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[bookmark: _Ref504493148]Introduction
In recent RAN2 meetings, significant progress has been made for early data transmission (EDT). In addition, different remaining issues for support of EDT CP and UP solutions are discussed two email discussions [1] and [2]. In this contribution we discuss some of the remaining topics not covered in the email discussions and provide some additional insight or details to the discussion points of the email discussions. 
[bookmark: _Ref178064866]Discussion
ROHC support 
[bookmark: _GoBack]In Rel-13, ROHC context continuation is requested by the eNB and this is indicated in the RRCConnectionResume. This is determined by the eNB that finds the ROHC context of the UE same as its ROHC context. However, this is not always a case, e.g., when UE resumes to a new eNB that has another ROHC context. It is worth recalling that ROHC context is not specified, i.e., different network nodes can have different ROHC contexts.
[bookmark: _Toc510701072][bookmark: _Toc510748177]ROHC context is not specified, thus different network nodes may have different contexts and continuation of the compression cannot be guaranteed. 
When it comes to early data transmission (EDT), where the AS context is re-activated before Msg3 is transmitted, it is necessary for the UE to know whether it is about to resume a connection to an eNB that uses the same ROHC context. In our view, the UE can only resume its ROHC context in case it resumes to the same eNB. Based on the cell ID from the ECGI identifier broadcast in system information, the UE would know if it resumes to the same eNB or not. Otherwise, if the UE does not resume to the same eNB, reset of ROHC context is needed. Additionally, in some case the eNB may not want to continue ROHC when the UE returns from suspend or doesn’t store the context while UE is suspended. Thus, we think the control to resume ROHC should be in RRCConnectionRelease message with suspend cause.
[bookmark: _Toc505268555][bookmark: _Toc505595235][bookmark: _Toc510701082][bookmark: _Toc510748211]The UE continues ROHC context for header compression if it resumes to the same eNB and ROHC continuation was indicated in the previous RRCConnectionRelease suspending the connection. Otherwise, the UE resets the header compression protocol.
Msg4 in UP solution
It has been agreed that “Legacy RRCConnectionRelease message with suspend is extended to include NCC in Msg4 when the network wants the UE to move to RRC_IDLE.” However, in case the UE is indicated to go to RRC_CONNECTED mode, there is no agreement on Msg4 content. 
From an agreement during RAN2#99bis that:
· For UP solution, DL data can be optionally multiplexed in MAC, i.e. DCCH (RRC message(s)) and DTCH (UP data) in Msg4.
We think that DL data on DTCH can be optionally multiplexed with the RRCConnectionResume on DCCH in Msg4 when the UE is moved to RRC_CONNECTED mode. 

[bookmark: _Toc498344347][bookmark: _Toc498346361][bookmark: _Toc498346427][bookmark: _Toc498346469][bookmark: _Toc498360636][bookmark: _Toc498557265][bookmark: _Toc498642254][bookmark: _Toc498642267][bookmark: _Toc498639167][bookmark: _Toc498650979][bookmark: _Toc498650994][bookmark: _Toc498648633][bookmark: _Toc498654164][bookmark: _Toc498654182][bookmark: _Toc498661838][bookmark: _Toc505268556][bookmark: _Toc505595236][bookmark: _Toc510701083][bookmark: _Toc510748212]For UP solution, DL data can be multiplexed with the RRCConnectionResume in Msg4. 
Reception of legacy grant in UP solution
In case the EDT UE receives a legacy UL grant in response to a Msg1 with EDT preamble, it then needs to send a Msg3 without UL data. Based on discussions on security aspects [1], [2], [3], we assume that the UE initiated EDT implies that it has been provided with the NCC in preceding suspend procedure. Rebuilding Msg3 PDU to fit the legacy UL grant is discussed in detail in [4]. It is, however, not clear whether UE shall continue with the EDT-like resume procedure, i.e., restoring UE context, reactivating security, and resuming bearers, deriving new keys based on the NCC provided in suspend procedure, before Msg3 transmission or the UE should perform the Rel-13 resume procedure. In our view, the EDT-like resume procedure provides a clear benefit over Rel-13 resume, especially in terms of security, i.e., enhanced protection for Msg3 and ciphering of Msg4 [1] and [5]. And in this case, since NCC has been provided, the EDT-like resume procedure can be used by the UE. Therefore, it would be beneficial to continue with EDT-like resume procedure rather than falling back to use the Rel-13 resume procedure.
[bookmark: _Toc510748213][bookmark: _Toc510701084]In case the UE receives a legacy UL grant in response to a EDT Msg1, it shall not fall back to Rel-13 resume procedure. 
Timers

[image: ]
[bookmark: _Ref504488826]Figure 1: Example of signaling flow with timers in CP solution 

