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Introduction

[bookmark: _Ref178064866]In this document we examine some aspects of the early data transmission, where we see commonality between both the user plane (UP) and control plane (CP) solutions and between eMTC and NB-IoT. The purpose is to provide further details on top of the answers we provided for the email discussion on early data transmission [1]. 
For the details of the CP and UP solutions, we have further provided accompanying documents [2] and [3], respectively. 
[bookmark: _GoBack] Discussion
Indication of early data available for transmission
In our view, it is not necessary for the UE to indicate data available for early data transmission (EDT), but it could be up to the eNB to provide larger grants when the conditions are such that the UEs could transmit larger Msg3s, possibly including user plane data as well. 
If such indication is used, it is generally understood [1] that random access preamble would be used by the UE to indicate its wish for early data transmission. There are several aspects RAN2 should discuss about such indication, e.g., if there is a need to indicate different message sizes or if such indication would be defined per CE level. 
In any case, for a preamble-based indication, we need to separate several preambles for early data with multiple preamble groups. Such indication would result in reduced (N)PRACH performance, as the number of available preambles will be reduced. If early data transmission is seen to be scaled to massive number of IoT devices, then there would be needed to have multiple subcarriers / preambles reserved to have decent random access capacity. If a hard partitioning is done, (N)PRACH capacity would deteriorate for all UEs, and it would depend on the size of the groups which UEs are hurt the most. The exact effect is up to further studies and not in the scope of RAN2, however RAN2 should specify how the grouping is done.
 
[bookmark: _Toc494061343][bookmark: _Toc494187810][bookmark: _Toc494187856][bookmark: _Toc494234052][bookmark: _Toc494235798][bookmark: _Toc494365814][bookmark: _Toc494366667][bookmark: _Toc494367122][bookmark: _Toc494408620][bookmark: _Toc494415214]Further hard partitioning of the (N)PRACH resources for early data transmission will result in random access performance degradation.

In order to limit the number of reserved preambles or grouping to be done, we propose that if any indication is used to indicate that early data is available for transmission, it would not be used to indicate different message sizes. In our view the TBS provided for Msg3 will be decided by eNB, and additional indication by UE is not required.

[bookmark: _Toc494234053][bookmark: _Toc494235799][bookmark: _Toc494365815][bookmark: _Toc494366668][bookmark: _Toc494367123][bookmark: _Toc494408621][bookmark: _Toc494415215]It is up to eNB to provide uplink grant size for early data transmission. 

[bookmark: _Toc494234047][bookmark: _Toc494235792][bookmark: _Toc494415219][bookmark: _Toc494365807][bookmark: _Toc494367128][bookmark: _Toc494408626]Hard preamble partitioning is not used to indicate the uplink message size for early data transmission. 

Because of the (N)PRACH performance degradation with hard partitioning, we propose to have a sort of “soft partitioning”, where the existing preamble space and grouping is used, but where system information provides an overlay grouping for the purpose of early data transmission. Then, UEs using EDT would select a preamble of the specified groups to indicate its wish for optimised early data procedure. However, in this approach also legacy UEs may select such preamble, as they don’t understand the soft partitioning for Rel-15 UEs. Therefore, Msg2 would be used to send two grants, where the small (“legacy”) one could be understood and used by all UEs and the larger grant is intended for EDT for Rel-15 UEs supporting the feature. The RAR format would be such that all UEs (including legacy) can see “normal RAR” and the Rel-15 UEs can use the additional (larger) grant if required. It would be up to the eNB to allocate the grants, and it could either use same time-frequency resources for both grants, or then, for example, have the second grant pointing to a later resource, which could be re-used in the case the UE would use the first grant. 

[bookmark: _Toc494365817][bookmark: _Toc494366670][bookmark: _Toc494367125][bookmark: _Toc494408623][bookmark: _Toc494415216]Indication of early data transmission in Msg3 can be provided in a backwards-compatible way when using “soft partitioning”. 
[bookmark: _Toc494365818][bookmark: _Toc494366671][bookmark: _Toc494367126][bookmark: _Toc494408624][bookmark: _Toc494415217]Backwards compatibility can be kept by embedding additional grant information in RAR.

