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[bookmark: _Ref460855997]Introduction
RAN1 made the following agreements related to initial access design at RAN1 #86 meeting:
· RAN1 should take at least following requirements into account to design initial access
· Providing at least following functionalities
· Detection of NR cell and its ID
· Note: In this context, NR cell corresponds one or multiple TRP(s)
· Initial time/frequency synchronization to the cell
· Providing necessary information for random access
· Providing sufficient number of the identity values to allow deployment flexibility
· FFS: supporting efficient mobility
· FFS: supporting efficient inter-RAT measurement
· Reducing the frequency hypothesis UE needs to search for compared to LTE
· FFS: detecting beam ID(s)

From the above highlighted bullets and given the agreement was made in the context of initial access design, it is clear that the mentioned NR cell and its ID are detected by an Idle UE, so the definition is at least valid in idle state. This is at least RAN2’s understanding as captured in RAN2 #95 meeting report:
=>	RAN2 understanding of RAN1 agreement: There is an "xSS" (similar as LTE cell specific RS). On the "xSS" there is at least a NR Cell Id. The xSS is at least used in idle
Finally, only little time could be spent in RAN2 #95 discussing idle state mobility. There were different views on whether an idle UE camps on a cell by monitoring beams or SFN broadcasted signals or through LF carrier in an LF-assisted deployment. So the agreement that could be captured is: 

Agreements
1:	In the 5G system, the UE camps on the best cell
FFS how the UE determines the best cell 

In our companion contribution [1], we propose mapping the above NR cell concept with the validity area of the system information distributed across one or multiple TRPs. We also propose that, when the cell includes multiple TRPs, part of the essential system information can be common to the TRPs in the cell, and part can be TRP-specific. In this contribution we list four possible NR cell deployment scenarios proposing associated SI distribution solutions and idle state UE behaviour aiming at minimizing its power consumption.
It should be noted that the contribution focuses on Idle UEs however UEs in the “new state” (also referred to as inactive state) are expected to inherit the same NR cell properties and follow the same SI acquisition procedure.
Discussion
[bookmark: _Ref462432227]Requirement
The proposed NR cell concept calls for quite new and different deployments from legacy e.g. a blanket coverage of high density small NR TRPs. However, considering UE mobility in such an area, a clear concern is the rate of TRP (re)-selection and associated SI acquisition having a direct impact on the battery life. It is expected that within such NR cell the Idle UE is not mandated to (re-)acquire the essential system information, thus minimizing its power consumption.
Requirement 1: Idle UE should not be mandated to (re)-acquire system information (SI), even essential, when moving around within an NR cell.
Proposal 1: We propose capturing requirement 1 in the TR.
NR cell scenarios and associated SI distribution options 
We provide below four possible NR cell deployment scenarios across an area involving multiple TRPs and describe the associated SI distribution mechanism:
Scenario 1 and 2 are homogeneous (single layer network) with:
· Scenario 1: no common SI may exist across TRPs.
· Scenario 2: some common SI exists across TRPs.
Scenario 3 and 4 are the same as scenarios 1 and 2 respectively, but heterogeneous: two layer network e.g. HF layer and overlaid LF layer.
Note also that, as discussed in [1], the content of the common SI is primarily (and at least) assumed to be:
· the camping SI (part of minimum SI): all information UE needs to camp on a cell including e.g. information allowing DL cell RS and control channel monitoring, paging DRX, paging reception. RACH parameters are not part of camping SI.
· the cell reselection SI (part of other SI [1])
Therefore if part of the common SI is required to be broadcasted, it is not precluded that some other part (e.g. cell reselection SI) is delivered on-demand.
Note also that even though only the term “TRP” is used below to denote multiple nodes within a cell, such “sub-cell” level entity may also be mapped to beams.

