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1 Introduction

A new radio access technology SI FS_NR_newRAT was approved in RAN #71 meeting. RRC state, as one of the most important issues for the control plane, was intensively discussed in RAN2#93bis. The intention of this contribution is to give some discussion on the principles for the design of RRC state in NR and share some consideration on the new characteristics required by beam forming system for RRC_CONNECTED state.
2 Design principles for RRC states in NR

According to the SID for NR [1], the new RAT will aim to develop an NR access technology to meet a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study. The following description can be found in [1] as one of the objectives of the study item.
-------------------------------------- From the SID for NR [1] start ------------------------------------------------

(1) Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including
· Enhanced mobile broadband

· Massive machine-type-communications
· Ultra reliable and low latency communications 

-------------------------------------- From the SID for NR [1] end ------------------------------------------------

Based on the objective shown above, it can be observed that a single technical framework should be considered as baseline to support all usage scenarios. Since the RRC state will impact the basic framework of control plane, we propose that one common RRC states framework should be considered as baseline for all verticals.

Proposal 1: In order to target a single technical framework addressing all usage scenarios, one common RRC states framework for all verticals should be considered as the baseline.

In the current stage, some performance requirements have already been captured in TR 38.913 [2], and the following requirements should be considered in the design of RRC states for NR:

--------------------------------------- Requirements from [2] start -------------------------------------------------------

· Control plane latency: the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE) should be 10ms.
· Latency for infrequent small packets: the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point at the mobile device to the radio protocol layer 2/3 SDU egress point in the RAN, when the mobile device starts from its most "battery efficient" state, TBD.
· UE battery life: the battery life of the UE without recharge should be [15 years]. 

· UE energy efficiency: the capability of a UE to sustain much better mobile broadband data rate while minimizing the UE modem energy consumption, qualitative and TBD
--------------------------------------- Requirements from [2] end -------------------------------------------------------
In order to achieve the requirement captured in [2], we give our proposal as follow:

Proposal 2: The performance requirement captured in TR 38.913 should be considered in the design of RRC states for NR.
According to the current LTE specs, only two RRC states are defined in LTE: RRC IDLE and RRC CONNECTED. For the RRC IDLE state, there is no UE specific RRC context in RAN and UE based cell selection/reselection is used. Once the RRC connection has been established, as shown in figure 1, the UE’s RRC state will be translated from RRC_IDLE to RRC_CONNECTED , then the UE context will be maintained in RAN and the NW based mobility (e.g. handover) will be used instead. 
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Figure 1

For the down link, the DRX functionality can benefit the power consumption of UE by enable the PDCCH discontinuous reception as demonstrated in the right of figure 2. 
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figure 2
For the RRC_CONNECTED state, if we look into the operation more detail from MAC perspective, three sub-modes (i.e. Active, Short DRX, and Long DRX), as illustrated in figure 3, have been defined to save the power consumption for the UE in RRC_CONNECTED state:
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Figure 3

For the uplink, the timeAlignmentTimer is used to control how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned. Once the TAT expired, the UE shall release all the dedicated uplink resources for that serving cell and shall not perform any uplink transmission on a Serving Cell except the Random Access Preamble, which means UE is not required to maintain the uplink synchronization all the time in RRC_CONNECTED state.
Based on the consideration above, we think some kind of “battery efficient state”has already been achieved in RRC_CONNECTED state in LTE and give our observation as follow: 

Observation 1: In LTE, some kind of “battery efficient state” can also be achieved in RRC_CONNECTED state by the existing functions (e.g. DRX and TAT expiration).
Consideration the “battery efficient state” can also be achieved in RRC_CONNECTED, and keep the UE in RRC_CONNECTED state can save the control plane latency, in order to save the complexity, we give our proposal as:

Proposal 3: Consider the two-RRC states framework defined in LTE (i.e. RRC_IDLE and RRC_CONNECTED) as the baseline in NR, unless the performance requirement specified in TR 38.913 cannot be achieved based on the two-state framework.

3 New characteristics required by beam forming system for RRC_CONNECTED state

According to the discussion in RAN1 and RAN2, it is believed that the beam forming technology should be considered as an essential part of the NR, especially for the high frequency band. In the beam forming system, the uplink reference signal from the UE is required for the maintenance of the beam tracking on the NW side. However, the frequently transmission of uplink reference signal will cause a considerable power consumption on UE side. Similar as the maintenance of uplink time alignment in LTE, UE in NR should also be allowed to lose the beam tracking in RRC_CONNECTED state, especially in case there is no data available for transmission for a period of time. 

Observation 2: In NR, since the frequently transmission of uplink reference signal will cause a considerable power consumption, UE in NR RRC_CONNECTED state should be allowed to lose the beam tracking, especially in case there is no data available for transmission for a period of time..

In LTE, for the UE in DRX, the PDCCH can be received in on-duration time, and for the UE without uplink time alignment, the PDCCH order can be used to inform UE to retrieve the uplink time alignment by RACH procedure. However, in the beam forming system, once the beam tracking is lost, the NW node will not be able to know in which beam or TRP the UE can be reached, in which case, the normal beam formed “NR PDCCH” cannot be used to inform UE for downlink data arrival. So, in order to inform the UE without beam tracking, the paging similar “broadcast channel” should be considered. Moreover, since this kind of RAN-initiated paging is transparent to Core, the RAN-based paging area and paging cycle can be configured by NR RAN itself.

