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1. Introduction

At the RAN4#84 meeting, link level simulation assumptions for PBCH reading [1], assumptions for RLM [2] and assumptions for CSI-RS based RRM measurement [3] were discussed, and assumptions for PBCH reading were agreed [4].
In this contribution, we present our views on the agreed assumptions for PBCH reading and other link level simulation assumptions such as for RLM and for CSI-RS based RRM measurement.
2. Discussion
Link level simulation assumptions for PBCH reading
Agreed link level simulation assumptions for PBCH reading are shown in Appendix. In this section, we would like to discuss and propose necessary updates for the assumptions based on latest RAN1 agreements.
At RAN1#90 meeting, following agreements and working assumptions were made regarding SS/PBCH block index indication and PBCH-DMRS sequence design [5]
	Agreements:
· SS block time locations are indexed from 0 to L-1 in increasing order within a half radio frame according to the agreed SS burst set composition

· For the case of L = 8 or L = 64, 3 LSBs of SS block time index are indicated by 8 different PBCH-DMRS sequences {a_0,…, a_7}

· For the case of L = 4, 2 LSBs of SS block time index are indicated by 4 different PBCH-DMRS sequences {b_0,…, b_3} 
· One remaining bit out of 3 LSBs is set to 0 and not transmitted by PBCH
· {a_0,…,a_3} are same with {b_0, …, b_3} for a given cell ID
Agreements:
· Sequence mapping rule for PBCH-DMRS is frequency-first time-second mapping, in particular lowest to highest frequency mapping

Working assumption:
· Regarding the number of sequences and sequence mapping rule:
· Single long sequence is mapped to all PBCH-DMRS REs within a SS block
· LTE PN generator is reused for PBCH DMRS sequence generation, and related parameters are

· Gold Code LFSR size: 31

· Gold Code Polynomials: x31 + x3 + 1, x31 +x3 + x2 + x + 1
· Note that RAN1 may revisit the PN generator for PBCH DMRS if NR supports different PN generator for other usages
· Regarding EPRE offset between PBCH-DMRS and NR-PBCH data:
· FFS: UE may assume that same EPRE between NR-PBCH DMRS and NR-PBCH data is applied

· Note that power boosting is up to NW implementation

· Regarding Cell-ID-based frequency shift for PBCH-DMRS RE locations:
· vshift = NIDcell mod 4

· Regarding PBCH-DMRS sequence generation:
· PBCH-DMRS sequence is based on long Gold sequence (e.g., polynomial order >= 30)

· Sequence modulation is QPSK
Agreements:
· Sequence initialization is based on cell ID and SS block time index carried by PBCH-DMRS


Based on above RAN1 agreements, RAN4 would need to consider following two scenarios for PBCH reading.

· SS/PBCH block index identification and MIB reading for frame synchronization and MIB acquisition
For example, in initial access, UE performs frame synchronization after detecting NR cell ID from NR-PSS/SSS. Since PBCH-DMRS sequence is dependent on SS/PBCH block index in addition to NR cell ID, UE needs to perform blind detection of PBCH-DMRS pattern so that UE can identify a part of SS/PBCH block index (in case of above 6 GHz) or a full SS/PBCH block index (in case of below 6 GHz). NR-PBCH carries SFN, remaining part of SS/PBCH block index (in case of above 6 GHz) and half radio frame timing information. So in this scenario, irrespective of frequency range, UE performs PBCH-DMRS blind detection and then NR-PBCH decoding.
· SS/PBCH block index identification for beam reporting

For example, in neighbour cell measurement, UE may be configured to measure and report neighbour cell SS/PBCH block beams. In below 6 GHz case, UE does not need to decode NR-PBCH transmitted by neighbour cells, and UE needs to identify an index of neighbour cell’s SS/PBCH block based on blind detection of PBCH-DMRS sequence. In above 6 GHz case, UE needs to perform both blind detection of PBCH-DMRS sequence and NR-PBCH decoding to identify SS/PBCH block index for beam reporting. So in this scenario, depending on frequency range, UE performs different procedures.
Therefore, for RAN4 evaluation on PBCH reading, scenario (i.e., motivation for evaluation) and corresponding UE procedure to be evaluated in the simulation need to be clarified.
Observation 1: PBCH reading corresponds to multiple scenarios, and UE would perform different procedure(s) in different scenarios.
Proposal 1: RAN4 needs to clarify scenario (i.e., motivation for evaluation) and corresponding UE procedure(s) to be evaluated in the simulation for PBCH reading.

