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1. Introduction
The study of RAN aspects of MTC and other mobile data applications Communications Enhancements was agreed at RAN#59[1]. 
In email discussion [81bis#15][Joint/MTCe] the initial qualitative analysis of the proposed solutions for SDDTE has been captured. In this contribution we ask RAN2 to consider further details of the impact of the identified solutions on the RA procedure and suggest text proposals for inclusion in TR 37.869.
2. Discussions
As part of the evaluation metric table we look at Impact to radio protocols for the various solutions in the TR, focussing on the RACH impacts. 
Bearing in mind that RACH based access for LTE and UMTS has a finite capacity, particularly for large amount of synchronised accesses [2]. This capacity is limited by:
· The theoretical PRACH channel capacity

· The limited capacity of S-Aloha type of distribution employed by RACH, severely impacted during PRACH overloading

· The limited RACH processing available at the basestation.
We should be careful of the impact on RACH procedures particular for MTCe where the number of supported devices is expected to be very large in each cell.
For reference the current flow of LTE RRC setup connection using contention based RACH is shown in figure 1. This shows the RA procedure and details of message 2,3,4. Message 5 is also shown, which is the first UL message that contains the RRC connection setup complete message as well as the NAS service request.
For any new solution which uses modified the legacy RRC Connection setup procedures, the UE would need to know that the cell is capable of using any new access procedures and is expecting capable UEs to use the modified procedures. Presumably this could be indicated in the MIB (or later in the process if initial PRACH is unaltered).
Generally solutions should be evaluated considering the RACH capacity other related RA procedures, for example it may also be important to consider how the network would identify devices which appear as being in IDLE mode but actually they are not connected due to the device being off-line completely.
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Figure 1 LTE RRC Connection Setup
Figure 1 also shows some example numbers of MAC PDUs used from TR 36.822 [3] from “Table 5.2.1-2 – RRC Connection Setup / Release Sequence – Example 2”
3. RA Impact for each solution

Solution 1a. Signalling reduction by RRC message combining (5.1.1.3.7)
This solution describes piggybacking the Service Request in the RRC Connection Request, typically service request (NAS message) is sent in RRC Connection Setup Complete message (typically 20 bytes MAC PDU size). This has the effect of increasing message3 size from typically 7 bytes to about 20 bytes. Currently, as can be seen in figure 1 the UL grant is 20 bits and includes a fixed RB assignment 10 bits. Using this existing 10 bit fixed size RB assignment a larger message 3 could be transmitted could be signalled, but the feasibility of allowing this should be checked with RAN1.
The need for this larger grant would have to be indicated in some other way. Possibilities would include the reservation of certain ranges for message 1 for this purpose or the introduction of new message 1 preambles.
Solution 2a. RRC connection without U-plane radio bearer establishment

This solution uses piggybacking of the IP data packet / SMS (typically SMS messages would small than IP packets at about 140bytes plus header) on RRC Connection Setup Complete message, which would increase the size of this message, however this is possible as an additional IE in the RRC connection request (message 3) to indicate ‘small data’ would allow the eNB to provide sufficient UL grant. Other alternative methods for the indication of small data are also possible including the use of dedicated ranges of message 1. Any indication of “small data” may cause problems for legacy eNBs that do not support the new procedures. 
Solution 2b. Downlink small data transfer using RRC message
In this solution a new IE in message 4 RRC Connection Setup message to provide the small data, typically message 4 is 30 bytes and is sent and HARQ is supported. However, if a 1Kbyte message is piggybacked into the RRC Connection Setup message) which uses SRB0 /RLC TM mode, then the transmission of this data in one subframe becomes unrealistic because of the unknown channel conditions
Solution 3a. (FFS) – (connectionless approach)
The RAN details of this solution (to be captured in TR37.869v0.2.0, section 5.3.1) are still FFS (and discussed in the dedicated email discussion [81bis#14][Joint/MTCe] RAN aspects of “Fast Path” and “Connectionless”).
The basic principle of connectionless approaches is to provide information to the UE about the end point of the PDN connection or its bearer(s) in the SGW, such as Bearer Resource ID or Connection ID. When the UE is about to send a small data packet, the UE sends this information to the eNB during RRC connection establishment.
This would involve some extensions (as yet undefined) to RRC Connection Setup Complete message.
Solution 4a: Stateless Gateway for cost efficient transmission of infrequent or frequent small data
This solution is reducing the signaling between core network nodes, via a stateless gateway. No RA procedure impact is expected as there is no UE functional changes identified. This solution seems to impact RAN3 procedures the most.
Solution 5a: Keep the UE in connected mode

