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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In NR, what UE needs to do in cell search is different to LTE because of the configuration of SMTC, the possibility of reporting beam-level RSRP… etc. In this paper, we provide our view on UE’s behavior in NR cell search. 
2	Initial Power Scan
After power on, UE performs power scan over the band to find a cell. If UE cannot detect any signal power on a given frequency location, then UE moves to another location based on the frequency granularity of sync raster. In LTE with 5ms periodicity for PSS/SSS and even shorter periodicity for CRS, UE only needs to stay at a frequency location for at most 5ms to determine the existence of signal. 
The situation is different in NR. In the worst case where the cell is empty without any active data traffic, only SSB is broadcasted. The periodicity of SS burst set determines how long UE needs to stay at a frequency location. For an example, we assume SS burst set periodicity is 20ms, which is the assumption adopted by UE for initial cell search as agreed in RAN1. Then, UE needs to stay at the frequency location for at least 20ms before moving to the next one. The latency could be 4 times longer than LTE. Note that no requirement for initial cell search in TS38.133.
[image: ]
Figure 1. Initial power scan for LTE and NR
[bookmark: _Ref492413137]Observation 1: Given the same raster, the initial cell search delay of NR could be 4 times longer than that of LTE.
3	Cell Search in IDLE mode
Once some signal power is detected by the UE, UE starts the cell search. UE assumes that the SS burst set periodicity is 20ms. After a cell is found, UE can start to decode the MIB and also other system information blocks (SIBs). In LTE, the information about intra-frequency and inter-frequency neighboring cells are provided in SIB-4 and SIB-5. These information are available to the IDLE mode UE. Therefore, an IDLE mode UE can jump to other frequency layers and search for other neighboring cells. In LTE, the cell search could be efficient be case the periodicity of PSS/SSS is 5ms.
In NR, the efficiency is not clear because SS burst set periodicity can be 5, 10, 20, 40, 80 or 160 ms. Without an exact knowledge of the SSB timing location, it is not possible for UE to perform efficient cell search on other frequency layers. Therefore, an assistance information call SMTC is introduced in RAN1 NR#2 meeting, as captured below:
	Agreements:
· Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,
· For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured
· UE can be informed of which cell(s) is associated with which measurement window periodicity
· For cell(s) that is not listed, longer measurement window periodicity is used
· Single measurement window offset and duration are configured per frequency carrier
· For IDLE mode measurements, only single SMTC is configured per frequency carrier
· For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier
· RAN1 asks RAN4 if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers


