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Introduction
The limited size of MSG3 in LTE is an issue that seems to recur in every 3GPP release. Instead of coming up with different solutions each time (e.g. overloading various bits or extending the message), we could consider a more long-term solution. In this contribution, we discuss how this can be achieved by introducing a “MSG3.5”.
Discussion
MSG3 size constraint in LTE
The RRC connection request, RRC connection re-establishment request, and RRC connection resume request are sent on SRB0 using the UL CCCH, i.e. “MSG3” of the LTE random access procedure. As SRB0 uses RLC TM and hence lacks segmentation, the whole RRC PDU must be sent within a single transport block which limits its size. The size of the transport block is determined by the number of bits that can be reliably delivered to a UE at the cell edge and can be as low as 56 bits in some deployments. After removing MAC, RLC, and PDCP overhead, only 48 bits remain for the actual RRC PDU.
Some eNBs supports a flexible MSG3 size by allowing the UE to indicate its MSG3 size and radio conditions in the preamble transmission (using the preamble groups A and B). This, however, does not change the fact that there will still be deployments which only support a 56 bit UL CCCH.
[bookmark: _Toc486855418][bookmark: _Toc486855430][bookmark: _Toc486855449][bookmark: _Toc486855478][bookmark: _Toc490210421][bookmark: _Toc490225347]The size of MSG3 is limited to 56 bits in some networks. 
Motivation for larger MSG3
The limited size of MSG3 in LTE is an issue that seem to recur in every 3GPP release. One of the later examples is Rel-13 RRC resume where a truncated version of the Resume ID was introduced to fit into a 56 bit MSG3. The Truncated Resume ID affects performance since it reduces the number of connections that can be suspended per eNB and the area in which a connection can be resumed. Only if the network  indicates that it supports a larger MSG3 (the useFullResumeID flag is set in SIB2) is the UE allowed to use the full Resume ID. The same problem applies to Light Connection [3][footnoteRef:2] and Inactive mode in LTE connected to 5G-CN [1] which build upon Rel-13 RRC resume.  [2:  Rel-14 Light Connection is currently put on hold awaiting further input from SA2. From an RRC point of view the aim is to specify a single mechanism for Light Connection and Inactive mode in LTE connected 5G-CN.] 



[bookmark: _Toc486604225][bookmark: _Toc486605085][bookmark: _Toc490210422][bookmark: _Toc490225348]The Truncated Resume ID reduces the area in which a connection can be resumed and the number of UEs that can be suspended per eNB.
[bookmark: _Toc490210423][bookmark: _Toc490225349]The full Resume ID requires that the network supports at least a 72 bit MSG3. 
For inactive mode in NR, additional information will potentially be included in MSG3 for the inactive-to-connected mode transition:
· As part of the work on the unified access barring scheme for NR, there have been proposals to replace or extend the establishment cause with access category information [5]. This may require that the establishment cause field is extended from the current 3 bit to ~8 bits. Note that this affects the size of MSG3 also for the idle-to-connected mode transition.

· To avoid coordination of RAN node IDs between PLMNs sharing the same RAN, [2] suggests to include a ~3bit indication of the Registered PLMN in MSG3. This would allow each PLMN to assign its own Resume IDs/RAN node IDs and enables a connection to be suspended and resumed in RAN areas operated by different PLMNs without coordinating the RAN node IDs used in the RAN areas.

· To enable different treatment of network slices, [4] suggests indicating the network slice in MSG3 by including a BSR (indicating the DRB ID/LCG) or a ~3 bit slice index or DRB ID.

· To start scheduling the UE as early as possible the UE should include a BSR in MSG3. However, including a BSR in MSG3 means that less space is available for the RRC PDU.
To support the full Resume ID and enable additional information to be included in the RRC connection resume request message also in LTE we need to increase the size of MSG3 beyond 72 bits. However, since there may be deployments which don’t support this, this will lead to a complex specification where several of the fields will be conditionally included (similar to the useFullResumeID flag mentioned above). A simpler and more future proof solution is therefore to introduce a “MSG3.5”. This will be discussed in the next section.
[bookmark: _Toc486855419][bookmark: _Toc486855431][bookmark: _Toc486855450][bookmark: _Toc486855479][bookmark: _Toc490210424][bookmark: _Toc490225350]To support the full Resume ID and also enable additional information to be included in RRC connection resume request (e.g. extended cause value, PLMN ID, slice id/DRB ID, BSR) the size of MSG3 need to be increased beyond 72 bits.
A more future proof solution: MSG3.5
The basic idea of MSG3.5 is to send the contention resolution identity in MSG3 and the rest of the information that does not fit into MSG3 in MSG3.5.


One way to realize MSG3.5 is to split the RRC contents over two RRC messages:
· The initial RRC message contains only the UE ID used for contention resolution and is sent on SRB0/UL-CCCH with RLC TM in MSG3, similar as today.
· MSG3 also contains an indication on MAC level (e.g. a BSR) that the UE has as an additional RRC message in its UL buffer.  In this way, MAC can schedule the UE immediately without having to wait for the initial RRC message to be parsed. 
· The second RRC message contains the rest of the information (e.g. cause value, authorization token, etc) and is sent after contention resolution on SRBx/UL-DCCH in MSG3.5 using either RLC TM or RLC UM/AM. RLM UM/AM is slightly more complex to configure and causes more overhead, but has the benefit that the message can be arbitrarily large. 
Instead of relying on the MAC level indication in MSG3 to indicate that more data is coming, it would also be possible for the eNB to send two UL grants at the same time. This would however impact legacy UEs or UEs with only a small amount of RRC data which cannot make use of the second UL grant.
Another option would be to use a single RRC message as today but send it using RLC AM/UM instead of RLC TM. This may however cause issues on the MAC layer which needs to know which of the RLC SDUs that contains the contention resolution identity. Another issue is the additional overhead added by the RLC headers which means that not all 40 bits in the UE ID can be used for contention resolution.
[bookmark: _Toc486604231][bookmark: _Toc486605091][bookmark: _Toc486855451][bookmark: _Toc490210425][bookmark: _Toc490225354]Consider introducing a “MSG3.5” as a long-term solution to the MSG3 size problem.

Conclusion
In this contribution, we discussed the content of the RRC connection request and RRC connection resume request (i.e. “MSG3)” for LTE connected to 5G-CN. In section 2 we made the following observations:
Observation 1	The size of MSG3 is limited to 56 bits in some networks.
Observation 2	The Truncated Resume ID reduces the area in which a connection can be resumed and the number of UEs that can be suspended per eNB.
Observation 3	The full Resume ID requires that the network supports at least a 72 bit MSG3.
Observation 4	To support the full Resume ID and also enable additional information to be included in RRC connection resume request (e.g. extended cause value, PLMN ID, slice id/DRB ID, BSR) the size of MSG3 need to be increased beyond 72 bits.

Based on the discussion in section 2 we propose the following:
Proposal 1	Consider introducing a “MSG3.5” as a long-term solution to the MSG3 size problem.
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