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1 Introduction
RAN2 has agreed that two Signalling Radio Bearers (SRBs) are configured in RRC_CONNECTED state. The implicit understanding is also that these two SRBs use RLC acknowledged mode (RLC-AM). 

The usage of the SRBs by RRC and NAS is so far for further study [TS 36.331 v 0.3.0]. The purpose of this paper is to further discuss the mapping of RRC and NAS messages into SRBs and provide a proposal for a way forward.
2 Discussion
2.1 Signalling Radio Bearer SRB0

During the establishment of the RRC connection, the RRC CONNECTION REQUEST is transmitted by the UE on an uplink CCCH. In the successful case, the network replies with message (e.g. RRC CONNECTION RECONFIGURATION) that establishes the SRBs used in RRC_CONNECTED state, it can not itself be sent on any of those bearers and it uses RLC-UM. 
The SRB used for the transmission of these messages (and any other RRC messages transmitted before the UE has established the other SRBs) can be referred to as “SRB0”.  On SRB0, lower layers do not provide unique UE addressing in the cell. 
2.2 Considerations on the usage of SRBs in RRC_CONNECTED
2.2.1 Issues with splitting signalling onto several SRBs

The interpretation of the RAN2 agreement is to use two SRBs for the signalling – one for “high-priority messages” and one for “low-priority messages”. There are a few aspects on this that need to be discussed.

In general, the relative arrival time for two messages that are sent on different SRBs can not be predicted by the sender. Therefore, splitting a single protocol layer (such as RRC) on two different SRBs may result in interaction issues if they are truly used in parallel (which shall happen if there is a point of having them both!) and the corresponding procedures are dependent on each other. 
However, messages part of procedures that are independent but still within the same protocol layer may be transmitted in parallel on different SRBs, and one uplink example of this would be MEASUREMENT REPORT. The measurement report procedure should be able to run in parallel with all other procedures. 

If two independent layer 3 protocols (e.g. RRC and one NAS protocol) each uses one of these two SRBs this should not be a problem in general if the layers are really independent of each other. 
2.2.2 Mapping of RRC and NAS messages
A natural mapping would then be that RRC and NAS are put on separate SRBs. Let’s assume we define “SRB1” for RRC and “SRB2” for NAS.
However, there are two issues with this mapping:

1. If NAS messages are to be piggybacked in the RRC CONNECTION RECONFIGURATION message, a protocol layer will inevitably be split onto two SRBs. On which SRB should the RRC CONNECTION RECONFIGURATION message carrying the NAS message be sent? Sending it on SRB1, there will be no interaction with other RRC procedures (RRC CONNECTION RECONFIGURATION in particular) but the received order of the NAS message compared to other NAS messages, sent on SRB2, cannot be predicted. On the other hand, using SRB2 for RRC CONNECTION RECONFIGURATION, results in a similar problem for RRC.
2. If E-UTRAN decides to perform a handover, there may be downlink messages on SRB2 that has not yet been received by the UE at the point when the UE receives the handover message on SRB1. These outstanding messages need to be conveyed to the UE after the handover (either by E-UTRAN or the core network. Using a common SRB for RRC and NAS this problem is eliminated since RLC provides in-sequence delivery . There is however a trade-off between the advantage with this solution and the advantage of letting a handover message bypass other messages (se below).
Therefore, we think that simply letting RRC and NAS share the same “mainstream” RLC-AM SRB will do for the majority of the messages used in RRC and NAS. Given the high bitrate and low latency possible compared to GSM and UTRA, the cases when signalling messages are stuck in RLC due to bad radio conditions should be rare. The delay added to an RRC message due to a NAS message in front of the queue can in most cases be neglected. 
2.2.3 Cases when more than one SRB could be useful

There may however exist a few cases where this “mainstream” SRB may come short:

1. Measurement reports, especially periodic, should be transmitted as fast as possible and a delayed periodic measurement report is typically discarded by the network anyway since a periodic measurement report has a limited time-to-live. And the measurement report procedure does not interract with any other ongoing procedures. Therefore we think that a possibility to have a separate SRB would be an advantage for RRC messages (such as measurement reports) that can by-pass and not interact with other messages. The use of this SRB should be controlled by the network. Using RLC-UM for this SRB should be considered to minimize the delays, but RLC-AM is also possible.
2. A mechanism to increase the probability of receiving handover commands in bad coverage can be argued to have benefits and a separate downlink SRB could be an architecture to allow this. However as said above, the disadvantage would be that there may be downlink RRC and NAS messages in the queue not having reached the UE when the handover has been made. Still, this could be a trade-off for the network to consider if the use of it by the network is optional. The usage of this additional downlink SRB should be restricted to procedures that do not interact, or when the interaction is well defined and can be coped with by the UE and the network. Using RLC-UM for this SRB may further reduce delays.
3. In case we have extraordinary long, low priority, NAS messages (SMS could possibly fall into this category) these may  cause, other, shorter and more urgent RRC and NAS messages, to stuck. Therefore, to have the option of using a low priority SRB (with RLC-AM), would be an advantage in such a scenario. However, we need to make sure the messages mapped on that SRB are independent of NAS messages mapped on the “mainstream” SRB. Easiest is to map a protocol as a whole (eg. if such a protocol would exist in the control plane to transport the SMS messages).
2.3 Conclusion
We have argued that using a single SRB for most RRC and NAS messages is sufficient in the majority of the cases (“SRB2”). 
However, we see a small, potential need for the use of a SRB (“SRB1”) for “high-priority” RRC messages and provided some examples where this would be beneficial. Whether to use RLC-UM or RLC-AM for this SRB should be discussed.
Moreover, another SRB, “SRB3”, could be used if we identify a need to transfer large, low-priority, NAS messages, such as SMS. 
The messages that would use SRB1 and SRB3 should be motivated case by case and only be allowed when the interaction between those messages and messages on other SRBs is none or limited. 
3 Proposal
We propose that RAN2 adopts an architecture that allows for four signalling radio bearers:
· SRB0: Used when there is no DCCH in the cell, e.g. when the UE comes from RRC_IDLE state. Uses RLC-TM in uplink and RLC-UM in downlink.

· SRB1: May be configured by E-UTRAN in RRC_CONNECTED state to be used for certain high-priority RRC messages. Mapped on DCCH. Whether this SRB uses RLC-UM or RLC-AM is FFS.
· SRB2: Always configured by E-UTRAN in RRC_CONNECTED state. Used for most RRC and NAS messages. Mapped on DCCH and uses RLC-AM in both uplink and downlink.

· SRB3: May be configured by E-UTRAN to be used by certain low-priority NAS messages. Mapped on DCCH and uses RLC-AM in both uplink and downlink.
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