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1. Introduction
In the last RAN2 meeting, an LS was received from SA2 to request RAN2 to provide feedbacks for the RAN impact of the potential SDDTE (Small Data and Device Triggering Enhancements) solutions [1]. Since SA2 expects the initial response by RAN2#82, there is not much time for RAN2 to provide detailed evaluation for each solution that has been described by SA2. In this paper, we categorize the SA2 solutions into several groups from a RAN2 point of view and analyze the impact on RAN2 specifications of each group.
2. Discussion
2.1 SDDTE Issues
Small data transmission refers to the transmission of small amounts of data packets in DL or UL, which is a typical characteristic of MTc applications. From the perspective of average transmission interval between packets, it can be seen as both frequent and infrequent small data transmission 
For infrequent small data transmission, the UE may always be in ECM-idle mode before receiving or transmitting the small data. So for transmission of only one or several data packets, the UE needs to perform the whole Attach or Service Request procedure in order to wake up from idle mode to establish the C-plane connection and U-plane data tunnel [2]. This can lead to large system resource overhead for the transmission of single or small data packets (possibly using IP). Thus, the issue in case of infrequent small data transmission is to improve the efficiency of system resource usage.
For frequent small data transmission e.g. keep alive messages, it can cause frequent state transitions between idle and connected mode if the UE returns back to idle state after the successful transmission of the small data for power saving purpose. The signaling overhead becomes severe in this case. Usually the UE can be kept in connected state to avoid such frequent state transitions; however, this has adverse effects that the power consumption may increase and signaling overhead will also increase due to handovers. So, the issue in case of frequent small data transmission is to reduce the signaling overhead while to minimize the power consumption at the same time.
2.2 Impact of SA2 solutions on RAN2
To solve the key issues in small data transmission, many solutions have been proposed in SA2 and are documented in [3]. These solutions are listed as follows:
· Solution 1: Small Data Transfer starting from RRC IDLE (E-UTRAN): Use of pre-established NAS security context to transfer the IP packet as NAS signalling without establishing RRC security

· Solution 2: Optimised handling of C-plane connection for Small Data and Device Trigger Transmission without U-plane bearer establishment in E-UTRAN
· Solution 4: Stateless Gateway for cost efficient transmission of infrequent or frequent small data

· Solution 5: T5 based DL small data transfer using RRC message
· Solution 6A: Small Data Fast Path
· Solution 6B: Connectionless Data Transmission
· Solution 7: Service Request signalling reduction by RRC message combining
· Solution 8: Keep the UE in connected mode
Among these solutions, some are intended to improve the RAN resource efficiency, while others are intended to improve the resource efficiency in CN. From a RAN point of view, the solutions can be grouped as in Table 1:
Table 1 SA2 solution grouping from RAN perspective
	Group
	Description
	Solutions

	Group 1
	Small data transmission using SRB
	Solution 1/2/5

	Group 2
	Legacy small data transmission via DRB
	Solution 4

	Group 3
	Optimized RRC procedure for DRB transmission
	Solution 7

	Group 4
	Connectionless data transmission
	Solution 6

	Group 5
	Keep UE in connected mode
	Solution 8


2.2.1 Group 1 solutions
For Group 1, the solutions are different from the legacy IP data transmission methods using DRB in U-plane. The small data is carried as NAS PDUs and encapsulated as RRC IEs transmitted via SRB in C-plane. UL small data can be transferred in RRCConnectionSetupComplete or ULInformationTransfer, and correspondingly DL small data can be transferred in RRCConnectionSetup, RRCConnetionRelease or other DL RRC messages, as depicted in Figure 1 for example.
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Figure 1 Illustration of Group 1 solution
In our understanding, the main RAN2 issue for Group1 solutions is whether it is appropriate to carry the U-plane data in SRB, we analyze from the following aspects.
· Transmission reliability
In current User Plane/Control Plane architecture, the reliability of data transmission is guaranteed by the HARQ in MAC layer and ARQ in RLC layer. Table 2 shows the comparison of the reliability between DRB and SRB. Similar to DRB, the SRB1 is equipped with HARQ and ARQ, thus the reliability of small data transmission using SRB1 may not degrade. However, for SRB0 case, e.g. DL data is transferred in RRCConnectionSetup, only HARQ is used and there is no ARQ, this may lead to degradation of the reliability and resource wasting for re-transmission. 
Table 2 Comparison of reliability between DRB and SRB1/0
	Bearer type
	DRB
	SRB1
	SRB0

