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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

From the above 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[footnoteRef:1] UE, so the NR cell is at least valid in Idle state. Regarding system information distribution within such cell, RAN2 decided at RAN2#95 to split the system information into “minimum system information” which is always broadcasted and “other system information” which can be configured to be either broadcasted or delivered to UEs on-demand. The minimum system information (SI) was agreed to “at least include information to support cell selection, for acquiring other SI, for accessing the cell”. [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.] 


So far, it seems assumed (except [1]-[3]) that, as in LTE, the content of the system information delivered in a cell is the same across the cell, irrespective of the fact that it may include multiple TRPs with each TRP possibly transmitting over multiple beams. On the other hand, one of the agreed guidelines captured in the TR [5] touches upon this as follows: System information distribution should explore and leverage the fact that parts of the system information may be the same across a large area, such as the parts associated to system access (e.g. RACH configuration during state transitions).

In this contribution, we address this issue and suggest allowing some variations in SI content across TRP/beams of an NR cell, except for SI required for camping and cell reselection.
Discussion
[bookmark: _Ref465693388]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. Therefore, it is expected that, similar to LTE, an Idle UE camping in such cell is not mandated to (re-)acquire the system information during mobility within that cell (except upon SI change), thus minimizing its power consumption. Following the agreement that LTE is the baseline, then the above LTE principle should fulfill the above requirement. However, it can be questioned whether all SI can be same in an NR cell involving a large number of TRPs. We aim at answering this question in the following section.
Can all SI be the same across an NR cell?
Clearly, it makes sense that e.g. most SI from legacy SIB1 (cell access related info: PLMN list, cell identity, cell barred) can be the same across a wide area including many TRP/beams. However, for NR, it is expected that the following L1 parameters may need to be configured independently across different TRP/beams of the same cell:
· System bandwidth, antenna configuration
· It is seen restrictive and not forward compatible that all TRPs in a cell would be required to support the exact same system bandwidth and antenna configuration. For example, it should be possible for an operator to increase the TRP density of an existing cell by adding new TRPs with different (e.g. higher) capabilities than those of the existing cell without replacing all TRPs or unnecessarily splitting the existing cell into multiple TRP-specific cells  
· Numerology, e.g., subcarrier spacing, CP length
· Some TRPs might be dedicated to some services with e.g. additional resource for MEC, and these services might be preferably mapped to some specific numerologies  
· TDD DL/UL/GP configuration
· Same as above, it might be desirable to configure TRPs of the same cell with different TDD configurations providing a better match with the UL/DL traffic ratio e.g. associated with, again, different services and traffic types in different parts of the cell.
· System Frame Number (SFN), cannot be common if it would be envisaged that some TRPs be asynchronous within the NR cell 
From the above, it is clear that mandating all TRPs to support the very same L1 configuration across large cells can be a show-stopper to addressing flexible network configuration in support of different service requirements across such cells. In addition, it would prevent from allowing flexible upgrades of the network in time potentially leading to cells made of TRPs with different capabilities (e.g. antenna elements) and/or configurations.
Furthermore, regarding RACH configuration, there might be deployments where the exact same configuration cannot be made common across a large NR cell. For example, different UE density in different areas of the cell would call for different number of RACH resources configured in the TRP/beams in these areas. Also, different RACH resources may differentiate different TRP/beams, as captured in RAN1#86bis agreement:
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
One may argue that high density and/or large cells is not necessarily the best strategy for deploying a large number of TRPs and that a cell can be configured for each (set of) TRP with different L1 configuration. But then the Idle UE camping in this area would unnecessarily need to perform cell reselection and associated SI re-acquisition at a TRP level, which no longer fulfills the requirement of Section 2.1. Hence, it is safe and forward compatible to provision for both common and TRP/beam-specific minimum SI within an NR cell visible in (at least) Idle state.
Proposal 1: System information consists of a common part across the NR cell and a TRP/beam-specific part.
Feasibility in delivering both common and TRP/beam specific SI within a cell
The flexibility in configuring the various TRP/beams of the same cell with different L1 parameters depends on how cell-level common channels and signals (NR-SSS, NR-PSS, minimum SI, …) are broadcasted in the cell. For example, when cell-level broadcast is through low-frequency (LF) carrier assistance, there is more flexibility in differentiating L1 configurations of the TRPs, e.g. they can be asynchronous and support different numerologies as well as different TDD configurations. However, when cell-level broadcast is through Single Frequency Network (SFN), all TRPs clearly need to be synchronized and support one numerology commonly used for the SFN broadcast of NR-PSS/NR-SSS, minimum SI, paging, etc. That numerology would then be supported in the same common subband used for idle state mobility. But each TRP could further support more numerologies in other subbands. A UE supporting a set of NR numerologies might need to be aware if a TRP supports these numerologies before accessing the TRP. In which case the set of numerologies a TRP supports should be broadcasted by the TRP as part of its TRP-specific minimum SI. Note that even with SFN broadcast of cell-level common channels and signals, different TDD configurations could be supported across TRPs as long as there always is a common DL slot where the SFN is used across all TDD configurations and the interference management is performed as LTE eIMTA feature.
In any case, the common (or cell-level) system information is acquired by the UE after synchronization to the NR-SSS/NR-PSS. Then, the TRP/beam-specific SI is obtained from each TRP/beam after synchronizing to a third, non-UE-specific, TRP/beam-specific, DL synchronization signal referred to as TRP/beam-specific SS [6], which detailed design belongs to RAN1.
We provide in our companion contribution [9] different scenarios for common and TRP-specific SI distribution in an NR cell, involving single and dual frequency layers.
Proposal 2: In a multi-TRP/beam cell configuration, it should be possible to broadcast the common system information across the cell through single frequency network (SFN), low-frequency assist or beam-sweeping methods.
Proposal 3: In a multi-TRP/beam cell configuration, each TRP/beam may broadcast its own TRP/beam-specific minimum SI.
Common SI across the cell 
One question arising from the above proposal is “which system information is at least expected to be the same across the NR cell?” In order to address the requirement from Section 2.1, it is clear 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).
This allows fine-tuning proposal 1 as:
Proposal 4: The common part of system information delivered in a multi-TRP/beam NR cell visible at least in Idle state should at least include the camping SI (information only needed for camping on a cell) and, if present, reselection SI.
Conclusion
This contribution discusses the necessary variations of SI content across an NR cell visible at least by Idle UEs. Associated observations/proposals are:
Proposal 1: System information consists of a common part across the NR cell and a TRP/beam-specific part.
Proposal 2: In a multi-TRP/beam cell configuration, it should be possible to broadcast the common system information across the cell through single frequency network (SFN), low-frequency assist or beam-sweeping methods.
Proposal 3: In a multi-TRP/beam cell configuration, each TRP/beam may broadcast its own TRP/beam-specific minimum SI.
Proposal 4: The common part of system information delivered in a multi-TRP/beam NR cell visible at least in Idle state should at least include the camping SI (information only needed for camping on a cell) and, if present, reselection SI.
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