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Introduction
RAN#86 approved a DSS WI for Release 17 with the following objective [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


In the previous meeting the following has been agreed
	Agreements:
Further study multi-cell PDSCH scheduling via a single DCI with below simulation assumptions:
                                     Table 1: Link level simulation assumptions (refer to chairman notes)

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. 

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:

                     Table 2: System level simulation assumptions (refer to chairman notes)



In this contribution we present simulation results which are based on the 2GHz, ISD 500m configuration. We provide BLER curves, AL distributions and PDCCH blocking probabilities.
 On benefits and specification effort  
RAN plenary already agreed that NR shall support cross-carrier scheduling from Scell to Pcell. This having benefit particularly in DSS (but not only), where PDCCH multiplexing between LTE and NR PDCCH is cumbersome. A gNB may schedule PDSCH on both Pcell and Scell for [DSS] NR UE from Scell in a slot if the feature is specified in R17 as decided by RAN. 
In this case gNB transmits two PDCCH scheduling PDSCH in the same slot. It would be further beneficial from PDCCH overhead and from PDCCH monitoring reduction, to support a two-cell DCI format which could schedule those two PDSCH in the same slot by a single PDCCH.  
It has been argued by some companies that PDCCH overhead savings are not available if fields in the two-cell DCI format are doubled. This is not fully true, since already 24bits of CRC check can be saved. Moreover, most of the fields may be present only once in the DCI format which depends on further design. For example, HARQ-ACK related fields such as DAI, K1, PUCCH resource need to be signalled only once. 
Observation 1: Two-cell DCI format reduces overhead by at least 24 CRC bits, and if single DCI field applies to both cells (at least for HARQ-related parameters), further significant PDCCH overhead reduction is expected.
With respect to PDCCH monitoring reduction benefit, the two-cell DCI format would naturally only apply to the non-fall-back format a UE is monitoring when configured, and the DCI format 1_0 would remain unmodified. And therefore, UEs monitoring burden can be reduced as UE needs to monitor search-space of only single scheduling cell.  
Observation 2: Two-cell DCI format may reduce UEs monitoring burden as UE needs to monitor search-space set(s) of only single scheduling cell compared to R16, given that design is based on DCI format 1_1.
Other concern of some companies was the specification effort for this feature. As every NR feature, it could be over-optimized or alternatively designed in simple way. The baseline solution would be to determine the fields based on primary of the two-cells and interpret the DCI fields for secondary of the two-cells according BWP switching rules designed in R15. This resulting into possible scheduling restrictions, and some fields could be further optimized. For example, resource allocation related fields could be further optimized or alternatively doubled, which could be studied further before determining which way to go. 
Observation 3: The baseline design would be to determine DCI format fields based on primary of the two-cells and interpret the fields for the secondary of the two-cells as in case of BWP switching R15. Some fields could be further optimized or doubled in the DCI format which is FFS. 
Simulation results
In RAN1#103, LLS and SLS simulations have been requested for different DCI payload sizes : 60/72/84/96/108. In this section we present some of the results. We have simulated the performance of PDCCH for various DCI payload sizes (excluding CRC) and with different aggregation levels. Simulation assumptions are listed in Appendix. Figure 1 shows the results for the 2GHz Carrier.
[image: ]
Figure 1 PDCCH performance 60/72/84/96/108 bits for different ALs for 2GHz

As per the carrier combinations agreed for simulation assumptions, the scenario considered here is with PCell 15kHz on 700MHz carrier and SCell 15kHz on 2GHz band. The 700MHz carrier is assumed to be shared by both LTE and NR. Furthermore, we took the SINR distributions for the 2Ghz FR1 urban macro 3D beamforming ISD 500m. For these SINR geometry, we have derived the AL distribution which indicates the probability of choosing a certain AL out of {1,2,4,8,16}. This AL distribution is further considered for the determination of blocking probability. A maximum of 10 users considered and the NR hashing function is used for CCE allocation and the assumption made for the number of PDCCH candidates for the AL=[1 2 4 8 16] is [6 6 2 2 1]. The Figures 2 and 3 show the AL distribution for the interleaved and non-interleaved scenarios for all the DCI size suggested by RAN1#103.
[image: ]
Figure 2 AL probability in 2Ghz Urban macro scenario with 500m ISD (Interleaved)
[image: ]
Figure 3 AL probability in 2Ghz Urban macro scenario with 500m ISD (Non-Interleaved)
 