Observation 3: In NR beam forming system, in order to reach the UE without beam tracking, the paging similar “broadcast channel” should be used. And the RAN-based paging area and paging cycle can be configured by NR RAN itself.

Considering UE without beam tracking do not have beam/TRP specific physical resource, the handover similar NW based mobility can only be applied for the UE with beam tacking. Although it is possible to configure some event based measurement and the measurement report triggered, which need to be transmitted in uplink, can require the UE to retrieve the beam tracking, the UE will lose the beam tracking immediately after the mobility due to no UP data available for transmission. So, in order to save the signaling for NW based mobility, we propose that the UE based mobility should be considered for the UE without beam tracking.

Observation 4: In order to save the signaling for NW based mobility, the UE based mobility should be considered for the UE without beam tracking.

In NR, a cell may consist of many TRPs. Based on the analysis given above, since the only way for the NW to reach the UE without beam tracking is “RAN-based paging”, the NW only need to know in which “RAN-based paging area” the UE is instead of in which TRP the UE is. So the UE without beam tracking can move autonomously across the TRP within one “RAN-based paging area” without informing the NW. However, since the NW need to know in which “RAN-based paging area” the UE can be reached, in case the UE move across the “RAN-based paging area”, some notification should be sent to NW.

Observation 5: For the UE without beam tracking, the UE can move autonomously across the TRP within one “RAN-based paging area” without informing the NW. However, in case the UE move across the “RAN-based paging area” (i.e. Paging area change), some notification should be sent to NW.

Based on all the analysis above, for the beam forming system, we think the following new characteristics should be considered in the RRC_CONENCTED state. 

Proposal 4: For the beam forming system, the following new characteristics should be considered in the RRC_CONENCTED state.

· In RRC_CONNECTED state, the UE should be allowed to lose the beam tracking in case there is no data available for transmission for a period of time.

· For the UE without beam tracking, the “RAN-based paging” should be used to reach the UE (e.g. inform UE the DL data arrival). And the “RAN-based paging area” and “RAN-based paging cycle” can be configured by NR RAN itself.

· For the UE without beam tracking, the UE based mobility will be used. And the UE can move autonomously across the TRP within one “RAN-based paging area” without informing the NW. However, in case the UE move across the “RAN-based paging area” (i.e. Paging area change), some notification should be sent to NW.

Although the new characteristics given above are mainly focus on the beam forming system for eMBB, the other verticals (e.g. mMTC) can also benefit from these new characteristics in the aspect such as control plane latency and power consumption. Also consideration the principle that a common RRC state framework should be studied to address all verticals, we think the characteristics listed above can also be considered for other verticals.
Proposal 5: Considering the other verticals (e.g. mMTC) may also benefit from these new characteristics in the aspect such as control plane latency and power consumption, the characteristics listed above should be considered for all verticals.
4 Conclusion

Based on the analysis, we have the following proposals:

Design principles for RRS states in NR

Proposal 1: In order to target a single technical framework addressing all usage scenarios, one common RRC states framework for all verticals should be considered as the baseline.

Proposal 2: The performance requirement captured in TR 38.913 should be considered in the design of RRC states for NR.
Observation 1: In LTE, some kind of “battery efficient state” can also be achieved in RRC_CONNECTED state by the existing functions (e.g. DRX and TAT expiration).

Proposal 3: Consider the two-RRC states framework defined in LTE (i.e. RRC_IDLE and RRC_CONNECTED) as the baseline in NR, unless the performance requirement specified in TR 38.913 cannot be achieved based on the two-state framework.

New characteristics required by beam forming system for RRC_CONNECTED state
Observation 2: In NR, since the frequently transmission of uplink reference signal will cause a considerable power consumption, UE in NR RRC_CONNECTED state should be allowed to lose the beam tracking, especially in case there is no data available for transmission for a period of time.

Observation 3: In NR beam forming system, in order to reach the UE without beam tracking, the paging similar “broadcast channel” should be used. And the RAN-based paging area and paging cycle can be configured by NR RAN itself.

Observation 4: In order to save the signaling for NW based mobility, the UE based mobility should be considered for the UE without beam tracking.

Observation 5: For the UE without beam tracking, the UE can move autonomously across the TRP within one “RAN-based paging area” without informing the NW. However, in case the UE move across the “RAN-based paging area” (i.e. Paging area change), some notification should be sent to NW.

Proposal 4: For the beam forming system, the following new characteristics should be considered in the RRC_CONENCTED state.

· In RRC_CONNECTED state, the UE should be allowed to lose the beam tracking in case there is no data available for transmission for a period of time.

· For the UE without beam tracking, the “RAN-based paging” should be used to reach the UE (e.g. inform UE the DL data arrival). And the “RAN-based paging area” and “RAN-based paging cycle” can be configured by NR RAN itself.

· For the UE without beam tracking, the UE based mobility will be used. And the UE can move autonomously across the TRP within one “RAN-based paging area” without informing the NW. However, in case the UE move across the “RAN-based paging area” (i.e. Paging area change), some notification should be sent to NW.

Proposal 5: Considering the other verticals (e.g. mMTC) may also benefit from these new characteristics in the aspect such as control plane latency and power consumption, the characteristics listed above should be considered for all verticals.
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