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1. Introduction
Since RAN2 #93 meeting, an email discussion was triggered in [1] on System Information for NR. As part of the issues discussed in [1], a recurring requirement raised by some companies is to minimize UE’s power consumption by minimizing unnecessary SI acquisition during “cell” re-selection. Although we do not have an agreement yet on what an NR “cell” is, we propose in this contribution to clarify the above requirement in terms of Idle/Inactive state mobility, and suggest defining a System Information Area (SIA) within which the UE is not mandated to (re-)acquire the essential system information. We provide examples with different deployment scenarios (not necessarily relying on overlaid macro nodes) to illustrate how the SIA can be flexibly configured to achieve the above power consumption optimization goal.
2. Discussion
In the RAN2 #93 meeting, an agreement was made about NR eNB definition:

NR eNB corresponds to 1 or many TRPs

We illustrate in Figure 1 our view on the possible interpretations of such a definition, where the multiple TRPs can be controlled by either a macro BTS or a remote centralized RAN, each providing CN S1-C connectivity to the NR eNB TRPs. 
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Figure 1: NR eNB
This calls for quite new and different deployments from legacy e.g. a blanket coverage of high density small (and likely identical) 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.
Observation 1: In a dense TRP area, idle/inactive UE may have to re-select TRPs frequently.

Therefore, we propose below to first capture some requirements addressing this concern, then define some typical deployment scenarios related to System Information distribution in an NR eNB area and finally propose a solution compatible with the requirement constraints. 
2.1. Idle/Inactive state mobility requirements 
We propose to capture the following requirement in the TR.
Requirement 1: SI (re)-acquisition should be minimized for camping Idle/Inactive UE moving in a potentially large NR eNB coverage area with dense TRP distribution.
Furthermore, as suggested by requirement 7 of question 1b in [1], where “parts of the system information may be the same across a large area”, we expect that within an area involving multiple TRPs, these TRPs share a common set of SI within a SI validity area, referred to as System Information (continuity) Area (SIA) below. With this assumption in mind, we can further refine the above requirement as follows:
Requirement 2: Idle/inactive UE should not be mandated to (re)-acquire system information (SI), even essential, when moving around within a defined area potentially including multiple TRPs.

These requirements drive most design choices of SIA and System Information (SI) delivery discussed in the following and in [2]
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[3]. It should also be noted that they focus on enabling battery life optimization of idle/inactive UEs. However, the well-known battery-saving / access latency trade-off still holds true in that case, so that the above requirements may not apply to some UEs supporting highly time critical services if priority is given to the access latency for such UEs at the expense of shorter battery life. 
2.2. SI distribution scenarios
Before getting into the scenarios, we provide again the essential SI (ESI) classification given in [2]:
Categorization of ESI can be based on whether ESI is the same across an area involving potentially multiple TRP/beams, or is TRP/beam-specific: 
· SI-X: common part across an area involving potentially multiple TRP/beams that can be acquired early (= camping SI + common aspects of access SI)
· SI-Y: TRP/beam-specific part that may be acquired only before performing RACH

We provide below four possible SI distribution scenarios across an area involving multiple TRPs:
Scenario 1 and 2 are homogeneous (single layer network) with:
· Scenario 1: common part SI-X can be empty.
· Scenario 2: common part SI-X is non-empty.
Scenario 3 and 4 are heterogeneous (two layer network e.g. HF layer and overlaid LF layer) with:
· Scenario 3: common part SI-X can be empty.
· Scenario 4: common part SI-X is non-empty.
Scenario 1: 

· TRP/beams in a given area have different SI and the common part SI-X can be empty.
· Each TRP broadcasts its own essential SI (+ part of non-essential SI if also broadcasted) as well as on-demand non-essential SI [2].
This deployment is the same as legacy cells. TRPs can be asynchronous or synchronous.
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Figure 2: Scenario 1, different SI configurations across TRPs, no overlay
Scenario 2: 

· TRP/beams in the same area share some common SI (SI-X is non-empty) corresponding to at least the camping SI (e.g. deployment of identical TRPs)
· All TRP/beams broadcast the same common essential SI-X + their own TRP/beam-specific SI-Y
· SI-X is broadcasted in Single Frequency Network (SFN) manner
· TRPs participating to SFN broadcast are synchronous.
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Figure 3: Scenario 2, some common SI configuration across TRPs, no overlay
Scenario 3 [6]
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[7]: 

· Scenario 1 + overlaid (macro) node.
· Selected overlaying TRP(s) broadcast (on wide angle beam) the different essential SIs (+ part of non-essential SI if also broadcasted) on behalf of other TRPs in LF providing coverage across these TRPs. Other TRPs do not broadcast any SI (e.g. small TRPs are for data throughput only and carry no signaling).
· Enables early acquisition of all ESI
· Other TRPs’ ESI could be delivered on-demand to alleviate broadcast load
· requires idle/inactive UE to perform on-demand SI when changing SIA
· TRPs are synchronous (System Frame Number cannot be different if broadcasted by another node).
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Figure 4: Scenario 3, different SI configurations across TRPs, + overlay macro

