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1 
Introduction
In the previous RAN4 meeting there were some discussions on NR cell identification requirements [1]. Regarding to the current RAN1 agreements on NRSS design [2], e.g. PSS/SSS and NRSS block mapping, the further discussion on the cell identification requirements in RAN4 can be provided.
2 Discussion on the cell identification requirements 
In the last RAN1, NR PSS/SSS sequence design was agreed as below. 

	Agreements: 
· Confirm following working assumptions on NR-PSS as agreements

· Number of PSS sequences: 3

· PSS sequence details:

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

· 1 polynomial: Decimal 145 (i.e. g(x) = x7 + x4 + 1)

· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals
· Initial poly shift register value: 1110110

· Agreements:
NR-SSS sequence design is 1 polynomial with 127 cyclic shifts, and 1 another polynomial with 9 cyclic shifts

· Two generator polynomials will be defined for m-sequences, and cyclic shift according to NR-cell ID is applied to each m-sequence
· Two polynomials are generated by g0(x) = x7 + x4 + 1 and g1(x) = x7 + x + 1
· Initial state is [0000001]
· The cyclic shift values [image: image2.png]
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 are jointly determined by the cell IDs carried by NR PSS (i.e., [image: image6.png]


) and NR SSS (i.e., [image: image8.png]


)), where the cell ID is given by [image: image10.png]NE = 3N + N
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In NR the particular PSS/SSS sequence transmitted in the specific cell can be used to indicate the NR-cell ID (e.g. [image: image14.png]


and [image: image15.png]


). From RAN4 perspective the cell identification delay requirement shall include the time for PSS/SSS detection time and RSRP measurement delay as LTE does. More especially in RAN1, SS block time index shall be carried by PBCH after NR PSSS symbol in a SS block. 
	3GPP RAN1 Working Assumption:
( 3 Bits of SS Block Index within SS Burst Set will be carried as part of DMRS Sequence


Thus UE need not only obtain cell ID but also the beam index of NR SS block by PBCH detection. This beam time index of SS block need to be reported to NW as part of RSRP reporting message for other purpose. That is a cell identification delay in NR could include the time for PBCH decoding. 
Proposal 1: If SS block time index is necessary to be obtained during a cell identification procedure, the delay requirement for NR cell identification can be composed of:

· NR PSS/SSS detection delay
· PBCH detection delay
· RSRP measurement delay
As it is still open for RSRP measurement procedure and whether the beam index need to be known in the cell search procedure, we firstly analysis how to define the requirement of NR PSS/SSS detection delay based on the latest RAN1’ agreements of NR SS block.
The length of SS blocks burst within a SS burst set period may depend on the carrier frequency range. For example, the maximum number of SS blocks within a SS burst set is 4, 8 and 64 for frequency range up to 3 GHz, 6 GHz and 52.6 GHz respectively. And two configuration patterns when SC=15kHz is shown in the figure below.

[image: image16]
Figure 1. An example of SS burst set composition
In principle, all SS blocks can be used for the cell identification. If the number of SS blocks within a SS burst set is different, the opportunities for cell ID detection will be different. As a result, SS block timing configuration which can indicate the available SS blocks within a SS burst periodicity will impact NR PSS/SSS detection performance obviously. 

However, from RAN4 requirements perspective, the requirements depending on SMTC configuration may be too complicated since SMTC configuration can vary very differently. As a result, cell identification requirements which are agonistic to SMTC configuration are desirable.
Proposal 2: RAN4 should strive to define a SMTC configuration agonistic cell identification requirements.  
Unlike RSRP reporting which can be per-beam based if SS block is beamformed, PSS/SSS detection should be per cell based. This is based on an assumption that all beams associated with the same cell should be synchronized in both time and frequency. In principle, all SS blocks can be used for the cell identification. In case of SS block is beamformed, received SNR can be very different SS block by block. When SS block is not beamformed, it is reasonable to assume similar SNR level for all SS blocks. It is well known that only when received SNR is above certain threshold, SS block including PSS/SSS becomes detectable. Due to different SMTC and Tx beamforming, detectable SS block can be unevenly distributed. As a result, it is hard to define the corresponding requirement in a unit of “ms”(like LTE) or SS burst set periodicity or something like that. Instead, it is proposed to define the requirement based on the availability of SS blocks which are detectable for UE.

Proposal 3: Requirements for PSS/SSS detection should be defined as

· UE should be able to detect PSS/SSS within a time period, where there are at least [N] SS blocks, of which the received SNR is not less that [X]dB.    

Additionally, other important aspect to specify RRM requirements in NR is whether RX beamforming applied. This question is also need to be addressed for the cell identification requirements. From our point view, how to model Rx beamforming is completely up to UE implementation. And if RX beamforming considered it will introduce much performance variation which makes difficult to define a unified requirement. For example, in the figure below the PSS/SSS detection performance with several possible beamforming algorithm are given.
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Figure 2. Performance comparison with the different BF implementations

Simulation assumptions can be found in the table below.

Table 1. Simulation parameters 

	Simulation parameters
	Comments/values

	Propagation Condition
	CDL-A

	Number of cells to be detected
	1

	Carrier frequency
	30GHz

	Number of transmitted SS block within a SS burst set period (K)
	4

	TX antennas
	1

	RX antennas
	1,4 


	RX beamforming algorithm
	Opt1: random selection

Opt2: digital BF(LTE codeword)

Opt3: Analogue BF (Sweeping)


Observation 4: It is not realistic to specify a unique requirement to include RX beamforming gain.

With these observations, we can conclude that:
Proposal 4: For sub-6GHz, the RX beamforming shall not be considered when RAN4 defines the cell identification requirements. 
3 Conclusion
In this contribution some consideration on NR cell identification requirements was provided. The following proposals can be drawn: 
Proposal 1: If SS block time index is necessary to be obtained during a cell identification procedure, the delay requirement for NR cell identification can be composed of:

· NR PSS/SSS detection delay
· PBCH detection delay
· RSRP measurement delay
Proposal 2: RAN4 should strive to define a SMTC configuration agonistic cell identification requirements.  

Proposal 3: Requirements for PSS/SSS detection should be defined as

· UE should be able to detect PSS/SSS within a time period, where there are at least [N] SS blocks, of which the received SNR is not less that [X]dB.    

Proposal 4: For sub-6GHz, the RX beamforming shall not be considered when RAN4 defines the cell identification requirements. 
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