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1 Introduction
RAN4 has completed the UE RRM requirements for the support of NSA option 3 (EN-DC) in RAN4#85. For RLM, hypothetical PDCCH parameters for NR RLM have been captured in the first version of TS 38.133. Due to lack of time to do simulation evaluation before December, there are several TBD values for some parameters, while values for other parameters are in bracket.
In addition, in order to define the proper values for the parameters and also to develop RLM test cases, it is important for RAN4 to understand the basic performance of NR PDCCH via simulation. For some of the PDCCH parameters, UE will follow network configuration, so the values are not fixed in specification. Therefore, RAN4 also needs to discuss how to select the values for such parameters for simulation study.

In this paper, we will provide our views on the remaining issues for PDCCH parameters for RLM core requirements and also selection of parameter values for simulation study. 
2 Discussion
The hypothetical PDCCH parameters and their values are defined in Table 8.1.2.1-1 and Table 8.1.2.1-2 in current 38.133.
Table 8.1.2.1-1: PDCCH transmission parameters for out-of-sync

	Attribute
	Value for BLER pair#0
	Value for BLER pair#1

	DCI payload size
	TBD
	TBD

	Number of control OFDM symbols
	[Same as the number of symbols of RMSI CORESET]
	

	Aggregation level (CCE)
	[8]
	

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	[0]dB
	

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	[0]dB
	

	Bandwidth (MHz)
	[Same as the number of PRBs of RMSI CORESET]
	

	Sub-carrier spacing (kHz)
	[Same as the SCS of RMSI CORESET]
	

	DMRS
	TBD
	

	REG bundle size
	[6]
	

	CP length
	[Same as the CP length of RMSI CORESET]
	

	Mapping from REG to CCE
	[Distributed]
	

	Note 1:


Table 8.1.2.1-2: PDCCH transmission parameters for in-sync

	Attribute
	Value for BLER pair#0
	Value for BLER pair#1

	DCI payload size
	TBD
	TBD

	Number of control OFDM symbols
	[Same as the number of symbols of RMSI CORESET]
	

	Aggregation level (CCE)
	[4]
	

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	[0]dB
	

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	[0]dB
	

	Bandwidth (MHz)
	[Same as the number of PRBs of RMSI CORESET]
	

	Sub-carrier spacing (kHz)
	[Same as the SCS of RMSI CORESET]
	

	DMRS
	TBD
	

	REG bundle size
	[6]
	

	CP length
	[Same as the CP length of RMSI CORESET]
	

	Mapping from REG to CCE
	[Distributed]
	

	Note 1:


Payload size

In LTE DCI format 1A is used for Qout evaluation. In NR, the counterpart of LTE DCI format 1A in NR is the so-called fallback DCI or DCI format 1-0, which has been agreed in RAN1 already. In our calculation, the payload size of the fallback format is 59 bits including CRC, for a CORESET of 48 PRBs. The exact payload can change slightly due to the changing in number of bits for resource allocation, and like in LTE, the requirements are specified just that UE will follow the fallback format.

In LTE DCI format 1C is used for Qin evaluation. DCI format 1C is a very compact format, but there is so far no counterpart of it in NR PDCCH. There is ongoing discussion in RAN1 if such a format should be introduced for RMSI CORESET. In our view, if such compact format is defined in RAN1, it should be used for Qin evaluation, otherwise the fallback format should be used for both Qin and Qout evaluation.
Proposal 1: The fallback DCI format (1-0) is used for Qout evaluation. If RAN1 defines a compact DCI format, it should be used for Qin evaluation, otherwise fallback format is also used for Qin evaluation.
RMSI CORESET
For number of OFDM symbols, BW, SCS and CP length of the hypothetical PDCCH, UE is required to follow the configuration of RMSI CORESET. This means the exact values for those parameters are not specified in core requirements. However, for simulation and test case purpose, RAN4 still needs to select some values.