This section discusses the need for changes to T300 and mac-ContentionResolutionTimer. 
T300 is a timer maintained at RRC sub-layer. The UE starts timer T300 when it sends the RRCConnectionRequest or RRCConnectionResumeRequest. The timer is stopped when the UE receives a feedback from the eNB, e.g., the RRCConnectionSetup or RRCConnectionResume, respectively. If the timer T300 expires, the RRC shall inform upper layers about the failure to establish or resume the RRC connection or failure to resume the RRC connection with suspend indication, upon which the procedure ends.
According to the reply LS from RAN3 [6], in case there is buffered DL data in response to the UL data, the waiting time between reception of Msg3 and transmission of Msg4 is around 20 ms. However, in case the network knows that there is only one expected DL response PDU to be transmitted and needs to wait for that, the latency will be two times of backhaul delay plus application server processing time. This latency depends on different factors but could be assumed to be few hundreds of milliseconds. In addition, the (re)transmission of Msg4 with DL data would take longer time than in legacy due to large transport block size and repetition. Thus, T300 may expire before Msg4 is received by the UE. 
The value of T300 is configurable and can be up to 10000 ms in case of LTE-M and up to 60000 ms in case of NB-IoT. Considering that the maximum number of repetitions in LTE-M is 2048 for PUSCH and PDSCH in CE Mode B, one uplink and one downlink transmission could take around 4000 ms at minimum, without any waiting or processing times, and without any failures in the transmissions requiring retransmission. Thus, we think configuration options for T300 should be increased at least for LTE-M. To avoid the negative impact on non-EDT UEs, it is beneficial to have a separate timer, e.g., T300-EDT for EDT UEs whose value should be larger than that for non-EDT UEs. Alternatively, existing values of the T300 can be used with a scaling factor, based on which a EDT UE can determine its own value. We prefer to have a new timer at least for LTE-M. 

[bookmark: _Toc510691132][bookmark: _Toc510699773][bookmark: _Toc510699982][bookmark: _Toc510700768][bookmark: _Toc510700846][bookmark: _Toc510701085][bookmark: _Toc510712980][bookmark: _Toc510714274][bookmark: _Toc510714294][bookmark: _Toc510715253][bookmark: _Toc510715325][bookmark: _Toc510715369][bookmark: _Toc510715440][bookmark: _Toc510715504][bookmark: _Toc510726809][bookmark: _Toc510726858][bookmark: _Toc510726892][bookmark: _Toc510633323][bookmark: _Toc510701086][bookmark: _Toc510748214]Introduce T300-EDT timer for early data transmission with extended range of values w.r.t T300, at least for LTE-M. FFS which values should be used.