Proposal 2: Scenarios 1-4 defined below should be studied in RAN2 for NR SI distribution within an NR cell
Scenario 1: 
· Each TRP broadcasts and delivers its own “xSS” and SI respectively. SI can be different across TRPs.
· This deployment is the same as legacy cells. TRPs can be asynchronous or synchronous.
· NR cell = {TRP, carrier}


Figure 1: Scenario 1, different SI configurations across TRPs, no overlay
This scenario might be uneasy to use in a dense TRP area as it would not meet requirement 1 above.
 Scenario 2: 
· TRPs in the same cell share some common SI corresponding to at least the camping and cell (re)selection SIs
· All TRPs broadcast the same “xSS” and deliver the same common SI + their own TRP-specific SI (SIn)
· TRPs are synchronous
· NR cell = {Common SI area, carrier}
The broadcasting part of the common SI and “xSS” can be via wide-beam over Single Frequency Network (SFN) [4] or beam sweeping. The SFN case is simpler from the UE perspective as the “xSS” tracking and monitoring is done continuously and transparently (TRPs are not visible). The beam sweeping case is more complex as it requires the UE to track the “xSS” over time slot hypothesis, corresponding to the beam sweeping TDM cycle, thus is less power friendly. However, this scheme should not be ruled out at this stage as NR should provide the flexibility to support beam forming also in idle, if other options are not possible in some specific HF deployments.



Figure 2: Scenario 2, some common SI configuration across TRPs, no overlay
Scenario 3 [2]: 
· Scenario 1 + overlaid (macro) node.
· Selected overlaying TRP delivers the different SIs on behalf of other TRPs in LF providing coverage across the cell. Other TRPs in the cell do not broadcast any SI (e.g. small TRPs are for data throughput only and carry no signaling) 
· TRPs are synchronous (System Frame Number cannot be different if broadcasted by another node)
· Coverage of NR cell = overlaying TRP coverage area
· NR cell = {coverage area, LF+HF carriers}.


Figure 3: Scenario 3, different SI configurations across TRPs, + overlay macro
In this scenario, one question is whether the UE is allowed to camp on either the HF or the LF layer, whichever it finds best, and reselect accordingly. It would mean that the UE can perform cell search concurrently across HF and LF which might be costly from a UE RF perspective and not battery friendly. And if the LF provides sufficient coverage for camping, it is questionable why would UE make his life harder trying the HF. Another aspect discussed in [2] is that a UE camping in the HF layer would still have to acquire the associated system information from the LF layer, thus going back and forth between layers. This seems not desirable from complexity and latency considerations. Moreover, a HF only capable UE would not be able to access this cell.
Another question related to this scenario is if other SI delivery is from each TRP or also from LF overlay node (as suggested in [3]). For example, when cell reselection (part of other SI) is delivered on-demand, it is through which layer?
Scenario 4: 
· Scenario 2 + overlaid (macro) node. 
· Selected overlaying TRP delivers the common SIs on behalf of other TRPs in LF providing coverage across the cell.
· All TRPs broadcast their own TRP-specific SI (SIn). 
· TRPs (other than overlaying TRP) can be asynchronous and broadcast their System Frame Number as part of their SIn 
· Coverage of NR cell = overlaying TRP coverage area
· NR cell = {coverage area, LF+HF carriers}.

 
Figure 4: Scenario 4, some common SI configuration across TRPs, + overlay macro
The same question as for scenario 3 arises regarding whether the UE is allowed to camp on either the HF or the LF layer. The same answer applies here as well.
Proposal 3: In an LF-assisted HF deployment, the idle UE should camp on the LF layer.
Discussion: 
Scenario 1 is the same as legacy and might be uneasy to use in a dense TRP area as it would not meet requirement 1 above.
Scenario 2: a camping UE moving around across the TRPs in the NR cell does not need to re-acquire camping and reselection SIs since they are common to all TRPs in the area. As such it meets requirement 1. This scenario only supports synchronous TRPs.
Scenario 3: this is the same as scenario 1 with additional support of overlay macro node. In this scenario, Idle UE only camps on the overlay node providing coverage across the area. Hence it also meets requirement 1. Similar to scenario 2 it does not support asynchronous TRPs. Moreover, some caution should be taken regarding the broadcast overhead of the overlaid node in case of large SI differences across TRPs and large amount of TRPs.
Scenario 4: this is the same as scenario 2 with additional support of overlay macro node. Similar to scenario 3, Idle UE only camps on the overlay node providing coverage across the area. Hence it also meets requirement 1. UE may search for other nodes in higher frequencies at the time it needs to access (RACH), thus also acquiring the TRP-specific SI. As a result, this configuration supports asynchronous TRPs.
Note also that scenarios 3&4 are described above with a single overlay node, but multiple overlays nodes operating in Single Frequency Network (SFN) to further extend the coverage is also possible.

Another common aspect of all four cell scenarios is that an Idle UE camps on “cell level”, which means that even in the case where the cell includes multiple TRPs, they can be transparent to the Idle UE. 

