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1 Introduction
In the objective of NR study item [1], it’s necessary to ensure forward compatibility for later phases of NR. In RAN1#84bis, forward compatibility for NR is discussed. The following agreements have been reached: 

· Phase 1 and later phases of NR should be designed with the following principles to ensure forward compatibility and compatibility of different features:

· Strive for

· Maximizing the amount of time and freq. resources that can be flexibly utilized or that can be left blanked without causing backward compatibility issues in the future 

· Blank resources can be used for future use

· Minimizing transmission of always-on signals

· Confining signals and channels for physical layer functionalities (signals, channels, signalling) within a configurable/allocable time/freq. resource

During RAN1#85, agreements regarding forward compatibility design in NR.
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported
· FDM and/or TDM multiplexing can be considered
In addition, NR study item also focuses on system energy efficiency, the capability is to minimize the RAN energy consumption while providing a much better area traffic capacity, and relevant descriptions are captured in the following.
· Network energy efficiency shall be considered as a basic principle in the NR design

· The target is a design with:

· the ability to efficiently deliver data, and 

· the ability to provide sufficiently granular network discontinuous transmission when there is no data to transmit and network availability is maintained
Following 5G SI scope and NR design agreements in RAN1 meeting, this contribution focuses on system information delivery and acquisition scheme which could reduce system energy consumption while at the same time preserving forward compatibility capability. The design is specialized in heterogeneous scenarios where multiple TRPs co-exist and coordinate for system information transmission. Considering system energy efficiency, periodically transmitted essential system information (SIs) are specified and restricted to be delivered by Macro TRP, while service specific SIs are provided by small cell TRPs triggered by UEs using SI request. 
2 System Information Access Scheme for Energy efficiency and forward compatibility
  To fulfil the design target of minimizing transmission of always-on signals, hierarchical based system information access scheme is proposed. Different type of TRPs (transmit/receive points) in this hierarchical structure have their role to deliver either essential (or common/basic/primary) SI or dedicated SIs relevant to different service types. For TRPs of 5G Macro cells, they can opportunistically form an SFN (synchronized frequency network) group and simultaneously deliver essential system information (ESI), wherein the ESI message could be the MIB, i.e., decodable based on an identity parameter of the cell with dedicated cell ID or same cell ID if coordinated SFN cells is applied. This way can extend coverage area and provide fundamental but sufficient system information, i.e., bandwidth, frequency and initial uplink resource for UE to, i.e., perform RACH (random access channel) procedure for initial access. Detail contents of ESI and the object of TRP whom the UE performs RACH access could be versatile depending on the applied scenarios exemplified in the following sections. ESIs are transmitted periodically within limited time/freq. resource, it therefore reserves more available resource for future utilization, which is an important design principle considering forward compatibility. 

    In addition to ESI, UE may need other service/application relevant SIs or dedicated SIs (DSIs) for detail configurations of interested services, for example, when UEs under the coverage of cells supporting D2D or eMBMS services. This kind of SI can be triggered on UE-specific SI request basis, the requested SI is replied by Small-cell type TRPs surrounding the UE. This on-demand requested SI is locally generated and only available when necessary. 

    With aforementioned two layer SI acquisition, always on signal is reduced and hence reserved transmission resource and power at the network side. Moreover, since application relevant SI served by small cell TRPs could be changed during the normalization process of 5G, while ESIs transmitted by Macro TRPs unchanged, this feature facilitates forward compatibility. Moreover, in densely deployed network envisioned in 5G’s framework, enormous SI transmissions from each TRPs will interfere each other and therefore degrade SI detection performance. In view of SI congestion, minimum periodic SI transmission with conditionally exceptional SI request is more reasonable.  

   Basically, ESI is delivered individually or jointly by Macro TRP(s) for global common system information announcement in periodic manner, like MIB or SIB1 broadcasting. In some deployments, localized ESI, which is relevant to service advertisement, could be efficiently transmitted by Small-cell TRPs with only limited overhead. In this case, three layer SI acquisition mechanism is configured. Service relevant SIs (or DSIs) are still provided by Small cell TRPs based on UE request and is available locally when necessary.
Proposal 1:  For energy efficiency and forward compatibility, hierarchical based system information access scheme should be considered in heterogeneous deployments. 
. 
3 Design scenarios and operating procedures 
      Specific design on trigger mechanism of on-demand requested SIs are elaborated in the following. Fundamental design considerations including (1) SI access latency due to additional signalling overhead of on-demand SI request, (2) ESI overhead at Macro TRP side or Small-cell TRP side necessary for delivery of SI request relevant information. (3)  Additional RACH overhead at Macro TRP side or Small-cell TRP side for activating SI request. (4) RRC states, i.e., RRC connected or idle state during SI-request.

