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Introduction
In this document, we discuss further discuss the study on “PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI”.
Discussion
Evaluation results for the study were discussed in RAN1#104-e and the observations were submitted to RAN in [1]. This was further discussed in RAN1#91e (in [91E][26][DSS_scope] email thread [2]) and outcome of RAN discussion was that “…there is no agreement to start the normative work on PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI. There is no agreement to stop studying this either”
In our RAN1#104-e contribution [3], we provided our evaluation results for the study and our observations from [3] are given in Annex A as a reference. In Annex B, we provide additional simulation results for agreed Combination 1 (i.e., 20MHz carrier at 2GHz used for scheduling PCell PDSCH/PUSCH on another low-band DSS carrier). 
Overall, our evaluations indicate that single DCI scheduling PDSCH on two cells (mc-DCI) provides marginal or no performance gains under the agreed simulation framework.
Observation 1
· Evaluations under the agreed simulation framework indicate that single DCI scheduling PDSCH on two cells (mc-DCI) provides marginal or no performance gains.

Below we list some alternatives on how to handle the work for this Objective (some of these were also discussed in RAN#91e)
1. Conclude that there is no consensus on performance gains for “PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI” under the agreed simulation framework and stop further work on this Objective for Rel17.
2. Continue Rel17 work with modified WID objectives, e.g.,
a) Remove “The increase in DCI size should be minimized” from the objectives and add “Allow configuration of DCI fields for scheduling the 2 PDSCHs”
b) Limit the work to same SCS case with single DCI
c) Limit the work to intra-band case 
3. Stop further work on the Objective for Rel17 with the understanding that “PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI” can be further studied for Rel18 targeting other scenarios e.g. intra-band CA with 4/8 CCs with same SCS, including FR2.
In our view, discussions related to point 2 above (i.e., updating the WID objectives) are out of RAN1 scope and should be handled in RAN.
Our preference is to conclude based on point 1. If there is no consensus to agree on point 1, we would be OK with a conclusion along the lines of point 3 above, with the understanding that other PDCCH load reduction features such as multi-PDSCH scheduling (being specified in NR_ext_to_71GHz WI) are also considered when evaluating the benefits of this feature.
Conclusion
In this document we discuss the study on “PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI,” making the following observations and proposals:

· Evaluations under the agreed simulation framework indicate that single DCI scheduling PDSCH on two cells (mc-DCI) provides marginal or no performance gains.

· Select one of below two alternatives for concluding the study related to the objective on “PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI”

· Alt1 - Conclude that there is no consensus on performance gains for “PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI” under the agreed simulation framework and stop further work on this Objective for Rel17.

· Alt2 – Conclude to stop further Rel17 work for this objective with the understanding that 

· “PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI” can be further studied for Rel18 targeting other scenarios e.g. intra-band CA with 4/8 CCs with same SCS, including FR2, and 
· other PDCCH load reduction features such as multi-PDSCH scheduling (being specified in NR_ext_to_71GHz WI) are also considered when evaluating the benefits of this feature
References
[1] RP-210433 - “Status report for WI: Core part: NR Dynamic spectrum sharing (DSS)”, RAN#91e, March 2021.
[2] RP-210883 – “ Moderator's summary for email discussion [91E][26][DSS_scope]”, Nokia, RAN#91e, March 2021.
[3] R1-2101562 – “Study on single DCI scheduling PDSCH on multiple cells”, Ericsson, RAN1#104-e, February 2021.

Annex A
Here we provide the observations from previous evaluations submitted in our RAN1#104-e contribution [3]. Detailed simulation results are given in our RAN1#104-e contribution [3].
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:
· 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
1. 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
2. Evaluations indicate that single DCI scheduling PDSCH on two cells (mc-DCI) provides marginal or no performance gains.

Annex B
Figure B1 below shows UE throughput comparison between using legacy DC and mc-DCI assuming the agreed full-buffer traffic model. Results are shown for Combination 1/Scenario 1 (i.e., 20MHz carrier at 2GHz used for scheduling PCell PDSCH/PUSCH on another low-band carrier). The same optimistic assumptions for mc-DCI as assumed in our RAN1#104-e contribution [3] were also used in the below evaluation. i.e., 
1. For mc-DCI the CCE savings for low load as estimated in [3] (and captured in observation 3 in Annex A) are used and it is (optimistically) assumed that rate-matching of PDSCH around PDCCH can reclaim all the saved CCE resources (this is unlikely as there will be other DCIs in the Coreset and it should be considered as upper bound)
2. 50% of slots have two-PDSCH scheduling with cell1 scheduling PDSCH on both cell1 and cell2 
[image: ]
Figure B1. UE throughput for Scenario 1 (20MHz CC @2GHz used for scheduling PCell PDSCH/PUSCH on another low-band carrier)
 As seen from the results the performance difference between mc-DCI and legacy DCI is marginal (+2.5% mean tput gain for MC-DCI) even under the optimistic assumptions.
Annex C, Simulation assumptions
 
[bookmark: _Ref61362278]Table A-2 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-3 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
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