In addition, if the evaluation scenario is the initial access case, UE assumption on SS burst set periodicity is 20 ms. So, if UE cannot succeed the PBCH decoding by one-shot, UE may perform soft combining reception of multiple NR-PBCH every 20 ms. Hence, SS burst set periodicity assumption should be 20 ms instead of 5 ms in such case.

Regarding PBCH-DMRS sequence, according to RAN1 working assumption, Gold sequence based on LTE PN sequence can be assumed.
Link level simulation assumptions for RLM
For NR RLM, RAN1 made following agreements at the RAN1#90 meeting [5].
	Agreements:

· Hypothetical PDCCH BLER is used as the metric for determining IS/OOS conditions for both SS/PBCH block based and CSI-RS based RLM

· UE assumes same antenna port between hypothetical PDCCH and RS used for RLM

· FFS: UE assumes QCL relationship between PDCCH transmitted in a CORESET and RS configured for the CORESET with respect to spatial, average gain, delay and Doppler parameters
Agreements:
· NR supports to configure X RLM-RS resource(s)

One RLM-RS resource can be either one SS/PBCH block or one CSI-RS resource/port

The RLM-RS resources are UE-specifically configured at least in case of CSI-RS based RLM

FFS: how to configure RLM-RS resources in case of SS/PBCH block based RLM

FFS: whether/which the default RLM-RS resource(s) is defined

FFS: whether configured RLM-RS resource(s) and RS(s) used for beam failure detection are same or different set

FFS: in case of CSI-RS based RLM, which CSI-RS is used, beam management CSI-RS or L3 mobility CSI-RS

FFS: if/how to configure interference measurement resource for RLM

The symbols used for interference measurement can be same or different from the symbol from RLM-RS resource(s)

· When UE is configured to perform RLM on one or multiple RLM-RS resource(s),

Periodic IS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on at least Y RLM-RS resource among all configured X RLM-RS resource(s) is above Q_in threshold
FFS: Y is configurable or fixed, and the value, e.g., Y=1

Periodic OOS is indicated 
If the estimated link quality corresponding to hypothetical PDCCH BLER based on all configured X RLM-RS resource(s) is below Q_out threshold

FFS: The evaluation of OOS takes beam failure recovery procedure into account
FFS: Aperiodic OOS


In NR RLM, UE performs link quality estimation on configured RLM-RS resource(s) and compares the estimated link quality with thresholds corresponding to hypothetical PDCCH BLER for in-sync and out-of-sync. In order to perform link level simulation on RLM, PDCCH configuration for hypothetical BLER and link quality estimation method (especially interference and noise estimation based on SS/PBCH block and CSI-RS, respectively) need to be clarified. RAN1 has just started discussing on interference and noise measurement resource(s) for RSRQ/RS-SINR definitions based on SS/PBCH block and CSI-RS. 