Considering the typical setting for the RMSI CORESET and the coverage of the simulation study, our suggestion on the four parameters are as follows. Of course, we are open to further discussion on what settings should be simulated.
· Case 1: 2-OS, 24-PRB, 15kHz, normal CP

· Case 2: 1-OS, 48-PRB, 30kHz, normal CP
· Case 3: 1-OS, 96-PRB, 60kHz, normal CP
· Case 4: 2-OS, 24-PRB, 120kHz, normal CP

DMRS
RAN1#91 has made the following agreements regarding PDCCH DMRS precoding.

	Agreements:
•       Confirm the WA with the following clarifications (in red):
•       For each CORESET, precoder granularity in frequency domain is:

•       Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET

•       For ii), DMRS is mapped over all REGs within CORESET.

•       RAN1 assumes that CORESET for PDCCH scheduling RMSI can be configured with Option i)

•       In Option ii) UE may assume DMRS is present in all REGs within the set of contiguous RBs of the CORESET where and when at least one REG of a candidate is mapped.


Based on the agreement, for RMSI CORESET the precoder granularity can only be equal to the REG bundle size. Since the hypothetical PDCCH parameters for SSB based RLM are mainly based on RMSI CORESET, it is reasonable to define the DMRS precoder granularity equal to the REG bundle size.
Proposal 2: Define the DMRS precoder granularity equal to the REG bundle size.

Other parameters
Other parameters for the hypothetical PDCCH, namely the aggregation level and power boosting for PDCCH data and DMRS, can remain as specified in current 38.133 for simulation purpose. Of course, if the PDCCH performance is found not reasonable from coverage level perspective, those parameters settings can be changed.

Proposal 3: Aggregation level or power boosting can be changed, if the PDCCH performance is found not reasonable from coverage level perspective.
3 Simulation assumption and preliminary results  

Based on the discussion in section 2, our suggestions on the simulation assumption are captured in Table 1. 

Table 1: Simulation assumptions for PDCCH performance for RLM
	Parameter
	Value 

	DCI payload size
	59 bits

	Number of control OFDM symbols
	Case 1: 2-OS, 24-PRB, 15kHz 

Case 2: 1-OS, 48-PRB, 30kHz
Case 3: 1-OS, 96-PRB, 60kHz 

Case 4: 2-OS, 24-PRB, 120kHz

	Bandwidth (MHz)
	

	Sub-carrier spacing (kHz)
	

	Aggregation level (CCE)
	4 and 8

	Center frequency
	4GHz for Case 1&2, 30GHz for Case 3&4

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	0dB

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	0dB

	Precoder granularity in frequency domain
	REG bundle size

	REG bundle size
	6

	CP length
	Normal

	Mapping from REG to CCE
	Distributed

	SNR
	[-12, -11, … -5, -4, -3]

	Frequency error
	100Hz for Case 1&2, 200Hz for Case 3&4

	Propagation condition
	EPA, ETU and TDL-C (100ns RMS) for Case 1&2, TDL-C for Case 3&4.

	Antenna configuration
	2x2

	UE speed
	3km/h, 42km/h


Our preliminary results for are shown in Figure 1-3, for EPA, ETU and TDL-C channels, respectively.
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Figure 1: Simulation results for Case 1-2 in EPA channel
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Figure 2: Simulation results for Case 1-2 in ETU channel
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Figure 3: Simulation results for Case 1-4 in TDL-C channel

4 Conclusions 

In this paper, we provided our views on the remaining open issues for PDCCH parameters for RLM as well as the selection of simulation assumptions for evaluation of PDCCH performances. 
Specifically, we have the following proposals.

Proposal 1: The fallback DCI format (1-0) is used for Qout evaluation. If RAN1 defines a compact DCI format, it should be used for Qin evaluation, otherwise fallback format is also used for Qin evaluation.
Proposal 2: Define the DMRS precoder granularity equal to the REG bundle size.
Proposal 3: Aggregation level or power boosting can be changed, if the PDCCH performance is found not reasonable from coverage level perspective.
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