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1	Introduction
RAN1 send a LS to RAN2 (R2-1703926) regarding initial access working assumptions and agreements:
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

In this paper we discuss implications of working assumption on acquiring timing index. Timing index can be considered in RAN2 as identity of beam i.e. beam index used e.g. in RRM reporting of beams. 
2	Discussion
In LTE UE can measure and report neighbouring cells without acquiring any system information. In LTE this was vital as system information was not designed in such a way that UE could receive reference symbols and identify cell (SSS/PSS) “simultaneously”. In LTE PBCH was derived in such a way that UE would need to receive in many occasions PBCH multiple times and combine those to successfully receive MIB. If in this kind of system UE would be required to receive MIB (PBCH) every time it measures neighbouring cell would cause huge impacts to measurement gap designs as well as UE power consumption. 
Observation 1: It is not feasible in LTE to assume that UE would need to receive MIB for each neighbouring cell when doing measurements/reporting
[image: ]
Figure 1. Illustration of possible SS Block compilation based on RAN1 agreements
In NR as seen in Figure 1 the design can be quite different compared to LTE. SSS/PSS (sent with 12 PRB) and PBCH (24 PRBs) form the SS Block that is used to enable UE to obtain timing (and frequency) synchronisation. 
In order to meet the coverage and performance targets of NR, it is evident that beamforming needs to be supported also for the synchronisation signals and broadcast channels. It is also evident that in order to facilitate the mobility related procedures (e.g. handovers) network needs to be able to identify, in addition to the cell, also the beam would need to be identified. To achieve this RAN1 has agreed that SS Block will carry information to enable UE to identify the timing related parameters (symbol/slot etc., details FFS) i.e. SS-block timing index. Together with the agreement (RAN1) that the pattern of possible SS-Block time locations is known (per frequency band) the SS-block beam could be identified based on UE reports. 
So let’s consider the UE doing measurements of cell – It would need to receive at least following elements:
1. SSS/PSS to identify the cell
a. SS-Block can be sent with 5,10,20,40,80,160 ms periodicities
2. UE needs to identify SS block(s)  by obtaining the SS Block timing index 
a. As indicated by RAN1 they made assumption of providing timing index on PBCH
3. UE can use NR-SSS to measure the ‘SS-Block-RSRP’ of the beam used to transmit SS-Block.  Note it is still under study in RAN1 whether UE could use also PBCH DMRS for this purpose
Note that in addition to SS Block based measurements, CSI-RS based measurements could be needed to identify the underlying sub-beams or TRPs (when SS Block is transmitted by using multiple beams and/or TRPs.
So by receiving consecutive symbols whenever receiving SSS/PSS UE could also acquire PBCH. Though it would be critical that PBCH can be received in one shot manner, otherwise UE would need to receive PBCH multiple times before being able to decode contents. This would mean that just receiving SS block would not mean that UE could actually be able to identify the SS-beam. Such a design would be detrimental to UE power consumption as well as to measurement gap needs.
Making such a design can be problematic if PBCH is getting lot more contents than just the SS block timing index. Designing PBCH with lots of capacity to be of same coverage with one shot detection than SSS/PSS would be very difficult. 
Observation 2: SS beam should be identifiable with one shot to ensure decent UE power consumption and measurement gap requirements
As UE may also need to receive (PBCH) DMRS to measure SS beam. As the DMRS is sent on same symbols (in time domain) as PBCH there is no negative impact of doing that unless one can design system in such a way that SS block index is received in same symbols in time domain as SSS&PSS. Of course, it could be possible that from measurement perspective UE is not required to receive all the DMRS resource elements, but that sufficient accuracy could be achieved either by using only part of the symbols (i.e. 1 symbol) or part of the frequency BW (e.g. 12 PRBs).
Observation 3: If all DMRS RE’s are required to be received to derive SS block RSRP it would be possible to receive also PBCH at the same time.
Observation 4: If all DMRS RE’s are not required (e.g. DMRS RE multiplexed together with SSS/PSS or only same BW as for SSS/PSS is required) to be received to derive SS block quality UE RF would need to be receiving longer/wider in order to just receive PBCH.
Observation 5: If SS block can be identified without PBCH acquisition and all DMRS RE’s (e.g. only one occasion of DMRS REs sent together with SSS/PSS) are not required to derive SS block quality, would be beneficial to UE power consumption and measurement gap design as it would allow reception with narrower bandwidth
If CSI-RS reception is required for neighbouring cells measurement reporting then also CSI-RS should be multiplexed in such a way that one could receive CSI-RS concurrently when receiving SSS/PSS. Otherwise one would need to design a system with much more frequent measurement gaps and more UE power consumption.
Observation 6: If CSI-RS reception is required for neighbouring cells measurement reporting, CSI-RS should be multiplexed in such a way that one could receive it concurrently with receiving SSS/PSS.
3	Conclusion
In this paper we gave short analysi on the PBCH Reception requirement in case of doing measurements. Based on observations we have drafted a LS to RAN1 [2] to give RAN2 view on the PBCH Reception to acquire timing index.
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