Note that one SMTC per frequency layer is available for UEs even in IDLE mode. But RAN1 has not yet determined where to allocate SMTC information to UE. Since IDLE mode UE does not have any RRC message exchanging with the network, the only way to provide this information is via SIBs.
[bookmark: _Ref492413139]Observation 2: SMTC for all frequency layers should be provided in SIB together with the information about intra-frequency and inter-frequency neighboring cells to be access by IDLE mode UE.
[bookmark: _GoBack]Given the STMC for each frequency layer, UE can efficiently perform cell search based on SMTC. Therefore, it is reasonable that UE is not required to perform cell search during the time intervals which are outside the indication of SMTC. Note that during cell search, UE will select the cell without informing network and nor reporting beam-level information.
[bookmark: _Ref492413149]Proposal 1: IDLE mode UE is not required to perform cell search on the time intervals outside the indication of SMTC.
4	Cell Search in CONNECTED mode
After some cell search, UE will select a cell, transmit PRACH and starts to exchange RRC messages with network. After camping on this cell, UE still keeps searching for cells in intra-frequency layer and inter-frequency layers. 
For intra-frequency, UE may be informed with more detail knowledge about the SSB than SMTC. For an example, in last RAN1 meeting, a WA was agreed that a new signalling about SSB is provided to UE, as captured in the Appendix 1 with some detail omitted. To our understanding, this information is limited to the serving cell and is used for rate-matching but not for measurement. Therefore, SMTC is still the only information that UE has for intra-frequency cell search and measurement. In general, we think that UE still only needs to perform intra-frequency cell search based on SMTC. 
Observation 3: In CONNECTED mode, UE is not required to perform intra-frequency cell search outside the SMTC.
For inter-frequency, UE needs to preform cell search based in the measurement gap configuration. Measurement objects can be configuration to UE with updated SMTC information. Therefore, UE has the SMTC information for all inter-frequencies. This means that UE needs to schedule itself in each gap to guarantee that it will not to jump to a frequency without SSB during the gap duration. Of course, this requires a proper deployment at the network side to make this inter-frequency measurement efficient, e.g., to avoid an empty gap without SSB from all frequency layers. In general, we think that UE still only needs to perform inter-frequency cell search based on the overlap of measurement gap and SMTC. 
Observation 4: In CONNNECTED mode, UE is not required to perform inter-frequency cell search outside the overlap of measurement gap and SMTC.
5	Reporting with SSB Time Index
When a cell is detected, UE will perform measurement w.r.t. that cell. UE may detect multiple SSBs from the same cell during cell search. If the received signals of those SSB are strong enough, UE tries to measure their SSB RSRP. When the RSRP of some SSB are strong enough over a certain threshold, UE will consolidate them into a cell-level RSRP. This procedure is agreed in RAN2[1]. 
Additionally, as agreed in RAN2#98, Network can configure UE to also report SSB-level RSRP, as captured below:
Agreements
1	There is an additional configurable filter per beam of the beam level measurements output from the L1 filter for the purpose of reporting beam measurement results in RRC measurement reports.
2	There is no additional specified filter between the L1 filters and cell quality derivation function for the purposes of cell quality derivation
3	Same NR measurement model is applicable for measurements performed on CSI-RS or NR-SS.
If network does not configure UE to report the SSB-level RSRP, then UE just needs to report the cell-level RSRP after consolidation. UE even does not need to know the time indices of the SSBs that used in consolidation.
[bookmark: _Ref492413141]Observation 3: If network does not configure UE to report the SSB-level RSRP, UE is not required to know time index.
If network configures UE to report SSB-level RSRP, then UE will need to report not only the RSRP values but also their corresponding time indices. To get the time index, there are 2 cases:
· In sub-6GHz, the time index is carried by the scrambling sequence of PBCH DMRS. Therefore, UE needs to perform blind detection on the sequence. The blind detection performance may need to be studied in RAN4 in order to make sure UE can detect the time index with acceptable performance requirement.
· In mmWave, the time index is separated into two parts. One part carried by the scrambling sequence of PBCH DMRS, and the other part carried in MIB. In this case, the decoding of PBCH is unavoidable. 
[bookmark: _Ref492413142]Observation 4: If network configures UE to report the SSB-level RSRP, UE is required to perform blind detection on PBCH DMRS and UE may also need to decode neighbouring cell PBCH for the time index.
In our opinion, blind detecting on DMRS sequence demands less complexity than PBCH decoding. The former can be considered as part of the channel estimation of PBCH DMRS, while the later additionally needs noise estimation, MIMO demapping, de-rate-matching, channel decoding, CRC checking and perhaps some cross-burst combining. Furthermore, Polar code is used for PBCH. It will further complicated the scheduling on Polar decoding when UE also needs to monitor PDCCH.
[bookmark: _Ref492413143]Observation 5: PBCH decoding demands higher complexity than blind detecting on PBCH DMRS sequence.
No matter in sub-6 or mmWave, extra effort is needed in UE to acquire the time index. It is desired to arrange a specific time interval for time index acquisition. From UE implementation perspective, it is not desired to start acquire time index during cell search phase or measurement phase because it is not guaranteed that this will eventually be reported to network. In our view, it is preferred that additional time margin for time index acquisition is introduced in the test after even triggered. In other word, the reporting delay would be extended due to time index acquisition. An example is provided in Figure 2.
[image: ] 
Figure 2. Time line for cell search, measurement, time index acquisition and reporting
[bookmark: _Ref492413150]Proposal 2: Additional reporting delay should be allowed if UE needs to acquire time index before measurement reporting.
The exact amount of time (i.e. T3-T2 in Figure 2) to be extended required some study in RAN4. It could be different for sub-6 and mmWave. Although there are still some parameters which are not finalized in RAN1, e.g., payload size of PBCH, we think RAN4 can still start to discuss how to specify the extra time needed for time index acquisition. In Figure 3, we provide a BLER results for PBCH with the simulation assumption provided in Appendix 2. The simulation is conducted based on 2Rx antenna with one-shot decoding. RAN4 can further discuss if multi-shot or more antennas is needed.
[bookmark: _Ref492413152]Proposal 3: RAN4 to further discuss the amount of time for additional reporting delay for time index acquisition.