When analysing the above results one can draw the following observations. 
Observation 4:
1) A 108 bits and 96 bits PDCCH payload does not fit anymore to 1CCE, this means, aggregation level must be doubled for a large portion of users. 
2) When comparing 72bit and 84bits PDCCH payload for AL>1, the AL probabilities are fairly similar.
The DCI size should preferably be kept below the number of bits fitting into one CCE such that AL1 can also be used. 
In addition to reducing the PDCCH blocking, multi-cell DCI still reduces number of blind decodes a UE needs to perform as it would need to monitor just one rather than two carriers for the DCI. 
Proposal 1: Support multi-cell DCI in R17, focus on multiple SCell (2 or more) with the same/similar carrier size and SCS first. 
[image: ]
Figure 4 PDCCH Blocking probability (Non-Interleaved)
[image: ]
Figure 5 PDCCH Blocking probability (Interleaved)
Observation 5:
The Average PDCCH Blocking probabilities for interleaved and non-interleaved cases are presented in Figure 4 and Figure 5. From these figures we can make the following observations:
1) As the number of users are increasing it is evident that the blocking probability is also increasing. 
2) In Interleaved case for DCI size 60/72/84/96 bits the blocking probability curves are very similar while for Non-Interleaved case the differences are slightly larger.
3) For DCI size 108, the blocking probability is slightly higher in case of Non-Interleaved vs Interleaved.   
4) As observed in the figures, the blocking probability increases with the number of users, the blocking probability for scheduling X DCIs with 108 bit Multi-DCI scheduling will be significantly lower than the blocking probability for 2*X DCIs with 60 bit DCI, regardless of Interleaved or non-interleaved mapping.
5) For the given scenario of 2GHz, only two DCIs can be supported per PDCCH with below 1% blocking probability for any DCI size. 


Conclusions
In this contribution, we discussed the simulation results based on system and link level simulations parameters provided in RAN#103 meeting. We provided AL distributions and PDCCH blocking probabilities for cross carrier PCell scheduled by SCell. Based on the discussion, we made the following proposals:
Observation 1: Two-cell DCI format reduces overhead by at least 24 CRC bits, and if single DCI field applies to both cells (at least for HARQ-related parameters), further significant PDCCH overhead reduction is expected.
Observation 2: Two-cell DCI format may reduce UEs monitoring burden as UE needs to monitor search-space set(s) of only single scheduling cell compared to R16, given that design is based on DCI format 1_1.
Observation 3: The baseline design would be to determine DCI format fields based on primary of the two-cells and interpret the fields for the secondary of the two-cells as in case of BWP switching R15. Some fields could be further optimized or doubled in the DCI format which is FFS. 
Observation 4:
1) A 108 bits and 96 bits PDCCH payload does not fit anymore to 1CCE, this means, aggregation level must be doubled for a large portion of users. 
2) When comparing 72bit and 84bits PDCCH payload for AL>1, the AL probabilities are fairly similar.

Observation 5:
The Average PDCCH Blocking probabilities for interleaved and non-interleaved cases are presented in Figure 4 and Figure 5. From these figures we can make the following observations:
1) As the number of users are increasing it is evident that the blocking probability is also increasing. 
2) In Interleaved case for DCI size 60/72/84/96 bits the blocking probability curves are very similar while for Non-Interleaved case the differences are slightly larger.
3) For DCI size 108, the blocking probability is slightly higher in case of Non-Interleaved vs Interleaved.   
4) As observed in the figures, the blocking probability increases with the number of users, the blocking probability for scheduling X DCIs with 108 bit Multi-DCI scheduling will be significantly lower than the blocking probability for 2*X DCIs with 60 bit DCI, regardless of Interleaved or non-interleaved mapping.
5) For the given scenario of 2GHz, only two DCIs can be supported per PDCCH with below 1% blocking probability for any DCI size. 
Proposal 1: Support multi-cell DCI in R17, focus on multiple SCell (2 or more) with the same/similar carrier size and SCS first. 
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Appendix
[bookmark: _GoBack]Simulation assumptions for the PDCCH performance curves: Table 1 and Table 2 of RAN#103 Chairman notes 8.13.2 for Combination 1: 2 GHz, 15 kHz SCS, 2 Tx, 2 Rx, 20 MHz carrier BW, 2-symbol CORESET with 96RBs
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