Proposal 4: An idle UE camps on “cell level”, which means that even in the case where the cell includes multiple TRPs, they can be transparent to the idle UE
RACH
As discussed above, UE camps on “cell level”. Then, when Idle UE needs to perform RACH, there are two options:
1. UE performs RACH at cell level
2. UE searches for the best TRP/beam to perform RACH
In option 1, UE acquires cell-level RACH parameters from the SI associated with “xSS”, and the cell-level RACH parameters are part of the common SI. The RACH procedure is then performed at cell-level. Clearly option 1 should be supported for scenario 1, where a cell only includes one TRP, and also as a back-up solution in case TRP/beams exist, but the UE is unable to find any.
Option 2 should also be studied as it brings the benefit that UE can directly perform UL access to the best TRP/beam rather than performing a first RACH at cell level and then at TRP/beam/carrier level. In that case, UE acquires the best TRP/beam (FFS which DL sync signal is defined for that) and associated TRP/beam-specific RACH parameters, and runs the RACH procedure at TRP/beam level.
It should be noted that options 1 and 2 end-up being the same in scenario 2 when the cell is identified via beam sweeping.
Proposal 5: It should be possible to initiate an NR random access procedure at cell-level, potentially involving multiple TRP/beams, or at TRP/beam level
[bookmark: _Ref462850235]SI acquisition for idle UE
Based on the above discussion, a common baseline SI acquisition procedure in idle state across all scenarios can be derived as follows:
· UE powers up and performs cell search through “xSS” acquisition
· UE selects a best cell (“xSS”) and acquires ESI as part of minimum SI, selects PLMN and finds a suitable cell
· UE performs RACH at cell level and attaches to the network. Doing so, it acquires some NESI, as needed, e.g. cell reselection SI, valid in current cell
· If no data transmission/reception is needed, UE may go back to Idle, where it monitors “xSS” and performs cell reselection when appropriate
· When reselecting a cell, UE re-acquires camping and cell reselection SI
· If cell reselection SI is not broadcasted, UE performs on-demand SI request
· When it needs to perform a RACH there are two options:
· at cell level: UE initiates the RACH procedure based on cell-level channel and RACH parameters
· at TRP/beam level: UE finds the best TRP/beam, acquires associated TRP/beam-specific RACH SI (if any) and initiates RACH procedure accordingly 

Proposal 6: The above procedure should be studied in RAN2 as common baseline SI acquisition procedure in idle state across multiple cell configurations
NR cell model
Based on the above discussions, we suggest modeling the hierarchical cell model for NR as in Table 1, where a “sub-cell” denotes a connection granularity smaller than the cell e.g. TRP/beam/carrier/….
	Model 
	Cell 
	Sub-cell 

	Identity in L1 
	“xSS”
	FFS 

	Mapped onto 
	One or more TRPs and (FFS) carriers 
	TRP/carrier/beam 

	Used for 
	Camping and RACH access 
	RACH access 

	SI 
	Common SI 
	TRP/etc.-specific SI 

	Presence 
	Mandatory 
	Optional (e.g. not present in single TRP cell) 


[bookmark: _Ref462566506]Table 1: NR cell/sub-cell model
Proposal 7: Adopt the hierarchical cell model described in Table 1 for NR
Conclusion
This contribution defines four relevant NR cell deployment scenarios proposing associated SI distribution solutions and idle state UE behavior aiming at minimizing its power consumption during mobility. The associated proposals are:
Requirement 1: Idle UE should not be mandated to (re)-acquire system information (SI), even essential, when moving around within an NR cell.
Proposal 1: We propose capturing requirement 1 in the TR.
Proposal 2: Scenarios 1-4 defined above should be studied in RAN2 for NR SI distribution within an NR cell
Proposal 3: In an LF-assisted HF deployment, the idle UE should camp on the LF layer.
Proposal 4: An idle UE camps on “cell level”, which means that even in the case where the cell includes multiple TRPs, they can be transparent to the idle UE
Proposal 5: It should be possible to initiate an NR random access procedure at cell-level, potentially involving multiple TRP/beams, or at TRP/beam level
Proposal 6: The procedure of Section 2.4 should be studied in RAN2 as common baseline SI acquisition procedure in idle state across multiple cell configurations
Proposal 7: Adopt the hierarchical cell model described in Table 1 for NR
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