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1. Introduction
In RAN4#82bis meeting, way forward on NR RRM [1] was agreed.
Interested companies are invited to contribute in at least the following initial focus areas for NR RRM in RAN4#83. 

· Analysis of decisions made in other working groups eg RAN1, RAN2 in April and earlier meeting rounds, in view of the impact to RAN4 RRM requirements
There were discussions [2~4] on cell identification in NR in the last RAN4 meeting. RAN1 also made further agreements regarding NR initial access and synchronization signal. In this contribution, we provide our views on cell identification for NR.
2. Discussion
2.1 Summary of RAN1 agreements

The agreements regarding synchronization signal and initial access procedure during RAN1#88bis are captured in RAN1 LS [5].
Agreements:

· Working assumption: Number of PSS sequences: 3

· PSS sequence details:

· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)

· 1 polynomial: octal 145

· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals

· Initial poly shift register value: 1110110

· FFS modified ZC: 2 ZC sequences concatenation or interleaving in time or freq., 4 ZC sequences concatenation in time

· Number of SSS signals: 1000 post-scrambling

· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence
· Note that PSS will be mapped to consecutive 127 subcarriers

· SSS sequence length: 127

· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz

· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
· SSS sequence details: Long M-sequence with scrambling

· SYNC frequency raster: RAN1 assumes that RAN4 will decide it 

· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)

· PBCH phase reference: DMRS
· PBCH TTI: 80 msec
Other NR-SS related agreements are as following.
Agreements:

· The number of antenna ports of NR-SSS is 1  
· Support about 1000 hypotheses provided by NR-PSS/SSS to represent NR physical cell ID for NR-SS design.

· FFS: indication of radio frame boundary by NR-SSS
· In both single beam and multi-beam scenario, support only time division multiplexing of PSS, SSS and PBCH.
· Number of symbols per SS block 

· 1 symbol NR-PSS

· 1 symbol NR-SSS

· 2, 3 or 4 symbols NR-PBCH (to be decided once the payload and NR-PBCH design has been agreed)

· FFS: Multiplexing of TSS/TSCH in SS block if TSS/TSCH is agreed to be introduced

· In a single SS block, the symbols are consecutive

· The following methods are considered for the indication of which of the nominal SS blocks in SS burst sets that are actually transmitted:

· PBCH
· Remaining minimum system information

· Other SI

· dedicated signaling

· Other methods are not precluded 
· Consider flexibility and signaling overhead.
· Note that nominal SS block is the possible SS block time location

· Note that the number and positions of the nominally transmitted SS blocks in an SS burst set is predefined.
· The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are

· For frequency range up to 3 GHz, the maximum number of SS-blocks, L,  within SS burst set is [1, 2, 4]

· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [4, 8]

· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [64]

· The way the value of L is reflected in specification is FFS

· Aforementioned values are to be used to facilitate the NR initial access design and evaluate the specification impact

· Possibility of having unified frequency agnostic signaling design is not precluded

Working assumption:

· NR-PSS, NR-SSS and NR-PBCH are presented in every SS block

· FFS: deactivated cell case (if defined)

Regarding SS burst set periodicity following agreements were made in RAN1#88 meeting. 
Agreements:

· For CONNECTED and IDLE mode UEs, NR should support network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)

· Network provides one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration if possible

· In case that one SS burst set periodicity and one information regarding timing/duration are indicated, UE assumes the periodicity and timing/duration for all cells on the same carrier

· RAN1 recommends shorter measurement duration than configured periodicity e.g., 1, 5 or 10 ms

· Note that L1/L3 filtering across multiple periods is still allowed

· FFS more than one periodicity/timing/duration indication 

· If the network does not provide indication of SS burst set periodicity and information to derive measurement timing/duration the UE should assume 5 ms as the SS burst set periodicity

· NR should support set of SS burst set periodicity values for adaptation and network indication

· Candidate periodicity values to be evaluated are [5, 10, 20, 40, 80 and 160 ms]  

Agreements on SS periodicity in RAN1#88bis are captured in RAN1 LS [6].
RAN1 has agreed on a set of configuration values for synchronization signal (SS) burst set periodicity applicable for UEs in RRC_CONNECTED and IDLE mode that are operating in standalone NR cells, and for UEs that are operating in non-standalone NR cells. The SS burst set periodicity is the period in which the same SS block is repeated. The set of configuration values for SS burst set periodicity under consideration for RAN1 are {5, 10, 20, 40, 80, and 160} ms. 

RAN1 would like to ask RAN4 to check  and  confirm if there would be potential issues on the support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for UEs in RRC_CONNECTED and IDLE mode. Specifically if 160 ms SS burst set periodicity can be used as synchronization source for UEs in RRC_CONNECTED and IDLE mode.
2.2 Discussion
The NR synchronization signals include NR-PSS and NR-SSS which is similar to LTE. There are 3 PSS sequences though this needs confirmation in the next RAN1 meeting. The PSS sequences are based on pure BPSK M sequence which is different than in LTE where ZC sequence is used. The NR physical cell ID is about 1000 which is almost doubled compared with LTE. The increase hypotheses of cell ID would increase UE cell detection complexity. In one SS block there are 1 symbol NR-PSS, 1 symbol NR-SSS and at least 2 symbols of PBCH which are positioned in consecutive symbols. The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are different. The maximum number of SS-blocks for low frequency range is not finalized yet. It is agreed that the number and positions of the nominally transmitted SS blocks, which is the possible SS block time location, in an SS burst set is predefined. How to indicate which of the nominal SS blocks in SS burst sets that are actually transmitted is to be decided.
According to RAN1 conclusion following remaining issues regarding NR synchronization signal need to be finalized in the next meeting.