	HARQ
	Y
	Y
	Y

	ARQ
	Y
	Y
	N


                       Note: Y means the scheme applies and N means the scheme does not apply.
· Scheduling priority
Usually the PDU from SRB is prioritized compared to the PDU from DRB, so the normal data transmission via DRB for non-MTC UEs may be affected, if small data from many MTC devices are given high priority for scheduling on SRB. Considering that the RRC messages piggybacking small data packets includes data of U-plane and are PDUs of C-plane simultaneously, it can bring new challenges for the scheduler to balance the piggybacked data, the legacy SRB signaling and legacy DRB PDUs while not degrading the QoS of non-MTC UEs.
· Header compression
Header compression is performed in PDCP layer for U-plane only, which means that it is only used for PDCP SDUs sent on DRB. When transmitting a small IP packet in SRB, the IP header for that packet cannot be compressed. It is obvious that a big IP header with small data payload is not resource efficient. If the small data transmission is infrequent then such resource wasting may be negligible, but if we consider large amount of MTC UEs and also other frequent small data applications, such wastage becomes more significant and should be avoided.  
Observation 1: Group 1 solutions may have some problems of lower RAN efficiency.
2.2.2 Group 2 solutions
For Group 2 including solution 4, these enhancements mainly involve RAN3, and for the RAN2 aspects, the small data transmission uses DRB in Uu like legacy behaviors. As pointed in [3] there is no UE impact for solution 4, it is believed that this solution reuses the current DRB management and transmission schemes and seems have no RAN2 impact. 
Observation 2: Group 2 solutions seem mainly involves RAN3 and has no RAN 2 impact.
2.2.3 Group 3 solutions
Group 3 focuses on improving resource efficiency in Uu. Solution 7 belongs to this group and the RRC procedure is enhanced in this solution. As shown is Figure 2, the SRB, DRB and AS security are activated together in a single RRC procedure i.e. RRC connection setup procedure. 
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Figure 2 Illustration of Group 3 solution
This solution may have the following impacts on RAN2.
· Early Service Request included in RRCConnectionRequest
In solution 7, to combine the DRB setup together with SRB1 setup in RRC connection setup procedure, the NAS Service Request (SR) is sent in RRCConnectionRequest instead of RRCConnectionSetupComplete. We discuss 2 issues for this early SR.
Firstly, providing that the size of the normal SR is 4 octets and the size of the legacy RRCConnectionRequest is 7 octets, the eNB should allocate UL resource for at least 11 octets to transmit the new RRCconnectionRequest. The first question is how to trigger the eNB to allocate an enough UL grant for this bigger RRCConnectionRequest transmission containing NAS SR. One possible method is using dedicated group of preamble for UEs capable of the enhanced RRC procedure function, the eNB, when receiving the dedicated preamble, will provide a big enough UL grant in RA response for the new RRCConnectionRequest transmission.
Secondly, for contention-based RA, the current contention resolution identity MAC CE for contention resolution contains the whole UL CCCH SDU of RRCConnectionRequest and the length is 6 octets. In case of solution 7, the size of the whole UL CCCH SDU of the new RRCConnectionRequest is 10 octets, so the question is the current contention resolution identity MAC CE is not fit for the new UL CCCH SDU. To solve this problem, one way is to extend the contention resolution ID field to 10 octets and use a new LCID to mark this new MAC CE. Alternatively, another way is to keep using the current contention resolution identity MAC CE, but adding a note that the contention resolution identity MAC CE in the case of early SR only contains part of the UL CCCH SDU i.e. the legacy part. 
· Delay between RRCConnectionRequest and RRCConnectionSetup
In [4], T300 is defined for the timescale of RRCConnetionSetup reception, and the UE starts the T300 when initiating the transmission of RRCConnectionRequest. If the RRCConnetionSetup has not been received before the T300 expires, the UE considers the RRC connection setup failed and goes back to idle. In solution 7, as shown in Figure 2, the eNB can only transmit the RRCConnectionSetup in Uu after receiving the Initial UE Context Setup Request message from MME, which introduces additional delay between RRCConnetionRequest and RRCConnetionSetup. In order to avoid the RRC connection setup failure caused by the introduced delay, a longer T300 value should be used. Given that the current T300 can be set to a maximum value of 2s, whether or not such value is long enough depends on how long it takes for the S1 procedure: Initial UE message and Initial UE Context Setup Request and the potential NAS authentication/security procedure. Therefore, it may need to be discussed with RAN3 to confirm whether the impact of the increased delay exists or not. 
Observation 3: Group 3 solutions challenge the contention-based RA and RRC setup procedure.
2.2.4 Group 4 solutions
Group 4 includes solution 6 which proposes a connectionless approach for small data transmission while UE is kept in ECM-idle state. The eNB maintains the mapping between the connection ID/bearer resource ID and the TEID/SGW IP address for UL transmission. To send UL data a UE includes the connection ID/bearer resource ID in the UL packets; so that the eNB can derive the correct TEID and SGW IP address according to the connection ID/bearer resource ID, and then send the UL data to the right SGW. Meanwhile, in the UL GTP-U Packet the eNB includes in an extension header the DL TEID to be used for the connectionless DL transmission. For solution 6, how to implement the RAN side is FFS. Since Group 4 does not limit the RAN implementation, based on what types of RAN association is used for small data transmission, we discuss it in 3 options.
· Option 1: Connectionless DRB while with SRB setup
In this option, like the connection-less transmission in S1, the DRB association is established at the first time when the UE connects to the eNB and maintained even after the UE goes to idle mode. The UE identity e.g. S-TMSI is sent to the eNB in the RRC connection setup procedure, based on the UE identity, the eNB associates the maintained DRB information to this UE. Alternatively, RRC Connection Re-establishment procedure, during which Short MAC-I, C-RNTI, and source PCI are sent to the eNB, could be used to securely resume the DRB connection. By this method, the signalling overhead for DRB setup is avoided, whereas it may be a huge overhead for the eNB to maintain the DRB association for large amount of MTC UEs. The overhead could be avoided by e.g. a time mechanism to control the maximum time to keep the UE context.
· Option 2: No DRB association and using SRB for data transmission
We think Option 2 is the same as Group 1 solution from RAN side.
· Option 3: Using DRB for data transmission
This option reuses the legacy scheme e.g. DRB management and SRB setup, for small data transmission, and there is no RAN2 impact.
Observation 4：Group 4 solutions allow various RAN2 implementations and the impact is FFS.
2.2.5 Group 5 solutions
Group 5 includes solution 8 which proposes to keep UE in connected mode. During the work on the DDA WI and previous MTC studies in RAN2, there have been many contributions highlighting the advantages and disadvantages of keeping the UE in connected mode. In the SA2 TR [3] it is mentioned that the UE often will send small amounts of data (e.g. keep alive messages) with a diverse traffic pattern that may cause frequent UE state transitions. In order to minimise these state transitions keeping the UE in connected mode is proposed. For very long lived connections, keeping the UE in connected mode will reduce the overhead associated with performing the control signalling used to establish and release the RRC connection and radio bearers. However there are disadvantages to keeping the UE in connected mode these include:  
· Maintenance of UE timing advance

