3GPP TSG-RAN2 Meeting #94 
R2-164167
Nanjing, China, 23 - 27 May, 2016
Agenda item:
9.4.3.2.2
Source: 
Huawei, HiSilicon

Title: 
Considerations on power efficient RRC state definition in NR
Document for:
Discussion and Decision
1   Introduction
During the RAN2#93bis meeting in Dubrovnik the RRC states was discussed in numerous contributions, some proposing a third state or a sub-state to RRC Connected for various reasons, such as meeting the requirements from [1] for small infrequent data transmissions (e.g. [2], [3] and [4]). Also as discussed in [5], in NR there are new requirements from emerging services and new deployments and carrier frequencies providing new challenges and opportunities which will require new functionality in handling the radio resources.

We believe that in order to meet the NR requirements it is first needed to investigate what functionality is needed and then to decide on how the control of the defined functionality shall be designed.
2   Discussion
2.1   RRC in LTE
The RRC states defined in LTE were designed based on the assumption that the RRC was ended in eNB and that the UE context was passed between eNBs along with the mobility of the UE. In that context, the need for different RRC states was developed for maintaining the continuous service for the UE during mobility based on the session. 

Observation 1: The design of the RRC protocol for LTE was based on the system design of LTE.

In LTE there is now an ongoing standardization effort to make power efficient handling of IoT devices, where the Suspend/Resume functionality has been added to the RRC specification both for eMTC and NB-IoT. The solution aims at keeping the UE in an RRC_CONNECTED state, while minimizing the need for handover signalling during inactive periods.

The solution is an effective way of controlling the power consumption for IoT devices, but might not be the best solution if this functionality would have been considered from the start. For example, LTE considers that having the UE in RRC_CONNECTED is the only case for which UE context is maintained at AS level, so to maintain context for Suspend/Resume functions it was necessary either to have “RRC_CONNECTED but without RRC connection”, or “RRC_IDLE but with RRC context”.  It should be possible to avoid such improvisations in NR design.

Observation 2: The add-on for supporting RRC suspend/resume in LTE/NB-IoT is based on the design of the LTE RRC protocol and not based on the functionality needs.
2.2   Functionality needs

The RRC protocol specifies the messages between the network and the UE for handling the control plane functionality. The functions and procedures that will be needed to handle initial access, service continuation during mobility, etc. will first be necessary to design for basic functionality and then further optimized from for example a power efficiency perspective.

LTE was done as a pure eMBB system with macro cells only and then all other use cases were added little by little (hetnet, NB-IoT, V2V, etc), while for NR we want to consider them from the beginning. Due to the new requirements on NR some of the solutions in RRC defined for LTE will not be apt to handle it, making the need for completely new solutions in NR RRC. It is therefore necessary to define new functionalities for some features. 

Observation 3: At start of designing, NR RRC will not have the same needs as LTE RRC did when it was designed.

For some examples, power consumption and latency are both key challenges for mMTC, URLLC and V2X. We noted that signalling is the key contributor of consumption and latency which was analyzed in [1]. This is not only due to the legacy RACH process, but can also relate to the frequent signalling for mobility when considering the dense urban deployment scenario, especially in V2X case and some cases of mMTC.  Also eMBB service can benefit from some enhancements to allow reduction to battery consumption/signalling overhead, considering the impact of regular transmissions such keep-alive signalling with an otherwise inactive UE, that can make both LTE RRC states a problem to maintain (RRC_CONNECTED is too power demanding and requires network resources for handover and S1, while RRC_IDLE requires too frequent RACH into connected mode for short transmissions).

Observation 4: Many different NR use cases have the need to conserve battery power and minimise signalling, while allowing low volume data transmission and UE mobility.

NB-IoT introduced the idea of a “resume ID” that could be considered as mainly an identifier for the dedicated connection, rather than for the UE itself.  In the NB-IoT case the main purpose was to allow quick transition between transmitting data and sleep state for the UE, without excessive signalling overhead, but it also benefits mobility by allowing quick retrieving of a UE context without location update, in order to reduce signalling.

For NR, as we see above there can be similar benefits for use cases not limited to low mobility MTC.  If massive numbers of MTC devices are involved in mobility events, along with “always connected” UEs for eMBB, the signalling impact is likely to be huge, impacting capacity in the network as well as requiring UEs either to accept high delay and overhead when exchanging data (staying in idle mode between transmissions) or excessive mobility signalling and battery consumption (staying in connected mode).  It is important to avoid this binary choice in NR, e.g. the UE could transmit data without transit to active state. A natural way to approach this is to allow a functionality for reduced exchange of messages on the radio interface while context is maintained, designed initially as part of the system rather than bolted on afterwards.

Proposal 1: NR should support energy conserved operations, including the functionality for reduced exchange of messages on the radio interface while maintaining context, that allows efficient support for mobility of UEs with low activity.

As discussed above, the RRC state model can be evaluated after the needed functionality is discussed.  However, in the next section we look at some possible standardization direction of the concept.
2.3   Standardization direction
The basic functions that would be required for an energy conserved operational mode can be as follows:
•
Energy conserved operational mode start and stop signalling 

•
UE has RRC context in NW in energy conserved operation mode

•
Mobility of UE in energy conserved operational mode between different coverage areas, with minimal signalling

•
Maintenance of the ID for a UE in energy conserved operational mode, so it does not face ID collision

•
Locating a UE in energy conserved operational mode for delivery of DL data (TRP scope or larger)

•
DRX behavior for UE in energy conserved operational mode, to maintain acceptable downlink reachability/battery trade-off
Discussing these functional needs should help to shed light on the RRC state model going forward.
Proposal 2: RAN2 shall consider the functional needs of an energy conserved operation mode in designing the RRC protocol.  State modeling and definition should target the minimum number of states which fits all requirements, to be decided considering the RRC as a whole.
3   Conclusion
This contribution makes the following observations: 

Observation 1: The design of the RRC protocol for LTE was based on the system design of LTE.

Observation 2: The add-on for supporting NB-IoT in LTE is based on the design of the LTE RRC protocol and not based on the functionality needs.

Observation 3: At start of designing, NR RRC will not have the same needs as LTE RRC did when it was designed.

Observation 4: Many different NR use cases have the need to conserve battery power and minimise signalling, while allowing low volume data transmission and UE mobility.

As a result, it is proposed:

Proposal 3: NR should support energy conserved operations, including the functionality for reduced exchange of messages on the radio interface while maintaining context, that allows efficient support for mobility of UEs with low activity.

Proposal 4: RAN2 shall consider the functional needs of an energy conserved operation mode in designing the RRC protocol.  State modeling and definition should target the minimum number of states which fits all requirements, to be decided considering the RRC as a whole.
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