[bookmark: _Toc494415220][bookmark: _Toc494234048][bookmark: _Toc494235793][bookmark: _Toc494365808][bookmark: _Toc494367129][bookmark: _Toc494408627]"Soft partitioning" is used to reserve preambles for indication of early data transmission. 

In simplest form, the ‘R’ bit in each RAR could be used to indicate presence of a second grant, and the existing RAR could be used intact if the use of ‘R’ bit is directly mapped to some (larger) grant size. Such mapping could be signalled e.g. in system information. Another option is to use the BI-subheader ‘R’-bit to indicate to the UE that additional grants are provided in the MAC PDU, or dynamically indicate the presence of additional grants in (N/M)PDCCH. Any alternative we adopt should be such with retains possibility for future extensions and forward compatibility. 
If there is need for more flexibility in the grant, the second grant per used preamble could be included in a new MAC RAR, for example in the padding region. The legacy grant and RAR format could be used, or the RAR size could be optimized to save some overhead (e.g. no need to transmit the same Timing Advance Command two times) See Figure 1 for an example where R-bits in RAR are used to indicate a second RAR/grant in the padding region of MAC PDU. Similar solution could be used together with different indications. 

[bookmark: _Toc494415221][bookmark: _Toc494365809][bookmark: _Toc494367130][bookmark: _Toc494408628]RAN2 should discuss the best way to add additional grant(s) in Msg2 for early transmission in Msg3. 

[image: ]
[bookmark: _Ref494231311]Figure 1. Example of using R-bits to indicate second grant (or RAR) in the padding region. In this example additional RARs are provided in the padding or all (legacy) RARs with R-bit set to 1. 

State transitions during early data transmission
In general, we think that by default the early data transmission should use the legacy RRC messages state transitions (i.e. typically UE would move to RRC_CONNECTED and EMM_CONNECTED while processing Msg4) for both UP and CP solutions. Firstly, we think that early data transmission can be specified using the existing RRC messages, where the messages can be extended in case additional information on top of what has been specified today is needed. This would result in minimal specification impact. 
Regarding transition to connected mode, we think it is not viable to always a priori assume the transaction triggering EDT will only consist of one uplink and downlink transmission (in case of MO event) or one downlink transmission (in case of MT event). Therefore, the transition to connected mode should be the default. Otherwise any additional UL or DL transmissions would require triggering of a new RRC connection resume or setup procedure, resulting in increased total power consumption. 
Thus, further benefit of using the legacy procedure and messages as baseline is the situations where the traffic pattern is something else than just one uplink and downlink packet, which, as discussed, is difficult to determine in advance in many cases. For such cases, there is no need to specify or perform a dedicated fallback procedure, as the procedures would be continued as specified today. 

[bookmark: _Toc494235795][bookmark: _Toc494365810][bookmark: _Toc494367131][bookmark: _Toc494408629][bookmark: _Toc494415222]Existing RRC messages and state transitions are used as baseline for EDT.

Optimised message flow for early data transmission would be up to eNB decision after receiving possible EDT indication in Msg1, possible BSR or RAI in Msg3 and/or any other possible information helping the eNB. In case the eNB thinks there will be no more UL transmissions or more than one DL transmission, it could indicate in Msg4 that the UE doesn’t need to make the transition to connected but move back to idle. One way of indicating would be to multiplex RRCConnectionRelease message in Msg4 together with possible downlink data [3]. 

[bookmark: _Toc494061349][bookmark: _Toc494062238][bookmark: _Toc494058744][bookmark: _Toc494062644][bookmark: _Toc494187797][bookmark: _Toc494187863][bookmark: _Toc494187876][bookmark: _Toc494234051][bookmark: _Toc494235796][bookmark: _Toc494365811][bookmark: _Toc494367132][bookmark: _Toc494408630][bookmark: _Toc494415223]It is up to eNB to allow UE to go back to idle after reception of Msg4.

