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[bookmark: _Ref460855997]Introduction
Since RAN1#86, an NR cell is expected to include, in some deployments, multiple TRPs and when operating in high frequency (HF), make use of beamformed transmissions. If it might be needed that a UE in Idle state connects to such cell through a single TRP/beam e.g. to start a RACH procedure, it seems power inefficient to request that a UE monitors and tracks each individual beam during mobility while camping. In this contribution, we propose defining two connection levels in Idle[footnoteRef:1] state, cell-level and TRP/beam level, depending on whether the UE is only camping or if it needs to perform a RACH, upon e.g. new data arrival in the buffer. We propose an Idle state NR cell model accordingly. [1:  Note that the contribution focuses on Idle UEs however UEs in the “new state” (also referred to as inactive state) are expected to inherit the properties regarding NR cell, mobility and SI acquisition procedure.] 

Discussion
Camping
In LTE, an Idle state UE camping on a cell is not mandated to (re-)acquire the system information during mobility within that cell (except upon SI change), thus minimizing its power consumption. In NR, a cell may involve quite new and different deployments from legacy e.g. a high density area of small NR TRPs. However, considering UE mobility in such area, a clear concern is the rate of TRP (re)-selection and associated SI acquisition having a direct impact on the battery life. Therefore, it is expected that the above legacy power efficient mobility principle should also apply.
RAN1 defined two DL synchronization signals used to identify an NR cell, at least in Idle state (extract of RAN1 agreements):
· “NR-PSS at least for initial symbol boundary synchronization to the NR cell”
· “NR-SSS for detection of NR cell ID or at least part of NR cell ID”.
And similar to LTE, it is expected, from earlier RAN1 agreements, that such synchronization signals provide means to access the system information broadcasted in the cell. As further discussed in [1][2], in high frequency deployments, cell-level common channels and synchronization signals are expected to be broadcasted in the cell via three possible methods: Single Frequency Network (SFN), low frequency layer assisting carrier and beam sweeping, all methods aiming at compensating for the coverage loss in HF. One common aspect of these broadcast methods is that the UE receives NR-PSS/NR-SSS across the cell coverage without any need for individual TRP/beams to be visible/identified by the UE. Idle state mobility within the cell can follow the same procedure as in LTE as if the UE was receiving NR-PSS/NR-SSS from a single TRP.
Proposal 1: Idle state mobility within a multi-TRP/beam cell is TRP/beam agnostic.
Similarly, cell reselection in Idle state should operate at cell level since it is less power consuming to track neighbor cells from their NR-PSS/NR-SSSs than from each and every possible neighboring TRP/beam. 
Proposal 2: Idle state cell reselection across multi-TRP/beam cells is TRP/beam agnostic.
One additional requirement for allowing the above proposals is that, as in LTE, the same system information applies across the cell. However, as further discussed in [3], it is expected that at least some L1 parameters may need to be configured independently across different TRP/beams of the same cell. As a result it is required that at least the following SI should be common across the cell so as to prevent UE to re-acquire it during Idle state mobility:
· the camping SI (part of minimum SI): all information UE needs to camp on a cell including e.g. information allowing DL control channel monitoring, paging DRX, paging reception.
· Note: RACH parameters are not part of camping SI.
· if present, the cell reselection SI (part of other SI).
Proposal 3: The common part of system information delivered in an NR cell visible by an Idle UE should at least include the camping SI (information only needed for camping on a cell) and, if present, reselection SI.
RACH
As discussed above, UE camps on “cell level”. In LTE, Idle state UE acquires MIB/SIB1/SIB2 at the same time and consequently has all information needed to camp and perform RACH. However, as elaborated in [3], we expect that in NR, different TRP/beams in a cell could be configured with different L1 parameters. This also is reflected in the below RAN1#86 agreement that different RACH resources may differentiate different TRP/beams:
Regardless of whether Tx/Rx reciprocity is available or not at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode
- Association between one or multiple occasions for DL broadcast channel/signal and a subset of RACH resources is informed to UE by broadcast system information or known to UE
- FFS: Signaling of “non-association”
- Detailed design for RACH preamble should be further studied
- Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources
- FFS: Tx beam selection for RACH preamble transmission
It should be noted though that, in order to initiate a RACH procedure at TRP/beam level, an Idle state UE camping on NR-PSS/NR-SSS broadcasted in either SFN or via low-frequency assisting carrier, is required to “move” at TRP/beam level meaning to search and acquire the best TRP/beam-specific synchronization signal (SS) assumed available on top of NR-PSS/NR-SSS (as further discussed in [1]). On the other hand, there should also be the possibility for a UE to start a RACH at cell-level, thus saving (at least momentarily) the above TRP/beam-specific SS acquisition process. Cell-level RACH initiation also provides benefits of multipath RACH in allowing preamble reception by multiple TRP/beams and RAR transmission via SFN broadcast (when cell-level common channels and NR-PSS/NR-SSS are also SFN broadcasted). 
As a result, 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, and once acquired, initiates RACH at TRP/beam level
In option 1, UE acquires cell-level RACH parameters from the minimum SI associated with acquired NR-PSS/NR-SSS, and the cell-level RACH parameters are part of the common SI broadcasted across the cell [3]. The detailed description of the cell-level RACH procedure is provided in our companion contribution [4] in the RACH agenda item as Method 2. Clearly option 1 is the baseline option supported in legacy scenarios where a cell only includes only one TRP, and also as a back-up solution in case TRP/beams exist but the UE is unable to acquire any. One direct consequence of supporting option 1 is that the cell-level RACH parameters should be broadcasted as part of the common minimum system information broadcasted across the cell.
Proposal 3: The common part of system information delivered in an NR cell visible by an Idle UE should include RACH parameters associated with the cell-level random access procedure.
However, in multi-TRP/beams cell configurations, option 2 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 go to TRP/beam level. This also brings the benefit of distributing the RACH load across TRPs in the cell in case of high UE density. In that case, after acquiring the best TRP/beam UE reads the associated TRP/beam-specific RACH parameters from TRP/beam-specific minimum SI, and runs the RACH procedure accordingly at TRP/beam level. The resulting RACH procedure is further described as Method 3 in [4].
It should be noted that options 1 and 2 end-up being the same in scenarios where the cell is identified [and NR-PSS/NR-SSS/minimum SI are broadcasted] via beam sweeping (Method 1 in [4]).
Proposal 4: In Idle state, it should be possible to initiate an NR random access procedure at cell-level, potentially involving multiple TRP/beams, or at TRP/beam level, via a single TRP/beam.
Proposal 5: In a multi-TRP/beam cell configuration, each TRP/beam may broadcast its own TRP/beam-specific RACH parameters as part of TRP/beam-specific minimum SI.
Idle state 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 
	NR-SSS/NR-PSS
	TRP/beam-specific SS

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

	Used for 
	Camping and RACH access 
	RACH access 

	SI 
	Common SI 
	TRP/beam-specific SI 

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


[bookmark: _Ref462566506]Table 1: Idle state NR cell/sub-cell model
Proposal 6: Adopt the hierarchical cell model for Idle state described in Table 1 for NR
Conclusion
This contribution discusses the necessary variations of SI content across an NR cell visible by Idle/Inactive UEs. Associated observations/proposals are:
Proposal 1: Idle state mobility within a multi-TRP/beam cell is TRP/beam agnostic.
Proposal 2: Idle state cell reselection across multi-TRP/beam cells is TRP/beam agnostic.
Proposal 3: The common part of system information delivered in an NR cell visible by an Idle UE should include RACH parameters associated with the cell-level random access procedure.
Proposal 4: In Idle state, it should be possible to initiate an NR random access procedure at cell-level, potentially involving multiple TRP/beams, or at TRP/beam level, via a single TRP/beam.
Proposal 5: In a multi-TRP/beam cell configuration, each TRP/beam may broadcast its own TRP/beam-specific RACH parameters as part of TRP/beam-specific minimum SI.
Proposal 6: Adopt the hierarchical cell model for Idle state described in Table 1 for NR
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