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1. Introduction

NR PDCCH demodulation requirements were discussed from RAN4 #86bis meeting, with the lasted agreements captured in [1].
This contribution discusses the remaining issues for NR PDCCH demodulation requirements.
2. Discussion
1) Aggregation level
The following agreement was reached for PDCCH aggregation level at the last meeting:

· Aggregation levels

· AL2, AL4, AL8
· FFS for AL16
· Companies are encouraged to provide the simulation results in RAN4#88bis to discuss whether or not to introduce PDCCH AL16 requirements. 

In the following, we will discuss the need of testing aggregation level of 16 for PDCCH requirements.
As known, aggregation levels of 1, 2, 4, 8 are introduced for LTE PDCCH. In LTE basic PDCCH tests, 8, 4, 2 CCEs are configured for 1Tx, 2Tx and 4Tx tests respectively. Meanwhile for NR PDCCH, aggregation levels of 1, 2, 4, 8 and 16 are introduced, and all of these values are mandatory without capability. 
On one hand, there are more REs per CCE in NR in comparison with LTE

· For LTE, 4 REs per REG and 9 REGs per CCE, resulting in 4*9 = 36 REs per CCE. 
· For NR, 12 - 3 (DMRS) = 9 REs per REG and 6 REGs per CCE, resulting in 9*6 = 54 REs per CCE.
On the other hand, the payload size is relatively higher in NR in comparison with LTE, e.g., 
· For LTE FDD, 31 payload bits assumed for DCI format 1; For LTE TDD, 34 payload bits assumed for DCI format 1.
· For NR, 39 ~ 41 payload bits assumed for DCI format 1_0.

Therefore, with the same operating frequency and the same aggregation level, NR and LTE PDCCH performance are expected to be comparable.

However, NR TDD system is much likely to be deployed at higher carrier frequency such as n77, n78, n79, and the use of aggregation level of 16 is quite helpful for NR PDCCH coverage. Therefore, we propose to cover PDCCH aggregation level of 16 at least for NR FR1 TDD.

In the last meeting, some companies commented that the required SNR for aggregation level 16 is too low, especially for 4Rx. Actually, the SINR values in practical systems are quite diverse, and depend on many factors like the operating frequency, path-loss, penetration loss, interference level, etc. The benefit of introducing aggregation level 16 is to ensure PDCCH communication and low rate data communication for UEs in low SINR region, which is also the main motivation of introducing aggregation level 16 in RAN1. Moreover, the baseband processing algorithms (especially channel estimation algorithm) in low SNR region need to be verified in the demodulation test; otherwise, when PDCCH with aggregation level 16 is transmitted to UE, the baseband reception performance cannot be checked. Therefore, unless it is identified that the SNR is too low to be tested, we do see the need to introducing PDCCH demodulation tests with aggregation level 16.
Proposal 1: Cover aggregation level of 16 for PDCCH demodulation requirements.
2) Frequency domain resources
The following agreement was reached for CORSET bandwidth at July RAN4 AH meeting [2]:
· Channel bandwidth with subcarrier spacing and CORSET bandwidth in terms of number of RBs
· 15kHz +10MHz for FR1 FDD 
· 24, 48 
· 30kHz +40MHz for FR1 TDD 
· [102] 
· 120kHz +100MHz for FR2 
· [60] 
As known, a RRC configured bitmap with each bit corresponds a group of 6 RBs is used to indicate the frequency domain resources for the CORESET. PDCCH CORESET can be contiguous or non-contiguous in frequency domain. For simplifying the test setup, it is proposed to assume contiguous frequency domain resources for the CORESET.
Proposal 2: Assume contiguous frequency domain resources for the CORESET.

3) Power allocation

As agreed in [3] at the last meeting, in UE demodulation tests, EPRE of PDCCH_DMRS is set relative to SSS EPRE, and EPRE of PDCCH is set relative to the EPRE of associated DMRS. Next, we will discuss the exact values for the two EPRE ratios in PDCCH demodulation tests.

According to clause 4.1 of TS 38.214:
· The downlink PDCCH EPRE is assumed as the ratio of the PDCCH EPRE to NZP CSI-RS EPRE and takes the value of 0 dB.

· The downlink CSI-RS EPRE can be derived from the SS/PBCH block downlink transmit power given by the parameter SS-PBCH-BlockPower and CSI-RS power offset given by the parameter powerControlOffsetSS provided by higher layers.
According to clause 6.3.2 of TS 38.331, powerControlOffsetSS is the power offset of NZP CSI-RS RE to SS RE, and can be set as -3dB, 0dB, 3dB, or 6dB. For simplicity, we can set powerControlOffsetSS as 0dB, and thus the EPRE ratio of PDCCH to SSS is 0dB. 

Furthermore, since single antenna port transmission is defined for NR PDCCH, we can assume that the EPRE ratio of the PDCCH to PDCCH_DMRS is 0dB.
Proposal 3: Assume EPRE ratio of PDCCH_DMRS to SSS is 0dB, and EPRE ratio of the PDCCH to PDCCH_DMRS is 0dB.
3. Conclusions
This contribution discussed the remaining issues on NR PDCCH demodulation requirements, and had the following proposals:
Proposal 1: Cover aggregation level of 16 for PDCCH demodulation requirements.

Proposal 2: Assume contiguous frequency domain resources for the CORESET.

Proposal 3: Assume EPRE ratio of PDCCH_DMRS to SSS is 0dB, and EPRE ratio of the PDCCH to PDCCH_DMRS is 0dB.
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