[image: cid:image001.png@01D32656.A256B230]
Figure 3. PBCH decoding performance

6	Summary 
In this paper, we discuss NR cell search for initial access, IDLE mode and CONNECTED mode. We also discuss the issue of extra time for PBCH decoding. We have the following observations and proposals:
Observation 1: Given the same raster, the initial cell search delay of NR could be 4 times longer than that of LTE.
Observation 2: SMTC for all frequency layers should be provided in SIB together with the information about intra-frequency and inter-frequency neighboring cells to be access by IDLE mode UE.
Observation 3: If network does not configure UE to report the SSB-level RSRP, UE is not required to know time index.
Observation 4: If network configures UE to report the SSB-level RSRP, UE is required to perform blind detection on PBCH DMRS and UE may also need to decode neighboring cell PBCH for the time index.
Observation 5: PBCH decoding demands higher complexity than blind detecting on PBCH DMRS sequence.
Proposal 1: IDLE mode UE is not required to perform cell search on the time intervals outside the indication of SMTC.
Proposal 2: Additional reporting delay should be allowed if UE needs to acquire time index before measurement reporting.
Proposal 3: RAN4 to further discuss the amount of time for additional reporting delay for time index acquisition.
7	Reference 
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Appendix 1
Agreements:
· At least for rate matching purpose for serving cell, for below 6GHz, full bitmap (8bits) is used for indication of actual SS/PBCH block transmission
· FFS: whether to support indication of actual SS/PBCH block transmission for mobility measurement at least for neighbour cells, how to indicate it, and whether this indication is applied to mobility measurement for serving cell
· FFS: whether the indication can be used for the RACH preamble configurations and associations
Working assumptions:
· UE-specific RRC signaling with full bitmap can be used for indicating the actually transmitted SS blocks for both sub6GHz and over6GHz cases
· The actually transmitted SS blocks is indicated in RMSI for both sub6GHz and over6GHz cases
· Indication is in compressed form in above 6 GHz case, and an indication method is down-selected from following alternatives
· Alt.1: ..
· Alt.2: …
· Alt.3: …
· Alt.4: …
· Alt.5: …
· Alt.6: …
· Other alternatives are not precluded
· Indicated resources are reserved for actually transmitted SS blocks
· Data channels are rate matched around actually transmitted SS blocks

Agreements:
· UE assumes a single periodicity i.e., SS burst set periodicity, for all SS/PBCH blocks for a cell
· At least for rate matching purpose, the single periodicity value is configured for the serving cell separately from SMTC. Otherwise the default periodicity, 5 ms, is assumed
· Note: UE is not expected to perform rate matching based on SMTC
· 
Appendix 2
	Parameter
	Value

	Carrier frequency
	2 GHz

	Transmission scheme
	Single antenna

	Time domain allocation
	2 OFDM symbols

	Sub-carrier spacing
	15 kHz

	Channel model
	EPA, ETU, 
TDL-C 300ns, TDL-C 1000ns

	UE speed
	3km/h

	Channel coding
	Polar

	Modulation order
	QPSK

	Payload size
	53 bits

	CRC length
	19 bits

	Channel estimation
	Real

	Receiver algorithm
	2 RX MRC

	RS density
	1/4

	Performance
	1-shot detection
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