For RAN4 RRM requirements regarding RLM, RAN4 may need to discuss and decide on hypothetical PDCCH BLER values for in-sync/out-of-sync (e.g., 2% and 10%), corresponding hypothetical PDCCH configuration and RLM measurement period necessary for accurate link quality estimation based on SS/PBCH block and CSI-RS. At least to evaluate RLM measurement period, RAN1 input on how to measure interference and noise based on SS/PBCH block and CSI-RS would be necessary. In addition, we think that BLER values for in-sync/out-of-sync decision and hypothetical PDCCH configurations can be discussed without performing simulation campaign since these are general targets related to whether radio link is available or not. So, RAN4 may need to discuss further on what is expected outcome from link level simulation on RLM.
Observation 2: RAN4 may need to discuss further on what is expected outcome from link level simulation on RLM.
Link level simulation assumptions for CSI-RS based RRM measurement
In LTE CSI-RS based measurement in discovery signal occasions, relaxed SINR side condition (i.e., ( 0dB) is specified since it is assumed that CSI-RS resources from different cells/transmission points are configured to be orthogonal each other. In NR, the usage scenario of CSI-RS based measurement may be different from that in LTE, e.g., CSI-RS based measurement in NR provides measurement on many narrow beams. In such case, SINR side condition for NR CSI-RS based measurement should be carefully studied.
Observation 3: RAN4 may need to carefully study on SINR side condition for NR CSI-RS based measurement since the usage scenario of CSI-RS based measurement may be different from that in LTE.
NR CSI-RS based measurement would have a large flexibility on configuration parameters, such as measurement bandwidth, periodicity and so on. RSRP measurement performance is mainly dependent on amount of RS available for the measurement, and hence CSI-RS RE density, measurement bandwidth and periodicity would be key parameters for evaluation and corresponding requirements. So, based on the flexibility on those parameters, at least multiple values for each parameter would need to be evaluated so that different requirements for different parameter sets can be derived as in LTE.
3. Conclusion 

In this contribution, we presented our views on the agreed assumptions for PBCH reading and other link level simulation assumptions such as for RLM and for CSI-RS based RRM measurement. We made following observation and proposal.
Observation 1: PBCH reading corresponds to multiple scenarios, and UE would perform different procedure(s) in different scenarios.
Proposal 1: RAN4 needs to clarify scenario (i.e., motivation for evaluation) and corresponding UE procedure(s) to be evaluated in the simulation for PBCH reading.

Observation 2: RAN4 may need to discuss further on what is expected outcome from link level simulation on RLM.
Observation 3: RAN4 may need to carefully study on SINR side condition for NR CSI-RS based measurement since the usage scenario of CSI-RS based measurement may be different from that in LTE.
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Appendix
The following simulation assumptions are used to derive the basic SI reading (PBCH acquisition) time. 

Basic SI reading time = 99%-ile of the number of SS-blocks required to successfully decode the PBCH.
Table 1: Parameters for basic SI reading (PBCH acquisition)
	Parameter
	Unit
	Value

	Carrier frequency 
	GHz
	4GHz; 30GHz

	Subcarrier spacing
	KHz
	15 kHz; 30 kHz for 4GHz;

120 kHz; 240 kHz for 30GHz 

	Number of Tx antennas
	-
	1

	Number of Rx antennas
	-
	2, 4 (uncorrelated.

Option 1: With receiver beamforming

Option 2: Without receiver beamforming)

	CP Length
	-
	Normal

	Number of transmitted SS block within a SS burst set period (K)
	-
	1 (baseline)

FFS: 4

	SS burst set periodicity
	ms
	5

	Relative Delay of 1st Path (synchronous)
	μs
	0

	Relative Delay of 1st Path (asynchronous)
	ms
	0

	Frequency Offset relative to UE frequency reference
	Hz
	0

	RB Utilization
	%
	100

	PBCH symbols within the SS block
	
	PSS-PBCH-SSS-PBCH

	Data and Control Power offset with respect to PSS and SSS
	dB
	0

	PBCH power offset with respect to PBCH-DMRS
	dB
	0

	PBCH-DMRS power offset with respect to PSS and SSS
	dB
	To be indicated

	PSS and SSS sequences
	-
	According to the RAN1 agreements

	PBCH-DMRS sequences
	-
	Gold code

Sequence related parameters to be indicated by companies

	PBCH-DMRS RE positions within the PBCH resource
	-
	Equal DMRS density across NR-PBCH with 3 RE/PRB/Symbol
DMRS have the same RE position in all NR-PBCH symbols

	PBCH Modulation
	-
	QPSK

	PBCH Payload (including the CRC)
	bits
	To be indicated

	PBCH SNR
	dB
	-6 : 6 dB

	Propagation Condition
	-
	AWGN, EPA5, ETU30

TDL-A/B/C/D with 300ns delay spread Note1

CDL-A/B/C/D with 300ns delay spread Note1 (secondary priority)



	NOTE 1:
The channel models of CDL and TDL are used for simplified link level evaluations, which are defined in TR 38.900.


