
3GPP TSG RAN WG1 #103-e	        		             R1-2008196
e-Meeting, October 26th – November 13th, 2020
[bookmark: Source]Agenda item:	8.13.2
Source: 	Samsung 
Title: 				    On the use of one DCI format for scheduling on two cells
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In RANP#86, the following was included as part of the WI on dynamic spectrum sharing (DSS) [1].

	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 



Little progress was made in RAN1#102-e and the following were agreed.

	· 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 UE is operated on DSS carrier (i.e. same carrier is also used for serving LTE UEs)
· 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 with multiple serving cells having same SCS (all cells operated on non DSS carriers)
· Inter-band CA with PCell and more than one SCell (at least 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



This contribution is a revised resubmission of R1-2006177 and considers tradeoffs for specifying and supporting scheduling on one or two cells by a single DCI format. 


DCI format scheduling on two cells
The motivation for enabling a single DCI format to schedule PDSCH receptions (or PUSCH transmissions, although precluded in the WID) on two cells is PDCCH overhead reduction through a reduction in the total number of required DCI format bits. As scheduling conditions on different cells are largely independent, including for intra-band CA, link adaptation should also be independent to avoid any throughput loss that will negate any potential gain from DCI overhead reduction. Further, any new design requirements on the gNB scheduler operation should be avoided.

Observation 1: Consideration of a DCI format scheduling PDSCH receptions on two cells should avoid any throughput degradation over using two DCI formats and any new design requirements on the gNB scheduler.

For brevity, the DCI format scheduling PDSCH receptions on two cells is referred to as DCI format C2. The CRC bits are the only bits for which duplication can be directly avoided. In TDD and without scheduler restrictions, a same slot for PDSCH receptions on the two cells and a same PUCCH for respective HARQ-ACK information cannot be generally assumed. Further, to provide a same protection as for a DCI format scheduling a single PDSCH when this is also possible, the size of each DAI field in DCI format C2 needs to increase by 1 bit. Nevertheless, for DCI format C2, the case of single TPC command, PUCCH resource indicator, and PDSCH-to-HARQ feedback timing indicator, in addition to Type-2 HARQ-ACK codebook with single counter/total DAI fields having same size as for DCI format 1_1, will be considered in the evaluations for a “best-case” scenario for dual-cell scheduling.

Observation 2: For TDD operation and no scheduling restrictions, a DCI format scheduling 2 cells can avoid duplication for only the CRC bits. The size of each DAI field needs to increase by 1 bit for same protection as for DCI format 1_1.

Figure 1 presents BLER results for DCI format 1_1 and DCI format C2. Table 1 in the Appendix presents assumptions for the payload of DCI format 1_1 (84 bits) and of DCI format C2 (128 bits). Some fields can have smaller or larger values, but 84 bits is approximately typical for DCI format 1_1. Table 2 presents other LLS assumptions. Figure 2 in the Appendix presents the geometry CDF for UMa and UMi. To facilitate comparison of single-cell scheduling and dual-cell scheduling, a same BWP size is assumed although the differences would be minor if cells have different BWP sizes. 

A 1% BLER for DCI format 1_1 is equivalent to 0.5% BLER for DCI format C2 (as a missed detection for DCI format C2 will lead to two PDSCH misses). The following are observed for the case of 4 UE receiver antennas (Figure 1):
a) AL=1 CCE is possible for DCI format 1_1 but is not possible for DCI format C2
a. From the geometry CDFs, 30%-40% of UEs cannot benefit from DCI format C2. Those are also UEs with larger SINRs for which CA operation is more likely.
b) For AL=2 CCEs, there is no difference between using DCI format 1_1 and using DCI format C2 (~-0.2 dB needed for 1% BLER with DCI format 1_1, ~2.8 dB needed for 0.5% BLER with DCI format C2)
a. ~25% with SINRs between 0 dB and 3 dB require 2 CCEs for DCI format 1_1 and 4 CCEs for DCI format C2
b. For ~70% of UEs having SINR above ~0 dB, there is either no benefit from DCI format C2 (2 CCEs needed for DCI format 1_1) or DCI format C2 is disadvantageous (1 CCE needed for DCI format 1_1)
c) For AL=4 CCEs, DCI format C2 results to a benefit of ~0.6 dB over DCI format 1_1
a. This is applicable for ~15% of UEs with SINRs between -3 dB and 0 dB 
d) For AL=8 CCEs, DCI format C2 results to a benefit of ~1 dB over DCI format 1_1
a. This is applicable to about ~15% of UEs with SINR below -3 dB
e) For about ~5%-10% of UEs, some power boosting is needed for DCI format C2 but there is no major coverage shortage if the UE has 4, fully-uncorrelated, fully unblocked, receiver antennas
a. There is coverage shortage for correlated UE receiver antennas or UEs with 2 receiver antennas (Figure 3 in the Appendix). General BLER comparisons also become worse for DCI format C2 in case of correlation among UE receiver antennas, blockage, or in case of 2 UE receiver antennas (as expected since BLER for larger payloads is more sensitive to unfavorable conditions).
[image: C:\Users\qiongjie.l\Desktop\Projects\[3GPP Projects]2020\Simulations_for_Aris\PDCCH_w_large_dci\results.jpg]
Figure 1: BLER of DCI format 1_1 (84 bits) and of a DCI format scheduling PDSCH on two cells (128 bits) – 4 uncorrelated UE receiver antennas

Observation 3: DCI format size 1_1 is preferable to DCI format C2 across the geometry CDF, particularly for UEs above the 30% point of the geometry CDF which are more likely to operate with CA.

