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1	Introduction
In previous RAN1 meeting we have been contributed in [2], the need of extending physical Cell ID in NR system compared to LTE. In recent the RAN1 meeting, RAN1 agreed that PSS and SSS in NR will provide roughly 1000 values that can be used for cell identification. Even though this doubles the PCI size and can reduce PCI confusion in macro cell networks, we expect that it does not really solve the problem expected in future deployment. 
In this contribution, we discuss future needs of extending PCI for cell identification in NR based. 
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, it is important that NR can support seamless mobility and different high speed scenarios for e.g. trams/trains/ cars, a overlay coverage layer(s) with large cells potentially are needed. These large cells will overlap with high frequency small cells highly dense areas, resulting significant mixture of different cell sizes and need of flexible and smooth co-operation between macro coverage cells and small cells.
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 note that New York may not be even the densest future city during next decade, as even high population densities are expected in other megacities [3].  
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.
[bookmark: _Ref473886187]Observation 1: In future NR networks, extensively high number of cells are expected.

2.2 Network controlled mobility
In the network controlled mobility, the handover decision is done based on UE measurement reports. For correct handover decision, the NW needs to be able to unambiguously associate measurement report to the cell and possible beam. If this is not possible the network may prepare HO to wrong neighboring cell. This problem is known in LTE as “PCI confusion” where this association is compromised as multiple neighboring cell use same PCI value. Typically, this occurs when large macro cell operates with high number of small cells.
In LTE, to develop association between used PCI and Global Cell ID, Automatic Neighboring Relation feature was used, where the E-UTRAN is requesting set of UEs to read SIB1 and report global Cell ID with the PCI value to update PCI to Global Cell-ID relation. 
This operation is not aimed to be constant operation but only if PCI values and/or deployment is modified there is need for new ANR process. The SIB1 reading reduces HO performance due to extra delay caused by SIB1 reading as SIB1 is transmitted less often and UE can decode it less reliable than PSS/SSS. As the solution only introduces relation between PCI value and Global Cell-ID, the solution does not help in case that multiple neighboring cells (inter frequency small cells) of the macro cell are using same PCI value. Thus, this solution does not solve future very dense deployments nor situation where multiple operators use same frequency without any PSS/SSS signal coordination. 
In CoMP based mobility, the requirement is very similar as the NW should be able select correct beams from different cells or transmission points. Beams are hidden behind antenna ports as each beam has own antenna port making TRP invisible for the UE. Beams transmitted from different cells compared to beams provided from other TRPs from same cell do not differ as different cells are just using different synchronization signal sequences. Nevertheless, the network needs to have means to select appropriate limited number of antenna ports for UE reporting before actual CoMP transmission as transmitting CSI-RS from all possible ports for all the UEs is not feasible. 
If NW controlled mobility is based on uplink SRS transmission and network’s capability of selecting best cell based on these UL transmission, we believe that NW should have good pre-understanding of which cells/TRPs the reception of uplink SRS transmission should be enabled. This would allow reusing time and frequency resources between UEs which is essential to make scheme scalable. Naturally, network can utilize the information from current serving cell but when considering deployments discussed above, UE reporting cells that it can detect would be beneficial.
Based above discussion we make following observation:
[bookmark: _Ref481759544]Observation 2: Large Cell ID space, which can support fast acquisition and provide unambiguous cell identification without SIB reading, would be beneficial for NW controlled mobility in NR.
2.3	UE based mobility
The UE based mobility is envisioned to be used in NR for two reasons. The first reason is UE cell re-selection in “power save” mode, i.e. RRC Connected Inactive mode and the second reason is fast cell change in high operating frequencies. 
The UE cell reselection in RRC Connected Inactive state would require scheme with following characteristics:
-	Fast and simple cell search and measurement 
-	Detecting all possible candidates fast.
-	Obtain reliable measurement with MIB and possible SIB reading
-	Read MIB and possible SIB only when needed and signal quality is strong enough.
- Robust evaluation reselection scheme
-	Avoiding re-selecting cell where access is denied (barred, wrong PLMN, not supporting UE BW or service)
-	Short interruption time as interruption will cause delay in U-plane latency.
If system information of the neighboring cell is provided in advance by dedicated signaling the UE should be able to identify cell unambiguously to decide which configuration to use and whether to update location to NW. If this can be done without system information reading after cell reselection both interruption time as well as UE power consumption would be optimized.
The UE based fast cell change on high frequencies is needed due to high shadowing loss at those frequencies. Due to high shadowing loss NW controlled handover will face problems due to delays of sending measurement report, HO preparation and sending HO command as serving cell can disappear completely at the point when neighbor is being detected by the UE. Thus, when all downlink channels and uplink RACH are beamformed the mobility becomes UE based beam management where UE indicates best beam out of pre-defined set of beams which can be either intra or inter cell beams. 
To enable UE to perform RACH fast and perform fast cell change the network should provide system information of possible neighboring cells in advance and UE should unambiguously identify neighboring cell, to be able to utilize correct system information when detecting a beam. If unambiguous cell identification and thus access to the new cell would require system information reading beforehand, the cell change would not be fast and possible interruption time to the user service could be significant. 
Based on above discussion we make following observation:
[bookmark: _Ref481759546]Observation 3: Large Cell ID space, which can support fast acquisition and provide unambiguous cell identification without SIB reading, would be beneficial for UE based mobility.