Scenario 4: 

· Scenario 2 + overlaid (macro) node.
· One or more overlaying TRP(s) (e.g. LF macro) broadcast on wide angle beam the common essential SI (SI-X) in LF providing coverage across that area.
· All TRP/beams broadcast their own TRP/beam-specific SI-Y.
· TRPs (other than overlaying TRPs) can be asynchronous and broadcast their System Frame Number as part of their SI-Y
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Figure 5: Scenario 4, some common SI configuration across TRPs, + overlay macro
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 does not need to re-acquire SI-X, since SI-X is common to all TRPs in the area. As such it meets requirements 1&2. 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/inactive UE only camps on the overlay node providing coverage across the area. Hence it also meets requirements 1&2. 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/inactive UE only camps on the overlay node providing coverage across the area.. Hence it also meets requirements 1&2. UE may search for other nodes in higher frequencies at the time it needs to access, thus also acquiring the TRP-specific SI-Y. As a result, this configuration supports asynchronous TRPs.
These four scenarios are further compared with respect to their associated SI delivery procedure for Idle/Inactive UEs in [5]. 
Proposal 1: Scenarios 1-4 defined above should be studied for NR SI distribution within NR-eNB.

2.3. System Information Area

A common aspect across scenarios 2-4 is that they allow meeting requirements 1&2 above by creating a virtual area within which idle/inactive UE does not see any change in the camping SI. We propose defining such System Information (continuity) Area (SIA) as follows:
A System Information Area (SIA) is an area where either:
· all TRP/beams in the SIA are configured with at least some common essential SI and possibly part of non-essential SI which is broadcasted. Note: if this includes System Frame Number then all TRPs in the same SIA are synchronized.
· the broadcast can be handled by:
· each TRP individually (SFN transmission if synchronized) or
· via overlaid node(s) (e.g. LF macro) or
· combination of local TRP broadcast and coverage overlaid node(s) e.g. different SI-Y broadcasted locally by each TRP and other common essential SI (SI-X) + non-essential SI which is broadcasted over overlaid node(s) 
or [6]
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[7]:
· a set of potentially different essential SIs used by different TRPs in the SIA is commonly broadcasted by overlaid node(s) (e.g. LF macros) over the SIA coverage
As illustrated in the above figures, the SIA mapping onto the different scenarios is as follows:
· Scenarios 1: SIA is restricted to one TRP
· Scenarios 2, 4: SIA is the coverage area where TRPs have common SI-X
· Scenario 3: SIA is the coverage area of the overlaying LF TRPs
The signaling of the SIA ID to the idle/inactive UE is FFS and should be discussed with RAN1. It should support dynamic and flexible SIA (re)-configuration. An NR-eNB may include several SIAs. The SIA is further discussed and compared with other NR areas in [5]
.
Proposal 2: The above concept of System Information Area (SIA) enabling efficient camping of idle/inactive UE within an NR eNB area should be further studied in RAN2.
Proposal 3: A System Information Area (SIA) is an area where either:
· all TRP/beams in the area are configured with at least some common essential SI and possibly part of non-essential SI which is broadcasted.
or:
· a set of potentially different essential SIs used by different TRPs in the area is commonly broadcasted by overlaid node(s) (e.g. LF macros) over the area’s coverage
3. Conclusion

In this contribution, we proposed solutions for minimizing SI (re)-acquisition of camping Idle/Inactive UE moving in a potentially large NR eNB coverage area with dense TRP distribution, leading to the below observation:
Observation 1: In a dense TRP area, idle/inactive UE may have to re-select TRPs frequently.

As a follow-up, we expressed the following requirements accordingly:

Requirement 1: SI (re)-acquisition should be minimized for camping Idle/Inactive UE moving in a potentially large NR eNB coverage area with dense TRP distribution.

Requirement 2: Idle/inactive UE should not be mandated to (re)-acquire system information (SI), even essential, when moving around within a defined area potentially including multiple TRPs.
To this aim, we proposed four scenarios three of which involving common SI distribution across multiple TRPs, with and without overlay (macro) nodes. The conclusion leads to the need to define a System Information (continuity) Area (SIA) for NR within which camping UE is not mandated to re-acquire SI. The associated proposals are as follows:
Proposal 1: Scenarios 1-4 defined above should be studied for NR SI distribution within NR eNB.

Proposal 2: The above concept of System Information Area (SIA) enabling efficient camping of idle/inactive UE within an NR eNB area should be further studied in RAN2.

Proposal 3: A System Information Area (SIA) is an area where either:

· all TRP/beams in the area are configured with at least some common essential SI and possibly part of non-essential SI which is broadcasted.

or:

· a set of potentially different essential SIs used by different TRPs in the area is commonly broadcasted by overlaid node(s) (e.g. LF macros) over the area coverage
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