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Introduction
In RAN1#88b, the following agreement was made:
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:  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
· 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

Agreements:
· Same set of configuration values for SS periodicity for CONNECTED/IDLE & non-standalone cases
· Values for configuration set for CONNECTED/IDLE & non-standalone case
· {5, 10, 20, 40, 80, 160} ms
· FFS: how the at least a part of SFN is indicated in PBCH in relation to PBCH TTI
· Send a LS to RAN4 asking confirmation for 5 ~ 80ms, and ask confirmation for support of 160 ms
· List potential issues that companies raised concerns on 160ms into LS.

Agreements:
· Clarify previous RAN1 agreements on the RSRP definition for DL RRM measurements for L3 mobility as follows
· Define SS block RSRP and CSI-RS RSRP as
· SS block RSRP : measured RSRP from SSS
· FFS additional use of PBCH-DMRS for measurement 
· CSI-RS RSRP : measured RSRP from CSI-RS in connected mode

In this contribution, we discuss the properties of the SS block with respect to the measurements for the purpose of mobility measurements in IDLE and CONNECTED mode, with a focus on CONNECTED.
[bookmark: _Ref178064866]Discussion
The discussion regarding using the measurements on the SS block is meant to define a framework to enable RAN4 to start requirement for the procedure. Here, we start with proposal on subcarrier spacing for completeness, although it should be obvious: 
[bookmark: _Ref481678893]The UE can use SS block for L3 measurements for mobility for the subcarrier spacings defined for the SS block for the relevant band.
Relevant SS burst set periodicities
In contrast to LTE, the NR standard will allow several periodicities of the reference signal used for RRM measurements for mobility. It is reasonable to assume that several periodicities will be present also in the deployed systems, at least in the longer term;
[bookmark: _Ref481678809]NR will allow many SS burst set periodicities: {5, 10, 20, 40, 80, 160} ms. For cells supporting initial access, the SS burst set periodicity will be {5,10,20} ms.
It is likely that all SS burst set periodicities will be used. Therefore, there will be a need to support L3 mobility based on all of them.
[bookmark: _Ref481765931]NR will need to support L3 mobility for all the defined SS burst set periodicities. 
Use of the PBCH DMRS
It has been agreed to include a DMRS in the PBCH. How many REs will be used for DMRS inside the PBCH is still open for discussion, but densities of 2-4 REs/OFDM symbol/PRB are relevant [1]. Since, according to the current agreement, the PBCH uses 288 subcarriers, the REs with DMRS are spread over a wider bandwidth than the PSS/SSS, leading to more averaging in the frequency domain. There is thus a gain in received signal energy, as well as additional frequency diversity. It seems natural to take the opportunity and include also the PBCH DMRS in the estimation procedure.
To investigate the potential gains of including also the PBCH DMRS in the calculation, link evaluations have been performed. RSRP estimation accuracy of different RS options has been compared in low and medium dispersion conditions (30 and 300 ns RMS delay spread) in 20 MHz signal BW at 15 kHz subcarrier spacing. The SSB was modelled as the 4-symbol block agreed in RAN1#88bis: PSS/SSS consisting of 144 subcarriers and PBCH consisting of 288 subcarriers. While there is no agreement yet on the DMRS structure, we assumed that every 6th RE in the PBCH symbols is allocated to DMRS. As a comparison, estimation accuracy based on a full-BW (20 MHz) CSI-RS with comb factor 2 was also simulated.  

Figure 1: Median absolute RSRP estimation error for a low-dispersion channel.



Figure 2: Median absolute RSRP estimation error for a moderately dispersive channel.
The plots depict RSRP estimation accuracy using the CSI-RS, the PSS/SSS only, and PSS/SSS together with PBCH DMRS. Both SSB-based performance curves show an expected gap to the CSI-RS. This is due to both the larger number of REs and the full-BW span of the CSI-RS signal, whereby noise is suppressed more effectively and channel variations over the band are captured fully. Comparing SSB-based estimation with and without PBCH DMRS, utilizing the DMRS provides slightly improved RSRP estimation accuracy at low SNRs, but the  gains are minor in the evaluated conditions. 

Although the SSB-based measurements offer relatively lower accuracy than CSI-RS in some scenarios, most obviously at low SNR and at low dispersion, the resulting absolute estimation errors are moderate (1-2 dB at 50-percentile, up to 3 dB at 75-percentile) and likely sufficient for RSRP measurements in many practical deployments. Using PBCH DMRS in addition to PSS/SSS in SSB-based RSRP estimation should therefore be supported since it can provide performance improvements in some situations. We thus propose 
[bookmark: _Ref481678914]The UE should use the PBCH DMRS in addition to the PSS/SSS for mobility measurements in IDLE and CONNECTED mode.

Conclusions
In this contribution we made the following observations:
1. NR will allow many SS burst set periodicities: {5, 10, 20, 40, 80, 160} ms. For cells supporting initial access, the SS burst set periodicity will be {5,10,20} ms.
Based on the discussion in this contribution we propose the following:
1. The UE can use SS block for L3 measurements for mobility for the subcarrier spacings defined for the SS block for the relevant band.
1. NR will need to support L3 mobility for all the defined SS burst set periodicities.
1. The UE should use the PBCH DMRS in addition to the PSS/SSS for mobility measurements in IDLE and CONNECTED mode. 
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