Observation 4: Coverage and relative BLER comparisons for DCI format C2 further worsen for operation under less favorable conditions such as with some correlation or blockage of UE receiver antennas or for 2 UE receiver antennas. 


As previously mentioned, the inability of DCI format C2 to offer any benefit over DCI format 1_1 is due to:
a) an inability to use 1 CCE aggregation level
b) a larger code rate for a given CCE aggregation level, and 
c) a requirement for a lower BLER operating point for DCI format C2 compared to DCI format 1_1 

The practical aspects that make introduction of a DCI format C2 unnecessary are ignored in the following and a theoretical analysis is used to determine what a maximum possible overhead gain from DCI format C2 can possibly be by considering  a direct numerical evaluation for a DCI format 1_1 of 84 bits and a DCI format C2 of 128 bits (including CRC). The additional SINR to transmit 2x84=168 bits (2 DCI formats 1_1) over 128 bits (DCI format C2) is 10log10(168/128) = 1.2 dB. Accounting for the additional 0.5 dB SINR needed for 0.5% BLER, instead of 1% BLER, the difference is 0.7 dB. It is noted that DCI format 1_2 could be used instead of DCI format 1_1 to potentially allow for a smaller size and proportionally larger benefits for DCI format C2; however, the conclusions do not materially change if a same design for the scheduling parameters on a single cell and on two cells is to be applied.

To translate the 0.7 dB gain to resource savings per slot, BLER results in Figure 1 and geometry CDFs in Figure 2 in the Appendix are used as reference (same conclusions are expected regardless of scenario for the geometry CDF). DCI format 1_1 requires 1/2/4/8/16 CCEs for ~40/30/15/12/3 percent of UEs  ~3 CCEs on average. Then, a 0.7 dB gain is equivalent to using 2.6 CCEs instead of 3 CCEs (or 5.2 CCEs for DCI format C2 instead of 6 CCEs for 2 DCI formats 1_1), on average. The saving of 0.8 CCEs is equivalent to 4.8 RBs. For a BWP of 20 MHz (100 RBs at 15 kHz in FR1), the gain is ~0.35% of the resources per slot. For DSS, the gain is smaller for a BWP larger than 20 MHz (typical for NR SCells) – e.g. the gain is 0.07% for a 100 MHz BWP. A BWP of 20 MHz is practically a minimum one in order to at least support scheduling of only a single UE from the ~15%-20% of the geometry CDF (16 CCEs are required for DCI format C2).

Observation 5: For DSS, a maximum gain in resources per slot from scheduling PDSCH on 2 cells using a single DCI format is ~0.35% for a BWP of 20 MHz and ~0.07% for a BWP of 100 MHz on the scheduling cell.


The theoretical maximum gain in resources per slot from DCI format C2 is not directly realizable in practice. The WID states that “the total PDCCH blind decoding budget” should not be changed. Although that is not meaningful for the present case, it is assumed to imply that UE implementation complexity does not increase and then one consequence is that the number of sizes for DCI formats with C-RNTI that a UE is required to monitor based on the configuration of search space sets remains equal to 3 as in Rel-16. Then, there are two alternatives:
a) The size of DCI format 0_1 is size matched to the size of DCI format 1_1. This will negate a percentage of overhead savings from introducing a DCI format C2
b) Only one of DCI format 1_1 or DCI format C2 can be configured to a UE. This will have even worse consequences in terms of overhead than size matching DCI format 0_1 and DCI format 1_1 because the UE may be scheduled on an odd number of cells in a given slot (including on a single cell).

It is practically certain that size matching DCI format 0_1 and DCI format 1_1 is preferable to not being able to use DCI format 1_1 for scheduling on an odd number of cells. For operation in FR1 (e.g. no TCI state indication, no PT-RS, …), on licensed spectrum, and without CBG configuration, the difference between DCI format 0_1 and DCI format 1_1 is about 15 bits (e.g. ~95 bits for DCI format 1_1 vs. ~80 bits for DCI format 0_1). That difference is not affected much by particular assumptions. Therefore, some of the overhead gains from DCI format C2 (depending on relative frequency of DL and UL scheduling) will be offset from the required size matching for DCI format 0_1.

Observation 6: The size matching of DCI format 0_1 with DCI format 1_1 that is required when using DCI format C2 reduces overhead savings from using DCI format C2.

Observation 7: Introduction of a DCI format scheduling PDSCH on two cells by parallelizing use of field for scheduling on a single cell does not provide any material benefit over a DCI format scheduling PDSCH on a single cell. 