· Confirmation of WA of NR-PSS

· NR-SSS M-sequence parameters and scrambling details

· Mapping from Cell IDs to sequences

· Maximum number of SS blocks in an SS burst set
· Mapping of NR-PSS, NR-SSS and NR-PBCH to SS block of SS burst set configurations
Link level simulation evaluation is needed to define NR RRM measurement requirements which include cell identification and SS-block RSRP and CSI-RS RSRP measurement. As the NR synchronization signal has not been finalized yet the link evaluation has to wait for RAN1 progress.

The NR cell identification procedure would be different than of LTE. UE needs to search SS-blocks that actually transmitted during one SS burst set period to detect the NR cell. For CONNECTED and IDLE mode UEs, network would provide one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration which is time window for NR-SS detection. Shorter measurement duration than SS periodicity may be provided to UE so that UE can only search in the part of the SS burst set period rather the whole period while in LTE UE searches through the whole 5 ms PSS/SSS period. Thus the complexity of cell detection could be reduced from one shot of cell detection perspective. 
The cell identification delay depends on SS burst set periodicity. The set of configuration values for SS burst set periodicity under consideration for RAN1 are {5, 10, 20, 40, 80, and 160} ms as indicated in RAN1 LS [6]. In general, the cell identification delay could be defined in a way scaled by SS burst set periodicity which is similar as in LTE for discovery signal measurements. On the other hand, one shot of cell detection was evaluated in RAN1 and it is a very important criterion to design NR-SS signal. RAN4 may also consider to defining cell identification requirements for one shot of cell detection.
Observation 1: NR cell identification delay could be defined in a way as scale of SS burst set periodicity.

Observation 2: One shot of cell detection could also be considered when defining RRM requirements for NR cell identification.

When NW indicates one SS burst set periodicity and information regarding timing/duration for NR-SS detection, UE assumes the same periodicity and timing/duration for all cells on the same frequency carrier. However it doesn’t mean that the actual NR-SS configuration of all cells on the frequency carrier is the same. Different cells may be configured with different SS burst set periodicity. If the SS periodicity UE assumed is different than the periodicity configured for the neighbour cell, there would be problems with cell identification.
Suppose the neighbour cell’s SS periodicity is larger than what UE assumes. If UE averages across multiple periods during cell detection, then it would degrade the detection performance significantly. If UE only searches with one shot detection method then neighbour cell can be detected like UE assumes the same SS periodicity, but UE power consumption is increased as it searches faster than it supposed to be.  The possible scenario would be that larger number of neighbour cells is configured with one SS periodicity that NW would inform this one to UE and other neighbour cells are configured with different SS periodicity. RAN4 may need to also consider this scenario when defining NR RRM measurement requirement. 

Observation 3: The configured SS periodicity of all cells per frequency layer would be different though UE assumption is that the same SS periodicity is used in all intra-frequency cells. 
Observation 4: The time/duration for NR-SS detection would be different also if SS periodicity of neighbour cells is different.

Observation 5: It may need to be considered that different SS periodicity is used in neighbour cells when defining RRM measurement requirements.
In RAN1 LS [6] it is informed that the set of configuration values for SS burst set periodicity under consideration are {5, 10, 20, 40, 80, and 160} ms. RAN1 asks confirmation of the values especially for 160ms. The SS burst set periodicity impacts the cell identification delay and SS block RSRP measurement delay. In LTE 40ms sampling rate is assumed for both cell identification and RSRP measurement when defining requirements. SS burst set periodicity of 80ms and 160ms are larger than what is assumed in LTE. Larger SS burst periodicity would lead to long RRM measurement delay if cell identification and SS block RSRP measurement performance are similar as in LTE. The link level simulation is needed to evaluate the impact of larger SS burst periodicity. For example the cell identification performance and SS block RSRP measurement performance should be investigated to see how larger the periodicity could be and it depends on further RAN1 agreements on NR-SS.
Observation 6: Link level evaluation would be needed to confirm the feasibility of SS bust set periodicity.
Regarding the subcarrier spacing for NR-SS, RAN1 has made decision that for frequency range below 6 GHz the subcarrier spacing are 15kHz/30kHz and for frequency range above 6 GHz it is 120kHz/240kHz. RAN4 could further discuss. It would be discussed in RF session if the subcarrier spacing can be further down-selected, for example if 15kHz is used for below 3 GHz and 30kHz is used for frequency ranges between 3 GHz and 6 GHz etc. The subcarrier spacing for NR-SS does not impact the cell identification delay, but it would impact measurement delay of SS block RSRP and CSI-RS RSRP. So it would impact how the RRM measurement requirements are defined.
3. Conclusion
In this contribution, we provide our views on cell identification for NR. Following observations are made.
Observation 1: NR cell identification delay could be defined in a way as scale of SS burst set periodicity.

Observation 2: One shot of cell detection could also be considered when defining RRM requirements for NR cell identification.

Observation 3: The configured SS periodicity of all cells per frequency layer would be different though UE assumption is that the same SS periodicity is used in all intra-frequency cells. 

Observation 4: The time/duration for NR-SS detection would be different also if SS periodicity of neighbour cells is different.

Observation 5: It may need to be considered that different SS periodicity is used in neighbour cells when defining RRM measurement requirements.

Observation 6: Link level evaluation would be needed to confirm the feasibility of SS bust set periodicity.
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