The mac-ContentionResolutionTimer is maintained at MAC sub-layer. Currently, once the Msg3 is transmitted, the MAC entity monitors (N)PDCCH for possible reception of Msg4 or a UL grant for retransmission of Msg3. This lasts for mac-ContentionResolutionTimer time units. For BL/CE UEs, the timer is stopped on notification of PDCCH transmission from lower layers. In addition, it is restarted for every retransmission of Msg3.
When this timer expires, the UE discards the Temporary C-RNTI allocated in Msg2, indicates to upper layers a RA problem, and proceeds to the selection of preamble again, i.e., starting over RA procedure again. This timer has a value ranging from 960 ms in LTE-M and up to pp64 corresponding to 64*NPDCCH periods in NB-IoT. In addition, in NB-IoT, the value of mac-ContentionResolutionTimer considered by the UE is Min (signalled value x NPDCCH period, 10.24s). Based on above, extended values for mac-ContentionResolutionTimer may not be needed based on DL transmissions, as the DL transmission time of Msg4 over the air doesn’t need to be accounted for. 
As discussed earlier, there may be a long waiting time between Msg3 and Msg4 in EDT considering transport and other delay. For NB-IoT, the timer can be configured up to 10.24 seconds, which may be enough. For LTE-M, however, 960 ms is probably too short for some use cases. Similar to the case of T300, we prefer to have a new timer mac-ContentionResolutionTimer-EDT in LTE-M.
[bookmark: _Toc505092517][bookmark: _Toc510633318][bookmark: _Toc510701073][bookmark: _Toc510748178]For NB-IoT, no change to mac-ContentionResolutionTimer is needed. 
[bookmark: _Toc510748215][bookmark: _Toc510633324][bookmark: _Toc510701087]For LTE-M, introduce mac-ContentionResolutionTimer-EDT timer for early data transmission with extended range of values w.r.t mac-ContentionResolutionTimer. FFS which values should be used. 
Mobile terminated case
EDT is also considered for the mobile-terminated (MT) scenario, in which the network pages a UE for data transmission in the DL. First, to facilitate EDT-related operations in general and in the MT case, UE capability should include also the EDT capability so that the MME would be able to know the capability of a UE based on its S-TMSI. In addition, we propose CP EDT and UP EDT are separate capabilities.
[bookmark: _Toc497687707][bookmark: _Toc497688966][bookmark: _Toc497689775][bookmark: _Toc497689812][bookmark: _Toc497743800][bookmark: _Toc497743831][bookmark: _Toc497743855][bookmark: _Toc497743910][bookmark: _Toc497744543][bookmark: _Toc498092225][bookmark: _Toc498095747][bookmark: _Toc498096062][bookmark: _Toc498096127][bookmark: _Toc498096189][bookmark: _Toc498096865][bookmark: _Toc498096983][bookmark: _Toc498097244][bookmark: _Toc498351212][bookmark: _Toc498352247][bookmark: _Toc498527527][bookmark: _Toc498531505][bookmark: _Toc498531713][bookmark: _Toc498537990][bookmark: _Toc498538018][bookmark: _Toc498592583][bookmark: _Toc498592610][bookmark: _Toc498593200][bookmark: _Toc498593304][bookmark: _Toc498593469][bookmark: _Toc498593531][bookmark: _Toc498593559][bookmark: _Toc498593685][bookmark: _Toc498593861][bookmark: _Toc498594034][bookmark: _Toc498594056][bookmark: _Toc498595025][bookmark: _Toc498609203][bookmark: _Toc498609230][bookmark: _Toc498618142][bookmark: _Toc498618627][bookmark: _Toc498638599][bookmark: _Toc498638683][bookmark: _Toc498644613][bookmark: _Toc498652188][bookmark: _Toc498661960][bookmark: _Toc505092551][bookmark: _Toc510629334][bookmark: _Toc510701088][bookmark: _Toc510748216]Extend UE capability to include CP EDT and UP EDT as two separate capabilities.
In both CP and UP solution, if a EDT capable UE decides not to transmit UL data in Msg3, for example, due to no UL data in buffer, there is no need to indicate to the network in Msg1 its intention of using EDT. Instead, the eNB can retrieve the EDT capability from the MME and page the UE for EDT. This way, the system operates as per legacy in Msg1 and Msg2, i.e., the network does not need to provide unnecessary EDT UL grant in Msg2.
[bookmark: _Toc497687708][bookmark: _Toc497688967][bookmark: _Toc497689776][bookmark: _Toc497689813][bookmark: _Toc497743801][bookmark: _Toc497743832][bookmark: _Toc497743856][bookmark: _Toc497743911][bookmark: _Toc497744544][bookmark: _Ref498092161][bookmark: _Toc498092226][bookmark: _Toc498095748][bookmark: _Toc498096063][bookmark: _Toc498096128][bookmark: _Toc498096190][bookmark: _Toc498096866][bookmark: _Toc498096984][bookmark: _Toc498097245][bookmark: _Toc498351213][bookmark: _Toc498352248][bookmark: _Toc498527528][bookmark: _Toc498531506][bookmark: _Toc498531714][bookmark: _Toc498537991][bookmark: _Toc498538019][bookmark: _Toc498592584][bookmark: _Toc498592611][bookmark: _Toc498593201][bookmark: _Toc498593305][bookmark: _Toc498593470][bookmark: _Toc498593532][bookmark: _Toc498593560][bookmark: _Toc498593686][bookmark: _Toc498593862][bookmark: _Toc498594035][bookmark: _Toc498594057][bookmark: _Toc498595026][bookmark: _Toc498609204][bookmark: _Toc498609231][bookmark: _Toc498618143][bookmark: _Toc498618628][bookmark: _Toc498638600][bookmark: _Toc498638684][bookmark: _Toc498644614][bookmark: _Toc498652189][bookmark: _Toc498661961][bookmark: _Toc505092552][bookmark: _Toc510629335][bookmark: _Toc510701089][bookmark: _Toc510748217]For EDT in MT scenario, the UE shall not indicate EDT in Msg1 but the network retrieves UE EDT capability and pages the UE indicating MT EDT.
[bookmark: _Toc498531715][bookmark: _Toc498537993]Then, in CP solution, having no UL data to transmit in Msg3, the UE can send in Msg3 the RRCConnectionRequest or the newly defined RRC message, as in MO scenario. In the latter case, the NAS container should be set to a zero-length octet string. It is proposed that a legacy RRCConnectionRequest is sent in Msg3 and the new RRC message, as in MO case, with DL NAS-PDU is sent in Msg4. 
[bookmark: _Toc498537994][bookmark: _Toc498538021][bookmark: _Toc498592586][bookmark: _Toc498592613][bookmark: _Toc498593203][bookmark: _Toc498593307][bookmark: _Toc498593472][bookmark: _Toc498593534][bookmark: _Toc498593562][bookmark: _Toc498593688][bookmark: _Toc498593864][bookmark: _Toc498594037][bookmark: _Toc498594059][bookmark: _Toc498595028][bookmark: _Toc498609206][bookmark: _Toc498609233][bookmark: _Toc498618145][bookmark: _Toc498618630][bookmark: _Toc498638601][bookmark: _Toc498638685][bookmark: _Toc498644615][bookmark: _Toc498652190][bookmark: _Toc498661962][bookmark: _Toc505092553][bookmark: _Toc510629336][bookmark: _Toc510701090][bookmark: _Toc510748218]For CP EDT in MT scenario, the UE shall send a legacy Msg3 and receive a EDT Msg4 as in MO scenario, i.e., with DL NAS PDU encapsulated in the RRC message.
In case of UP solution, having been provided the NCC during the suspend procedure, it is proposed that the UE should prepare itself with early bearer resumption and security activation for receiving a EDT Msg4.
[bookmark: _Toc510701091][bookmark: _Toc510748219]For UP EDT in MT scenario, if the UE was provided with the NCC during suspend procedure, it shall restore context, reactivate security, resume bearers, and derive AS keys before transmission of Msg3 without UL data.
Early carrier redirection for NB-IoT
For optimising network performance and for load balancing, in NB-IoT the UEs can be redirected from one carrier to another. The current re-direction info is currently provided in Msg4. However, for EDT, this would not work as the transaction could be concluded after Msg4, thus there might be no possibility to provide redirection information unless the network moves the UE to RRC_CONNECTED for this purpose.  