· This consumes PUCCH resources

· Handover measurement reports and radio link reconfigurations as necessary

· This may be alleviated by changes to measurement configuration related to UE traffic and/or QoS

· Periodic channel sounding (CSI)

· The impact of this could be reduced If more efficient methods for triggering CSI reports could be identified (i.e. with a smaller PDCCH overhead), for example by triggering more than one report at a time including allowing the UE to indicate the need for a CSI report via a MAC control element (e.g. if the radio channel has changed),

These can have effects on: 
· The UE power consumption

· Whether the control channel, e.g. PDCCH is sufficient to support a large number of UEs with small data transmissions
Observation 5: Group 5 solutions introduce additional resource and power consumption and should be alleviated.
2.3 Evaluation
In section 2.2, we analyze the main RAN2 issue for the proposed SA2 solutions. In order to give an overall picture of the RAN2 impact of each solution, the solutions are compared in several aspects: applicability, efficiency, signalling overhead, complexity as listed in Figure 3, Note that the comparison are only related to RAN2.
Table 3 Comparison of the proposed SA2 solutions
	Aspects 
	Group1
	Group2
	Group3
	Group4
	Group5

	RAN2 challenge
	Small data transmission via SRB instead of DRB
	No
	· Early NAS SR in RRCconectionrequest
	FFS, depending on RAN2 solution
	Resource and power consumption caused by e.g. CSI or measurement reporting

	Applicability
	Yes, but RAN2 enhancement is required
	Yes
	Yes, but RAN2 enhancement is required
	Yes
	Yes, but RAN2 enhancement is required to alleviate the resource and power consumption 

	Signalling overhead
	Add a small data indicator in RRCConnectionRequest or Paging
	The same as current scheme
	No
	FFS, depending on RAN2 solution
	Signaling for performing handover hand resource reconfiguration

	efficiency
	· Reduce at least 6 Uu transmissions.
· Low resource efficiency as lack of header compression
	The same as current scheme
	Reduce 4 Uu signalling
	FFS, depending on RAN2 solution
	FFS, depending on if we can reduce the overhead cause by keeping UE in connected mode

	Complexity
	May be high if we want to solve the issue of header compression 
	No
	Medium 
	FFS, depending on RAN2 solution
	Medium


Based on the above analysis, we propose
Proposal: RAN2 is kindly requested to take the above analysis into consideration for SA2 solution evaluation.
3. Conclusions
This contribution analyzes the RAN2 impact of the SA2 solutions for small data transmission and gives some comparison between these solutions from RAN2 point of view, and we have the following conclusions: 
Observation 1: Group 1 solutions may have some problems of lower RAN efficiency.
Observation 2: Group 2 solutions seem mainly involves RAN3 and has no RAN2 impact.
Observation 3: Group 3 solutions challenge the contention-based RA and RRC setup procedure.
Observation 4: Group 4 solutions allow various RAN2 implementations and the impact is FFS.
Observation 5: Group 5 solutions introduce additional resource and power consumption and should be alleviated.
Proposal: RAN2 is respectfully requested to take the above analysis into consideration for SA2 solution evaluation.
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