A. Macro TRPs carrier SI-request relevant ESIs 
Macro TRP provide two types of essential system information (ESI) for periodic transmission (in MIB or SIB1), including
(1) Global system information for UE to access the network (including Macro or Small-cell TRP), such as system bandwidth, carrier frequency, FDD/TDD mode, etc.
(2) SI-request relevant system information for notifying UEs which sort of service is provided by neighbour Small-cell TRPs (including Macro TRP itself), and small-cell TRP relevant system information necessary for UE to judge if it is feasible to perform RACH process for further on-demand SI request. These SI-request relevant ESIs could be arranged in a table format including:
i. Supported service type(s) of dedicated SI(s) at each small-cell TRP.
ii. Time/frequency PRACH resource of each small-cell TRP.
iii. Barring strategy of each access class (AC) at each small-cell TRP.
iv. Dedicated SI-change information (or updated version) at each small-cell TRP.
After successful ESI detection at the UE, UE is able to be aware of various service types provided by nearby small-cell TRPs, it could choose one of them based on its interest and perform on-demand DSI request on selected small-cell TRP during or after RACH procedure. The location of PRACH resource of interested small-cell TRP can been derived from ESI of Macro TRP in previous step. Some service relevant ESI information will affect the activation of RACH, i.e., barring strategy and DSI change of the small-cell TRP. UE can judge its qualification for cell access according to barring strategy, and the necessity to update DSI based on the DSI change version.
The on-demand DSI request can be triggered in the following conditions.
(1) UE can embedded DSI request information in the preamble sequence while transmitting Message-1 (PRACH) during RRC-Idle state. Small-cell TRP will reply with SI response in Message-2 (Rand access response, RAR).
(2) UE can transmit DSI request message in Message-3 (RRC-connection request) during RACH procedure. Small-cell TRP will reply with SI response in Message-4 (RRC-connection response).
(3) UE can transmit DSI request message after RRC-connection setup, i.e., during RRC-connected state, via dedicated RRC-message 
B. Small-cell TRPs carrier SI-request relevant ESIs
This scheme is similar to the previous one, other than the second type of ESI is carried in small-cell TRPs, which is categorized as local ESI. In this case, three layers of SI are configured, i.e.,
(1) Global ESI carried in Macro TRP for system-wise SI broadcasting periodically.

(2) Local ESI carried in Small-cell TRPs for service-wise SI broadcasting periodically.

(3) Dedicated SI (DSI) carried in Small-cell TRPs for on-demand DSI request conditionally.
This mechanism prevents the deployment scenario where UE is out of covered by interested small-cell TRP while its service information is still announced by Macro-TRP. In this case, the broadcasted message will be useless and therefore inefficient. In addition, local ESI carried in Small-cell TRPs can off-load broadcasting overhead at Macro TRP.
C. Macro TRPs receive SI-request and Push Small-Cell TRP to broadcast
The specialty of this scheme is that Macro TRP not only periodically broadcasts MIB which contains essential system information (ESI), it also receives and processes the SI request information from UE, and then pushes this request information to relevant small-cell TRPs with respect to received SI request. Upon notified by Macro TRP, small-cell TRP broadcast dedicated SI (ex: in MIB or SIB1) periodically in a short period of time.
Similar to previous two schemes, apart from the triggering target is Macro TRP, three SI request trigger conditions can be applied, i.e., during the RRC-connected state, during the RACH procedure and during the RRC-Idle state. 
The SI response message contains TRP indication which indicates which TRP the UE needs to be aware of for receiving the broadcasted dedicated SI corresponding to the transmitted SI request.
Proposal 2: Proposed three mechanisms to realize SI request coordination among Macro TRP and Small-Cell TRPs can be considered for further study. 
4 Conclusions
Pros and Cons of above proposed SI request coordination mechanisms among Macro TRP and Small-Cell TRPs are compared in the following table. 
	Schemes
	Feature
	Additional ESI overhead at Macro TRP
	Additional ESI overhead at Small-cell TRPs
	Additional Macro TRP RACH overhead 
	Additional Small-cell TRP RACH overhead
	Summary

	Scheme-A
	Macro carrier SI-request relevant ESI
	Yes 
	None
	None
	Yes
	Centralized ESI Access,

Distributed SI-request

	Scheme-B
	Small-cell carrier SI-request relevant ESI (3 layer SI acquisition)
	None
	Yes
	None
	Yes
	Distributed ESI Access,

Distributed SI-request

	Scheme-C
	Macro push SI-request to Small-cell
	Yes (Less than Scenario-A) 
	None
	Yes
	None
	Centralized ESI Access,

Centralized SI-request


In the comparison lists, additional ESI overhead means the additional ESI (apart from bandwidth, frequency, etc) carried for service-relevant information to assist SI-request operation. And additional RACH overhead means the necessity RACH procedure in addition to normal RACH purposes, in order to activate SI-request. For Scenario-C, since SI-request is performed at Macro TRP itself, no additional information such as time/frequency PRACH resource or barring status of Small-cell TRPs needed to be carried in ESI, the Additional ESI overhead at Macro TRP is therefore reduced compared to Scenario-A.
In this contribution, regarding hierarchical SI access schemes, we have the following proposals.
Proposal 1: For energy efficiency and forward compatibility, hierarchical based system information access scheme should be considered in heterogeneous deployments.
Proposal 2: Proposed three mechanisms to realize SI request coordination among Macro TRP and Small-Cell TRPs can be considered for further study.
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