[bookmark: _Toc510701074][bookmark: _Toc510748179][bookmark: _Toc509259269]With an expectation for rapid increases in numbers of IoT devices and adoption of EDT, congestion on resources used for random access procedures may increase.  

[bookmark: _Toc510701075][bookmark: _Toc510748180]It would be beneficial if redirection can be introduced early.  It would help network to perform faster load balancing and provide opportunity to UE with an early random access rather than backoff.

Early redirection for NB-IoT could be achieved for example by using ‘R’ bits in RAR message to indicate redirection to a different carrier. Two bits could be used with separate indications for redirection of Msg3 transmission and/or the next PRACH transmission attempt. If needed, additional redirection information (such as the exact carriers to be used) can be provided in the padding region of Msg2. 

[bookmark: _Toc510701092][bookmark: _Toc510748220]Consider adopting early carrier redirection for NB-IoT for EDT. 
Conclusion
In section 2 we made the following observations:
Observation 1	ROHC context is not specified, thus different network nodes may have different contexts and continuation of the compression cannot be guaranteed.
Observation 2	For NB-IoT, no change to mac-ContentionResolutionTimer is needed.
Observation 3	With an expectation for rapid increases in numbers of IoT devices and adoption of EDT, congestion on resources used for random access procedures may increase.
Observation 4	It would be beneficial if redirection can be introduced early.  It would help network to perform faster load balancing and provide opportunity to UE with an early random access rather than backoff.
 
Based on the discussion in section 2 we propose the following:
Proposal 1	The UE continues ROHC context for header compression if it resumes to the same eNB and ROHC continuation was indicated in the previous RRCConnectionRelease suspending the connection. Otherwise, the UE resets the header compression protocol.
Proposal 2	For UP solution, DL data can be multiplexed with the RRCConnectionResume in Msg4.
Proposal 3	In case the UE receives a legacy UL grant in response to a EDT Msg1, it shall not fall back to Rel-13 resume procedure.
Proposal 4	Introduce T300-EDT timer for early data transmission with extended range of values w.r.t T300, at least for LTE-M. FFS which values should be used.
Proposal 5	For LTE-M, introduce mac-ContentionResolutionTimer-EDT timer for early data transmission with extended range of values w.r.t mac-ContentionResolutionTimer. FFS which values should be used.
Proposal 6	Extend UE capability to include CP EDT and UP EDT as two separate capabilities.
Proposal 7	For EDT in MT scenario, the UE shall not indicate EDT in Msg1 but the network retrieves UE EDT capability and pages the UE indicating MT EDT.
Proposal 8	For CP EDT in MT scenario, the UE shall send a legacy Msg3 and receive a EDT Msg4 as in MO scenario, i.e., with DL NAS PDU encapsulated in the RRC message.
Proposal 9	For UP EDT in MT scenario, if the UE was provided with the NCC during suspend procedure, it shall restore context, reactivate security, resume bearers, and derive AS keys before transmission of Msg3 without UL data.
Proposal 10	Consider adopting early carrier redirection for NB-IoT for EDT.
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