In the SA2 TR 23.887 (v0.9.0) this has been replaced by “Core Network assisted eNB parameters tuning for small data transfer” which suggests tuning of RAN parameters (e.g. DRX cycle and/or RRC inactivity timer) using CN and/or RAN assistance information and providing the RAN assistance information to the MME an target eNB during the release of the RRC signalling connection and S1 and X2 handover procedures. This will have no impact on RA Procedures
4. Conclusion
Solutions 1 2a, 2b and 3a, will have impacts on the existing RA procedure, a suggested text proposal to section 5 of TR 37.869 (v0.2.0) to capture this would be:

5
Solutions for Signalling Overhead Reduction

5.1
Optimized RRC connection management

5.1.1
Solution 1a. Signalling reduction by RRC message combining 
· NOTE:
This solution is described in TR 23.887 v0.8.0, section 5.1.1.3.7 "Service Request signalling reduction by RRC message combining".

The proposed solution reduces the number of RRC messages by combining the information exchanged between the UE and the network into fewer RRC messages. The solution is proposed for both LTE and UMTS.

5.1.1.1
RAN aspects

Editor’s Note:
RAN aspects of the solution and any related RAN enhancements and evaluations should be captured here.
The impact to RA procedure would be the requirement for piggybacking of the Service Request in the RRC Connection Request, typically, the service request (NAS message) is sent in RRC Connection Setup Complete message.

5.2
Control Plane solutions
5.2.1
Solution 2a. RRC connection without U-plane radio bearer establishment
· NOTE:
This solution covers the RAN aspects of the solutions described in TR 23.887 v0.8.0, section 5.1.1.3.1 "Use of pre-established NAS security context to transfer the IP packet as NAS signalling without establishing RRC security" and section 5.1.1.3.2 "Optimised handling of C-plane connection for Small Data and Device Trigger Transmission without U-plane bearer establishment in E-UTRAN", which from RAN point of view are very similar.

The proposed solution aims at optimizing the procedure for transfering a single higher layer message (e.g. a single IP data packet or a SMS) (and possibly its response) starting from RRC idle. The solution consists of piggybacking the IP data packet / SMS (and the response) in control messages, without establishing U-plane radio bearers. For the MO case, the UL packet and possible acknowledgment DL packet are conveyed in RRC Connection Setup Complete/UL Information Transfer and RRC Connection Release/DL Information Transfer messages respectively. For the MT case, the DL packet and possible acknowledgment UL packet are conveyed in DL Information Transfer and UL Information Transfer messages respectively.
5.2.1.1
RAN aspects

Editor’s Note:
RAN aspects of the solution and any related RAN enhancements and evaluations should be captured here.
The impact the RA procedure would be that an additional IE in the RRC connection request (message 3) is required to indicate ‘small data’ to allow the eNB to signal sufficient UL grant.
5.2.2
Solution 2b. Downlink small data transfer using RRC message
· NOTE:
This solution is described in TR 23.887 v0.8.0, section 5.1.1.3.5 "Downlink small data transfer using RRC message".

Similar to Solution 2a, this proposal suggests a control plane solution for the transfer of single higher layer messages (e.g. a single IP data packet or a SMS), but focuses on the MT case (from the MME to the UE): the DL packet and possible acknowledgment UL packet are conveyed in RRC Connection Setup and RRC Connection Setup Complete messages respectively.

