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[bookmark: _Ref298777854]Introduction
An important step for latency reduction in NR is L1 optimizations such as shortening of TTIs. Other enhancements at higher layers can be made by enhancing signalling procedures and UP optimizations. From TR 38.913, the control plane latency or the time it takes to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE) is targeted to be 10 ms. An important scenario in NR will be efficient handling of inactive UEs or UEs with infrequent small data transmissions. In this scenario, the control signalling overhead should also be small. Several contributions suggesting an inactive state allowing reduced signalling where submitted to RAN2#93bis, see [1], [2] and [3]. In this contribution, the benefits of having such an RRC state with ability to store UE RRC context is discussed with respect to small data transmissions.
Discussion
The standard procedure in LTE to transmit a small UL data packet for an inactive UE involves considerable signalling. First, the UE needs to set up an RRC connection through a Random Access procedure followed by RRC Setup signalling and finally an RRC Connection reconfiguration to enable encrypted transmissions. The standard signalling also requires CN involvement. A typical transmission of an UL small data packet for a UE starting from idle mode will require in the order of 9 messages (RA and RRC signalling) before the actual data transmission. For infrequent small data transmissions, it is easily seen that the signalling overhead is unduly large. Hence, we make the following observation.
[bookmark: _Toc450867387][bookmark: _Toc450867438][bookmark: _Toc450933046][bookmark: _Toc450953299]In legacy LTE, infrequent small data transmissions produce a large signaling overhead.
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Figure 1: Illustration of LTE legacy connection setup and release
An RRC suspend/resume procedure will be introduced in Rel-13 for both IoT UEs and normal LTE UEs where the UEs RRC context is stored in the UE and eNodeB. This will reduce both air-interface signalling and CN involvement for moving to CONNECTED mode. By this procedure, the RRC connection can be resumed for an idle UE and it does not have to be set up again. This reduces latency, processing and signalling overhead compared to legacy procedures. 
Similar procedures, with the addition of a new inactive RRC state, have been proposed for NR in RAN2#93bis [3]. The new inactive state would support long DRX cycles for energy efficiency and local UE mobility without CN involvement to reduce CN signalling. The introduction of an inactive state will further be beneficial for UEs with infrequent small data transmissions.
Synchronisation is another aspect to consider for inactive UEs. The UEs that are in inactive state can maintain the DL synch using the listening periods of the DRX configuration. However, UL synch cannot be expected for mobile UEs. This implies that RA will typically be the first step when transmitting an UL small data packet can be done.
By using a resume procedure of a suspended RRC connection instead of a complete session set up, the signalling would be reduced to 4 messages (RA and RRC) before the data transmission takes place, which is a substantial reduction compared to the legacy connection setup. It should be observed that additional messages are needed to suspend the RRC connection after the data transmission.
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Figure 2:  Illustration of signalling flow to resume a stored context and transmit data

In NR, the inactive state could be expected to be the most used state for UEs with infrequent small data traffic. This is so since the inactive state supports long DRX cycles for energy efficiency, UE mobility within an area without notifying the network for reduced CN signalling and ability to store the UEs RRC context to enable an efficient suspend/resume procedure for RRC connection.

[bookmark: _Toc450933080][bookmark: _Toc450953132][bookmark: _Toc450953301]An RRC inactive state with ability to store the UEs RRC context to enable an efficient suspend/resume procedure for RRC connection should be the baseline for efficient handling of UEs with infrequent small data transmissions.

Design criteria for efficient infrequent small data transmission
If an inactive state which supports storing of RRC context and a RRC suspend/resume procedure is introduced in NR, it should be further considered how to optimize it for small data transmissions. The design of this state should consider the following design criteria.
· The overhead in terms of needed signaling should be small; both to reduce latency and signaling load. 
· Energy efficiency should be considered allowing the UEs to remain as much as possible in the inactive state. 
· The procedure should further strive for low complexity and high reliability. 
· The procedure should support QoS. That is, different prioritizations should be possible.
[bookmark: _Toc450933081][bookmark: _Toc450953133][bookmark: _Toc450953302]Study the limitiations for the baseline design and the related enhancements for efficient transmissions of infrequent small data for inactive state UEs considering the above design requirements.