A specification impact from introducing a DCI format C2 is unlikely to be contained only in the definition of a new DCI format and of its fields and may also depends on potential scheduling restrictions/modifications for determining fields and on corner cases to potentially support. For example, in its simplest form, a specification impact can be on Type-2 HARQ-ACK codebook. A detailed specification impact assessment is not pursued in this contribution. 

PDCCH blocking was not considered but it will be worse for DCI format C2 due to the requirement to use higher CCE aggregation levels despite scheduling 2 PDCCH - blocking probability is obviously smaller when using any 2 CCEs or any 2 pairs of CCEs than when having to use 2 or 4 consecutive CCEs.   

Proposal: A DCI format that schedules PDSCH receptions on two cells is not introduced. 


Conclusions
This contribution considered potential benefits from the introducing of a DCI format that schedules PDSCH receptions on two cells and proposes the following.

Proposal: A DCI format that schedules PDSCH receptions on two cells is not introduced. 

In addition, the following are observed.

Observation 1: Consideration of a DCI format scheduling PDSCH receptions on two cells should avoid any throughput degradation over using two DCI formats and any new design requirements on the gNB scheduler.

Observation 2: For TDD operation and no scheduling restrictions, a DCI format scheduling 2 cells can avoid duplication for only the CRC bits.

Observation 3: DCI format size 1_1 is preferable to DCI format C2 across the geometry CDF, particularly for UEs above the 30% point of the geometry CDF which are more likely to operate with CA.

Observation 4: Coverage and relative BLER comparisons for DCI format C2 further worsen for operation under less favorable conditions such as with some correlation or blockage of UE receiver antennas or for 2 UE receiver antennas. 

Observation 5: For DSS, a maximum gain in resources per slot from scheduling PDSCH on 2 cells using a single DCI format is ~0.35% for a BWP of 20 MHz and ~0.07% for a BWP of 100 MHz on the scheduling cell.

Observation 6: The size matching of DCI format 0_1 with DCI format 1_1 that is required when using DCI format C2 reduces overhead savings from using DCI format C2.

Observation 7: Introduction of a DCI format scheduling PDSCH on two cells by parallelizing use of field for scheduling on a single cell does not provide any material benefit over a DCI format scheduling PDSCH on a single cell. 



References:
RP-193260, “New WID on NR Dynamic spectrum sharing (DSS)”


Appendix

Table 1. DCI format 1_1 and DCI format C2 payload
	Information field
	Size for DCI 1_1
	Size for DCI C2
	Comment

	Identifier for DCI formats
	1
	0 
	0 if no support for UL; otherwise 1 – 0 assumed

	Carrier indicator
	3
	6
	Any two cells can be scheduled from a scheduling cell

	Bandwidth part indicator 
	0
	0
	RRC or single BWP

	PRB bundling size indicator 
	0
	0
	

	Rate matching indicator 
	0
	0
	

	ZP CSI-RS trigger 
	1
	2
	

	FDRA 
	13
	26
	RA Type 0
Same BWP size assumed for scheduling and scheduled cells

	TDRA 
	4
	8
	

	Modulation and coding scheme 
	5
	10
	

	New data indicator 
	2
	4
	2 transport blocks/PDSCH

	Redundancy version 
	4
	8
	2 transport blocks/PDSCH

	HARQ process number 
	8
	16
	2 transport blocks/PDSCH

	VRB-to-PRB mapping 
	0
	0
	

	Downlink assignment index
	4
	4 or 8
	For same or different PUCCH

	TPC command for PUCCH 
	2
	2 or 4
	For same or different PUCCH

	PUCCH resource indicator 
	3
	3 or 6
	For same or different PUCCH

	PDSCH-to-HARQ-ACK timing 
	3
	3 or 6
	For same or different PUCCH

	Antenna port(s) 
	4
	8
	

	SRS request 
	2
	4
	

	DMRS sequence initialization
	1
	2
	

	Transmission configuration indication 
	0
	0
	FR1 assumed

	CBGTI
	0
	0
	

	CBGFI
	0
	0
	

	CRC
	24
	24
	

	Total
	84
	128 or 140 
	Savings of 28 or 40 bits




Table 2: LLS assumptions for the results in Figure 1.
	Parameter
	Value

	DCI format 1_1 payload (including 24 bits CRC)
DCI format C2 payload (including 24 bits CRC)
	84 bits
128 bits

	System bandwidth
	20 MHz

	Carrier Frequency
	2.6 GHz

	Number of symbols for CORESET
	2

	CORESET BW (contiguous PRB allocation)
	20 MHz

	Aggregation level
	1, 2, 4, 8, 16

	Interleaver size (R)
	2

	REG bundling size (L)
	6

	Modulation 
	QPSK

	Channel coding
	Polar code

	Transmission scheme
	Precoder cycling

	Channel model
	TDL-A (delay spread: 30ns)

	UE speed
	3 km/h

	Number of BS antennas
	2 Tx

	Number of UE antennas
	4 Rx



[image: ]  [image: ]

Figure 2: Geometry CDF for UMa and UMi.
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Figure 3: BLER of DCI format 1_1 (84 bits) and of a DCI format scheduling PDSCH on two cells (128 bits) for 2 UE receiver antennas
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