Transmission of Msg5
In case the UE makes a transition to connected mode, for example if there are multiple downlink transmissions towards the UE, then Msg5 should be used as in legacy (skipping any common parameters already included in Msg3, in case such were included for EDT). 
Moreover, we don’t think Msg5 should be automatically be left out for EDT, unless the network allows this. Three-way handshake completed by Msg5 may be useful or needed for security reasons, e.g. in preventing man-in-the-middle or replay attacks. In addition, we think that Msg5 is need for the network to ensure that the right UE is performing the signalling before it performs further operations. The network should only update its state once it knows that the UE has received Msg5 and sent back the Msg5 to avoid state mismatch. Also, there are NAS procedures which may require further reply from the UE in Msg5. However, if the EDT procedure is expected to take no more than one uplink and at most one downlink transmission, then eNB could signal in Msg4 if it the UE could skip sending Msg5. This could be done by adding a one-bit field indicating this possibility in RRCConnectionResume and RRCConnectionSetup messages. 

[bookmark: _Toc494235797][bookmark: _Toc494365812][bookmark: _Toc494367133][bookmark: _Toc494408631][bookmark: _Toc494415224]A one-bit field in RRCConnectionResume or RRCConnectionSetup is used to indicate if the UE can skip transmission of the corresponding “complete” message in EDT.
RRC Connection Release
As we think the UE should move to connected mode as default, RRC Connection Release procedure should be used to move the UE back to idle. Additional benefit is that for the UP solution, the release RRC message can be used to convey NCC for the next resume procedure and the resumeID. These should not be provided any sooner than the suspension of UE context to avoid issues e.g. with radio link failures or UE changing the cell before entering the suspended state. 
In the above we propose that the RRCConnectionRelease message is multiplexed with other information in Msg4 when the UE is to move immediately back to idle after the data transaction. The specification impact of this solution should be minimal, as such multiplexing in Msg4 is already possible. 

[bookmark: _Toc494365813][bookmark: _Toc494367134][bookmark: _Toc494408632][bookmark: _Toc494415225]RRC Connection Release procedure is used in EDT. 

From power consumption point-of-view, the release message is sent in downlink thus it doesn’t significantly affect the UE power consumption if used (assuming power used for RX is considerably lower compared to that of TX). We also have an agenda item for faster RRC release enhancements for Rel-15, where we expect any specified solutions could be used together with EDT. 

[bookmark: _Toc494365820][bookmark: _Toc494366673][bookmark: _Toc494367127][bookmark: _Toc494408625][bookmark: _Toc494415218]Rel-15 enhancements to release could be used in EDT to optimize power consumption. 
Conclusion
In section 2 we made the following observations:
Observation 1	Further hard partitioning of the (N)PRACH resources for early data transmission will result in random access performance degradation.
Observation 2	It is up to eNB to provide uplink grant size for early data transmission.
Observation 3	Indication of early data transmission in Msg3 can be provided in a backwards-compatible way when using “soft partitioning”.
Observation 4	Backwards compatibility can be kept by embedding additional grant information in RAR.
Observation 5	Rel-15 enhancements to release could be used in EDT to optimize power consumption.

Based on the discussion in section 2 we propose the following:
Proposal 1	Hard preamble partitioning is not used to indicate the uplink message size for early data transmission.
Proposal 2	"Soft partitioning" is used to reserve preambles for indication of early data transmission.
Proposal 3	RAN2 should discuss the best way to add additional grant(s) in Msg2 for early transmission in Msg3.
Proposal 4	Existing RRC messages and state transitions are used as baseline for EDT.
Proposal 5	It is up to eNB to allow UE to go back to idle after reception of Msg4.
Proposal 6	A one-bit field in RRCConnectionResume or RRCConnectionSetup is used to indicate if the UE can skip transmission of the corresponding “complete” message in EDT.
Proposal 7	RRC Connection Release procedure is used in EDT.
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