2.4	When UE needs to identify a Cell and beam
As in LTE the physical cell ID is tight to the PSS and SSS sequences it is worth considering at which point the UE really needs to identify cell unambiguously. In our view the UE does not need identify cell in synchronization phase as the UE just finds synchronization signals without knowing which cell or network element is sending this signal. Synchronization signals can be transmitted in SFN manner, and UE sees these as strong multipath and if signal components become outside of CP, those components introduce ISI to the synchronization signals.
Similarly, in measurement phase it is not essential for the UE to identify the cell unambiguously. UE can perform RSRP/RSRQ measurements without identifying actual cell. The UE may keep different SS-block RSRP measurements and CSI-RS RSRP measurement separated based in PSS and SSS sequences and used TX port. Then, only high enough RSRP values could be considered further for identification. 
Therefore, the large Cell ID does not necessarily have to be decoded from very weak cell that are not considered as candidate cell, additional efforts can be rather done only after cell is close to measurement reporting phase criteria in network controlled mobility or UE based cell reselection or fast re-establishment. 
There seems to be no need to define criteria when UE may initiate this additional effort, it could be rather left up to UE implementation, as long as large cell ID is obtained in advance in specific cases. These specific cases can be configured in measurement control by defining whether extension needs to be obtained for measurement report or not. Similarly UE accessing to the cell by using pre-configuration would verify extended PCI from MIB. 
Based on above discussion we propose following:
[bookmark: _Ref481759610]Proposal 1: NR specification shall support extended physical layer cell ID.
[bookmark: _Ref481759616]Proposal 2: Physical layer cell ID shall be able to be acquired fast and power efficient manner without SIB reading, for both network controlled and UE based mobility scenarios.

2.5	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 SS-block together with PSS/SSS. Thus, the possible options are to introduce third synchronization signal level or include some additional bits into MIB. 
The preferred method would be to include additional Physical layer Cell ID in MIB. If MIB would contain e.g. 6 bits we would have PSS*SSS*2^6 = 64000extended physical cell Ids. Based on our MIB size estimation in [5] 32 information bits could be included in MIB similarly as the size in 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 as part of L3 mobility measurements [4]. 
It is shown in [5], that with two symbols used in PBCH transmission we can achieve 1 % BLER at below -4 dB SNR which is considered to be acceptable one-shot detection performance for cells that are good candidates. Thus, when any neighbouring cells is detected from PSS and SSS with signal levels that would able to provide reasonable service for the UE the PBCH can be decode without any additional efforts for mobility actions. 
[bookmark: _Ref473886204]Observation 4: Requiring the UE to receive PBCH from detected cells with signal levels suitable for providing service does not introduce extensive detection and decoding efforts and have minimal UE power consumption impact.
Additionally, for e.g. measurement configuration for the macro coverage layer having limited number large cells and potential high speed UEs, 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. 
[bookmark: _Ref473886269]Proposal 3: Agree to include extension of PCI (extend SSS/PSS cell identities) in MIB by [6bits TBD]. The actual number of used bits is confirmed when the content of MIB is defined. 
3	Conclusions
In this contribution, we have discussed extension of the physical Cell ID and made following observations: 
Observation 1: In future NR networks, extensively high number of cells are expected.
Observation 2: Large Cell ID space, which can support fast acquisition and provide unambiguous cell identification without SIB reading, would be beneficial for NW controlled mobility in NR.
Observation 3: Large Cell ID space, which can support fast acquisition and provide unambiguous cell identification without SIB reading, would be beneficial for UE based mobility.
Observation 4: Requiring the UE to receive PBCH from detected cells with signal levels suitable for providing service does not introduce extensive detection and decoding efforts and have minimal UE power consumption impact.
Based on observations we made following proposals:
[bookmark: _GoBack]Proposal 1: NR specification shall support extended physical layer cell ID. 
Proposal 2: Physical layer cell ID shall be able to be acquired fast and power efficient manner without SIB reading, for both network controlled and UE based mobility scenarios. 
Proposal 3: Agree to include extension of PCI (extend SSS/PSS cell identities) in MIB by [6bits TBD]. The actual number of used bits is  
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