Possible enhancements
A solution based on the LTE RRC suspend/resume procedure in Rel-13 can be envisioned by enhancing and simplifying some parts. The signalling diagram in Figure 3 illustrates the main steps.
[image: ]
Figure 3: Illustration of enhanced procedure for transmission of a small data packet for inactive UEs

· The Random access response (message 2) contains a grant large enough to transmit both the RRC Connection resume request and a small data packet. 
· If the UE only has one small packet to transmit, it may not be needed to activate the entire RRC context. The UEs RRC context contains configurations for SRBs and DRBs, encryption keys and measurement configurations. Possibly not all of this needs to be activated for a single UL small data packet. For example, initiating DL measurements may not be needed when transmitting only a single small UL packet.
· The small data could be sent simultaneously with the RRC Connection resume request that activates the context. The data transmission could be sent on a shared/contention based, and always active, DRB.
· If the UE only has one small packet to transmit, the context could be in-activated immediately after the transmission without any extra in-activation signaling. 
In case the UE has maintained its UL synch (stationary UE), pre-allocated grants could enable the UE to skip the RA procedure and directly do the RRC activation and transmit on a contention based DRB.
The maximum size of a small packet can be configured by the network.
Conclusion
In section 2 we made the following observations:
Observation 1	In legacy LTE, infrequent small data transmissions produce a large signaling overhead.

Based on the discussion in section 2 we propose the following:
Proposal 1	An RRC inactive state with ability to store the UEs RRC context to enable an efficient suspend/resume procedure for RRC connection should be the baseline for efficient handling of UEs with infrequent small data transmissions.
Proposal 2	Study the limitiations for the baseline design and the related enhancements for efficient transmissions of infrequent small data for inactive state UEs considering the above design requirements.

[bookmark: _GoBack]
References
[bookmark: _Ref450736686][bookmark: _Ref442441852][bookmark: _Ref441562466]R2-162662, “Low latency and low overhead transmission for NR”, Huawei, HiSilicon
[bookmark: _Ref450736693]R2-162367, “Efficient small data transmission”, Nokia, Alcatel-Lucent Shanghai Bell
[bookmark: _Ref450736702]R2-162760, “Handling of inactive UEs”, Ericsson



	5/5	
image1.png
SGW

MME

eNB

UE
RA msg1
(Preamble)
RA msg2
(Response)
RA msg3
(RRC Connection Request)
RA msg4
(RRC Connection Setup)
RRC Connection Setup Complete
(NAS Service Request)
S1-AP Initial UE ms
(NAS Service Request)
S1-AP Initial Ctxt Setup Request

RRC Security Mode Command
RRC Security Mode Complete
RRC Connection
Reconfiguration

m—RRCConnection |
RRC Connection
Reconfig complete
S1-AP Initital Ctxt Setup Compl
Modify Bearer Request
Modify Bearer Response

UL data

UL data
DL data
DL data
o 1

vSome time elapses -> Timeout
S1-AP UE Cixt Release Req

Release Access Bearers Req

Release Access Bearers Resp
S1-AP UE Ctxt Release Cmd

RRC Connection Release
S1-AP UE Ctxt Release Compl
hitoimsc-ger





image2.png
UE eNB
1. RA(Preamble) N
2. RAR(TA, Grant for SRBO0)
<
3. RRC Connection resume request (SRBO0)
>
4. RRC Connection resume
<
Small Data Tx (DRB)
=1

5. RRC Connection suspend





image3.png
UE

eNB

1. RA(Preamble)

2. RAR(TA, Grant for SRB0O & DRB)

3. RRC Connection resume request (SRBO0)

Data-tx(DRB)

4. RRC Response (Ack & suspend)





