on a second cell.
· For single-cell scheduling (baseline), one PDCCH transmitted on a first cell schedules one PDSCH on the first cell via self-scheduling and another PDCCH transmitted on the first cell schedules another PDSCH on a second cell via cross-carrier scheduling.
· Companies can optionally compare to the case of PDCCH transmitted on each of the two cells via self-scheduling. In this case, company should provide details on how to calculate the PDCCH blocking rate.

Simulation assumptions on carrier frequency, SCS, antenna configuration, carrier bandwidth as well as CORESET configuration
· Combination 1: 2 GHz, 15 kHz SCS, 2 Tx, 2 Rx, 20 MHz carrier BW, 2-symbol CORESET with 96RBs
· Combination 2: 4 GHz, 30 kHz SCS, 4 Tx, 4 Rx, 100 MHz carrier BW, 1-symbol CORESET with 270RBs
· [Combination 3: 700MHz, 15 kHz SCS, 2 Tx, 2 Rx, 10 MHz carrier BW, 3-symbol CORESET with 48RBs]
· [Combination 4: 4GHz, 30 kHz SCS, 4 Tx, 4 Rx, 40 MHz carrier BW, 2-symbol CORESET with 96RBs]


Payload size of two-cell scheduling DCI (excluding CRC):
· 60 for single-cell scheduling DCI (baseline).
· 72/84/96/108 for two-cell scheduling DCI.
· Companies are encouraged to report how the values are obtained, e.g., via separate or shared fields in DCI format. 

Target BLER for two-cell scheduling DCI: 1% (baseline), 0.5%(optional)
· Option 1: 1%.
· Supported by OPPO, vivo, Nokia, Qualcomm, CATT, Ericsson, Huawei, Lenovo, Intel, MediaTek
· Option 2: 0.5%.
· Supported by Samsung, LG

Regarding the CCE-to-REG mapping, based on the agreed interleaved CCE-to-REG mapping, whether to adopt non-interleaved CCE-to-REG mapping is up to the proponent.


Agreements:
· Further study with below simulation assumptions:


[bookmark: _Ref61362291]Table A-19 System level simulation assumptions
	Parameters
	Values

	Carrier frequency
	For scheduling cell, follow agreed link level simulation assumptions 
For scheduled cell, consider 700MHz/2GHz with 10/20MHz BW (LTE overhead on DSS carrier can be optionally provided, up to proponent)

	SCS
	

	Simulation bandwidth 
	

	BS antenna height
	25 m

	UE height
	1.5m 

	TRP transmit power
	46 dBm for 10MHz

	Scenario
	Urban Macro

	ISD
	500m

	TRP antenna configuration
	(M,N,P,Mg,Ng;Mp,Np)= (1,2,2,1,1;1,1) for 700MHz
(M,N,P,Mg,Ng;Mp,Np)= (2,8,2,1,1;1,1) for 2GHz
(M,N,P,Mg,Ng;Mp,Np)= (8,4,2,1,1;1,1) for 4GHz

	UE antenna configuration
	(M,N,P,Mg,Ng;Mp,Np)= (1,1,2,1,1;1,1) for 700MHz/2GHz
(M,N,P,Mg,Ng;Mp,Np)= (1,2,2,1,1;1,1) for 4GHz

	Device deployment
	80% indoor, 20% outdoor 

	UE speeds of interest
	Indoor users: 3km/h

	
	Outdoor users (in-car): 30 km/h

	BS noise figure
	5 dB

	BS antenna element gain
	8 dBi

	UE noise figure
	9 dB

	Thermal noise level
	-174 dBm/Hz

	Traffic
	Full Buffer(baseline), FTP model 1 or 3 up to company

	Macro sites
	19

	Number of UEs per cell
	10/15/20 UEs  

	Downtilt
	102°

	Minimum BS to UE distance
	35m




Annex C (Example of DCI contents for mc-DCI)

	DCI 1-1 fields
	CC1 
	CC2
	CC1+CC2
(mc-DCI)
	Comments

	Identifier for DCI formats
	1
	1
	0
	assuming identification is done separately

	Carrier indicator
	3
	3
	3
	

	BWP indicator
	1
	1
	2
	independent

	Frequency domain resource assignment
	14
	14
	28
	Independent, assuming 20 MHz cells with 106 PRBs in each cell.

	Time domain resource assignment
	2
	2
	4
	independent

	VRB-to-PRB mapping
	0
	0
	0
	assuming no VRB-to-PRB mapping 

	PRB bundling size indicator
	0
	0
	0
	assuming no PRB bundling size indication

	Rate matching indicator
	1
	1
	2
	independent

	ZP CSI-RS trigger
	1
	1
	2
	independent 

	Modulation and coding scheme, TB1 
	5
	5
	10
	independent

	New data indicator, TB1
	1
	1
	2
	independent

	Redundancy version, TB1
	2
	2
	4
	independent

	Modulation and coding scheme, TB2
	0
	0
	0
	assuming 1TB

	New data indicator, TB2
	0
	0
	0
	assuming 1TB

	Redundancy version, TB2
	0
	0
	0
	assuming 1TB

	HARQ process number 
	4
	4
	8
	independent

	Downlink assignment index 
	4
	4
	4
	DAI bits not increased

	TPC command for scheduled PUCCH 
	2
	2
	2
	assuming single PUCCH used for feedback of both PDSCHs

	PUCCH resource indicator
	3
	3
	3
	assuming single PUCCH used for feedback of both PDSCHs

	PDSCH-to-HARQ-feedback timing indicator
	3
	3
	3
	assuming a single indicator is used for both PDSCHs.

	Antenna port(s)
	4
	4
	8
	independent

	Transmission configuration indication
	2
	2
	4
	independent

	SRS request
	2
	2
	4
	independent

	CBG transmission information (CBGFI)
	0
	0
	0
	assuming CBG not configured

	CBG flushing out information (CBGFI)
	0
	0
	0
	assuming CBG not configured

	Minimum applicable scheduling offset indicator
	1
	1
	2
	independent per cell, needed for power saving

	DM-RS sequence initialization
	1
	1
	2
	independent

	 
	 
	 
	 
	 

	Number of information bits
	57
	57
	97
	 

	RNTI / CRC
	24
	24
	24
	 

	Number of information bits incl. CRC/RNTI
	79
	81
	120
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