5.2.2.1
RAN aspects

Editor’s Note:
RAN aspects of the solution and any related RAN enhancements and evaluations should be captured here.
The impact to the RA procedure would be that a new IE in message 4 RRC Connection Setup message is required to provide the small data transfer. This would require significant changes to the current design of the RA procedure due the current lack of physical layer channel knowledge.
5.3
Connectionless approaches

To reduce the amount of signalling caused by idle-connected mode transitions, solutions can be defined where small amounts of data can be transferred while the UE has no NAS signalling connection. Two alternatives are described in TR 23.887. Both alternatives are based on the principle of providing information to the UE about the bearer end-point(s) of the PDN Connection(s) in the SGW. One of the differences is the handling of security. For "Small Data Fast Path" (TR 23.887 v0.8.0 section 5.1.1.3.6.2) security is performed between UE and SGW (the security solution is FFS by SA3). For "Connectionless Data Transmission" (TR 23.887 v0.8.0 section 5.1.1.3.6.3) the security model is not changed as the eNB performs the encryption function. For both alternatives RAN aspects are not described in TR 23.887 and are covered in the following. The solution is proposed for both LTE and UMTS.
5.3.1
Solution 3a. (FFS)

· NOTE:
This section defines a common RAN solution for both alternatives described in TR 23.887 v0.8.0, section 5.1.1.3.6.2 "Small Data Fast Path" and section 5.1.1.3.6.3 "Connectionless Data Transmission". 
5.3.1.1
RAN aspects

Editor’s Note:
RAN aspects of the solution and any related RAN enhancements and evaluations should be captured here. 
The RA procedure impact of this solution would involve some extensions (as yet undefined) to RRC Connection Setup Complete message.
Editor’s Note:
Any solution specific aspects (e.g. for security), related to the two alternatives described in TR 23.887, can also be captured here.
5.4
S1/Iu-only optimizations 
5.4.1
Solution 4a: Stateless Gateway for cost efficient transmission of infrequent or frequent small data

· NOTE:
This solution covers aspects with RAN impacts of the solutions described in TR 23.887 v0.8.0, section 5.1.1.3.4 "Stateless Gateway for cost efficient transmission of infrequent or frequent small data".

This solution aims at reducing the signaling between core network nodes, via a stateless gateway.
5.4.1.1
RAN aspects

Editor’s Note:
RAN aspects of the solution and any related RAN enhancements and evaluations should be captured here
There is no expected impact to the existing RA procedure.
5.5
Keep the UE in connected mode

5.5.1
Solution 5a. Keep the UE in connected  mode

· NOTE:
This solution is described in TR 23.887 v0.8.0, section section 5.1.2.3.1 "Keep the UE in connected mode".

In order to minimize UE state transitions, solutions can be defined to keep the UE in connected mode while reducing the signalling overhead (e.g. modifying the value of the parameters for measurement reporting and handover behaviour) and power consumption (e.g. adjusting the DRX cycle) resulting from connected mode.

5.5.1.1
RAN aspects

Editor’s Note:
RAN aspects of the solution and any related RAN enhancements and evaluations should be captured here.
There is no expected impact to the existing RA procedure.
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Message 2


UL Grant: 20 bits
- Hopping flag – 1 bit
- Fixed size resource block assignment – 10 bits
- Truncated modulation and coding scheme – 4 bits
- TPC command for scheduled PUSCH – 3 bits
- UL delay – 1 bit
- CSI request – 1 bit (reserved in contention based RACH)



Message 3


Includes BSR and S-TMSI and establishmentCause
ue-Identity = 
	either S-TMSI or random value in the range 0 .. 240-1
establishmentCause =
	emergency, highPriorityAccess, mt-Access, mo-Signalling, 
	mo-Data, delayTolerantAccess-v1020, spare2, spare1



Message 4


Include RRCConnectionSetup message used to establish SRB1
Contains: radioResourceConfigDedicated
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