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1	Introduction
In previous RAN1 meetings we have been contributed in [5] and [6], the need of extending physical Cell ID in NR system compared to LTE. Furthermore, we note that contribution in [7] basically discuss very similar proposal. 
In this contribution, we discuss future needs of cell identification in NR based on [6] and [7].
2	Discussion
2.1	Scenario and requirements
In NR, the system should be able to provide significantly more capacity. Many times this has been referred as 10 000x more capacity. This will require very small cells and typical ISD of 500m in dense urban deployments will shrink significantly especially in frequency layers providing high capacity. Additionally, majority of the new spectrum will become available at high frequencies that will drive towards small cells with high penetration loss from walls and other shadowing objects. However, supporting high speed scenarios for e.g. trains and cars is important and thus overlay coverage layer will introduce large cells potentially overlapping highly dense areas, resulting significant mixture of different cell sizes.
If we consider some very high dense areas such as Manhattan New York, we could estimate future deployment densities of the macro and small cells. One worst case estimation, could indicate that network could have 20 macro cells/km2 and up to 40 000-80 000 small cells/km2 with average size of 100m2 or 50m2 respectively. The estimation is based, that there is 4km2 indoor space for 1km2 of outdoor land, with average of 8 floors in each building and 50% of land is used for buildings. Furthermore we not that New York may not be even the most dense future city during next decade, as even high population densities are expected in other megacities [9].  
Even though, above calculation is very simple and not directly reflecting to any real network deployment, it gives us rough view of future networks that we might foresee. It is clear that deploying such high number of small cells would require extremely flexible deployment supporting at least:
-	Extensive automatic configuration and adaptive deployment.
-	Self backhauling – power cable or big battery is sufficient for NR eNB deployment
-	Network power efficiency resulting cells without or very limited periodic system information broadcast
-	Network topology changing and adapting to the capacity needs
Additionally, due to spectrum sharing and unlicensed spectrum, multiple operators may start sharing same spectrum resulting that:
-	Certain spectrum may have cells that UE is not able to access due to PLMN restrictions. This can be seen similar to the CSG-cells operations.
-	Certain cells in certain location are reserved for specific service slice.
Observation 1: In future NR networks extensively high number of cells are expected.
2.2	Summary previous contributions
In contributions [5] and [6] we discuss the benefits for NR system operation when PCI value range is extended and SIB1 reading is avoided in case of: 
· Network controlled mobility, when the handover decision is done based on UE measurement reports. For correct handover decision, the NW needs to be able to ambiguously associate measurement report to the cell and possible beam. 
· UE based mobility in both cases when UE is performing cell re-selection in “power save” mode, i.e. RRC Connected Inactive mode as well as in case of fast cell change in high operating frequencies when serving cell quality drops rapidly.
Furthermore, in [6] we identified that extended physical cell ID is not need to be detected or decoded from very weak cell that are not considered as candidate cell. Rather, additional efforts can be done only after cell is close to measurement reporting phase criteria in network controlled mobility or UE based cell reselection or fast re-establishment. Therefore, extensive detection and decoding efforts and corresponding UE power consumption can be avoided.
Finally we considered in [6] that either third synchronization signal level or include additional Physical layer Cell ID in MIB would be possible depending on SS-block and PBCH design. We discuss these aspects further in section 2.3.
We reading contribution in [7] together with [8] and [9], we note that in [7] it is proposed that Mobility Reference Signal (MRS) would include extension of Physical Cell ID. Even though contributions leave it slightly open what is exact proposed concept of MRS and whether there is difference between MRS and SS-Block, we note that based on [8] both would at least conceptually similar signals as PSS and SSS are expected. The contribution [7] identifies both options of including physical cell id in either third synchronization signal level or in MIB transmitted in PBCH. 
Based on this and discussion in previous contributions we propose that. 
Proposal 1: NR specification shall support in extend of 80 000 physical layer cell ID.
Proposal 2: Physical layer cell ID shall be able to be acquired fast and power efficient manner without SIB1 reading, for both network controlled and UE based mobility scenarios.
2.3	Considerations on method for providing larger cell ID
The meet fast acquisition requirement we believe that large cell ID should be provided as part of discovery signals, i.e.  in SS-block together with PSS/SSS. Thus, the possible options are to introduce third synchronization signal level or include some additional bits into MIB. 
If third synchronization signal level (TSS) is introduced and sequence length same as in SSS, we would have PSS *SSS * TSS = 3 *168 *168 = 84672 different physical cell Id, which would be sufficient amount even in scenario above. The benefit of this scheme would be that detection of additional sequence would be very fast and could happen in same SNR level as SSS. The drawback would be that transmitting third synchronization would increase the number of symbols needed to transmit in discovery signals, and instead of using TSS for cell ID extension, we consider that TSS would be used for SS block index indication as discussed in [11] . 
The alternative method would be to include additional Physical layer Cell ID in MIB. If MIB would contain e.g. 8 bits we would have PSS*SSS*2^8 = 129024 extended physical cell Ids. Based on our MIB size estimation in [xx] 24 to 32 bits could be included in MIB similarly as in LTE or NB-IOT respectively. Additionally, the ASN.1 coding would allow additional flexibility to utilize and introduced overhead would not be larger than third synchronization signal.
The drawback of this solution is that physical cell ID would be only available after decoding of MIB and would require some extra processing from UE. However, this could be limited to define requirements when MIB decoding is needed to avoid MIB decoding for all detected cells with very low SNR value which UE could estimate from SSS [12]. Additionally, for e.g. measurement configuration for the macro coverage layer having limited number large cells, UE could be configured HO reporting based on PSS/SSS, and small cell layer supporting very high data rates would be reported after MIB reading. The reporting for small cells would be only performed for cells having high enough SNR value enabling fast acquisition of MIB of the measured cell. 
Proposal 3: Extending physical cell ID by including physical cell ID extension in MIB in transmitted in PBCH. 
3	Conclusions
In this contribution, we have discussed extension of the physical Cell ID and made following proposals.  
Proposal 1: NR specification shall support in extend of 80 000 physical layer cell ID.
Proposal 2: Physical layer cell ID shall be able to be acquired fast and power efficient manner without SIB1 reading, for both network controlled and UE based mobility scenarios.
Proposal 3: Extending physical cell ID by including physical cell ID extension in MIB in transmitted in PBCH. 
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