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1
Introduction
In RAN#59 meeting, a new study item on RAN aspects of Machine Type and other mobile data applications Communications enhancements [1] was approved. As per the request from SA2 [2], the study item will investigate and evaluate the RAN-impacting solutions that have been proposed by SA2 for the SDDTE and UEPCOP Building Blocks.
In this paper, we first propose several metrics for the evaluation of SDDTE, and then give an initial evaluation on SA2 identified solutions based on the proposed metrics and the assumptions in [3]. 
2
Discussion
2.1
Metrics
In the coming LS from SA2 [2], it is mentioned that “SA2 would appreciate any feedback of at least the above listed solutions by RAN/GERAN on the type and amount of impacts, applicability and any other aspects that they think would be beneficial to consider as part of the architecture and development analysis work.”
From RAN2 perspective, at least the following metrics are considered beneficial and necessary for the evaluation of possible solutions for SDDTE:

1) Applicability. With this metric, we could see whether a certain solution could be applied for a wider range of mobile data applications comparing to others. For example, whether it could be applied for different packet inter-arrival times, whether it could be applied for different UE velocities, whether it could be applied for both the MO (mobile originated) case and the MT (mobile terminated) case, and whether it could be applied for both idle mode and connected mode, etc.
2) Signalling overhead. With this metric, we could see the amount of RRC signalling that would be consumed per UE per session when a certain solution is applied. Here, one session means one application level communication between UE and server (i.e. one data package initiated by server or UE, along with its response).

3) System performance. With this metric, we could see how many more UEs the system could support when a certain solution is applied.  This metric could be evaluated by system simulations. For the sake of simplicity, another option is to get the rough system capacity by calculations based on several assumptions, e.g. for LTE, assuming that each small data package, RRC signalling, and RLC status PDU will consume one PRB.
4) Specification impact. With this metric, we could see how much impacts to the current specification will be brought by a certain solution. For example, how many component RAN2 procedures (e.g. RRC connection management procedure, security procedure, mobility procedure, scheduling procedure, etc) will be impacted.
5) Implementation complexity. With this metric, we could see how much implementation complexity (for both UE side and network side) will be brought by a certain solution.

6) Impact on UE power consumption. With this metric, we could see whether a certain solution has negative impact on UE power consumption.
7) Mobility robustness. With this metric, we could see whether a certain solution has negative impact on mobility robustness. For short-lived RRC connection, it is debatable whether this metric is still valuable. For the TCP transport scenario, even when short-lived RRC connection solutions are applied, it still might take several seconds to complete one communication session between UE and server, since one session requires multiple round trips between peer entities. For high velocity UEs, the mobility robustness issue still needs to be carefully considered.
8) Spectrum efficiency. With this metric, we could see whether a certain solution has negative impact on spectrum efficiency. A possible case is that if a certain solution will perform the data transmission/reception without the knowledge of UE radio capability, e.g. capability of whether UE supports advanced/multi antenna features, then it might bring a reduction in spectrum efficiency. 
Proposal 1: Agree on the following metrics for the evaluation of SDDTE:
1) Applicability
2) Signalling overhead (per UE)
3) System performance

4) Specification impact
5) Implementation complexity
6) Impact on UE power consumption
7) Mobility robustness
8) Spectrum efficiency

2.2
Initial evaluations
Based on the SA2 LS in [2], there are totally 8 potential solutions to be evaluated by RAN2.
2.2.1
Solutions: Ch. 5.1.1.3.1, “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” and Ch. 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”
From RAN2 perspective, solution Ch. 5.1.1.3.1 and solution Ch. 5.1.1.3.2 are almost the same, i.e. no establishment of U-plane bearers. Here, they are grouped together and the analysis below applies for both of them.
For the applicability, these two solutions could be applied for both MO case and MT case. They are focusing on optimizations starting from idle mode, which means they are mainly designed for idle mode and infrequent data transmissions. They will piggyback small data package within NAS signalling. RRC has not placed any significant size constraint on the NAS PDU payload, so they could be applied for all the typical small data package size, except for solution Ch. 5.1.1.3.2 where for the SMS case there will be a size limitation on the SMS payload (i.e. up to 160 bytes). They will use the pre-established NAS security context to transfer the small data packet without establishing RRC security, hence handover cannot be performed. When the RRC connection lasts for a relative long time (e.g. several seconds), the mobility robustness might be negatively impacted, hence it is desirable to apply them only for low/middle UE velocity. 
For the signalling overhead and system performance, these two solutions have less signalling overhead compared with the legacy scheme and correspondingly have a higher system capacity. The exact number of RRC signalling that would be consumed per session and the roughly estimated system capacity gains are indicated in the Table 1 in section 2.3.
For the specification impact, it is obviously that the RRC connection management procedure and the security procedure will be impacted for these two solutions. The paging procedure will also be impacted, as a “small data indicator” would be added into the paging message. Further, the scheduling procedure might also be impacted, because the eNB cannot distinguish the NAS signalling piggybacking small data package from the pure NAS signalling, and consequently the eNB might prioritize the delay tolerant small data packets over other delay sensitive DRB data packets, e.g. VoIP, gaming. The impact is not negligible especially when the system load is high and the packet size is relatively large. 
These two solutions might negatively impact the spectrum efficiency, since UE radio capabilities will not be downloaded from the MME to the eNB during the whole procedure.

The analysis above are for E-UTRAN. For UTRAN, it only has AS security and currently it is not able to encrypt the NAS PDU in NAS layer. If SA2 and SA3 could solve the NAS security issue, solution Ch. 5.1.1.3.1 and solution Ch. 5.1.1.3.2 will also be applicable for UTRAN, with similar RAN2 impacts as that for E-UTRAN.
2.2.2
Solution: Ch. 5.1.1.3.5, “Downlink small data transfer using RRC message”
This solution is quite similar to solution Ch. 5.1.1.3.1 and solution Ch. 5.1.1.3.2 analyzed in section 2.2.1, the main difference between them is:
1) For the applicability, this solution will only target for MT case;
2) For the implementation complexity, with this solution, the eNB needs to buffer the DL packet received from S1-AP paging message for certain time duration and couples it with the S-TMSI, even if the DL packet might not be intended for UEs under this eNB;
3) With this solution, the small data package piggybacked in RRC Connection Setup message has to be of TM mode, this will not only impact the delivery reliability, but also impact the scheduling flexibility since TM mode data cannot be segmented and concatenated.

2.2.3
Solutions: Ch. 5.1.1.3.6.2, “Small Data Fast Path” and Ch. 5.1.1.3.6.3, “Connectionless Data Transmission”
From RAN2 perspective, solution Ch. 5.1.1.3.6.2 and solution Ch. 5.1.1.3.6.3 are almost the same. Here, they are grouped together and the analysis below applies for both of them.
For the applicability, these two solutions are quite similar to that of solution Ch. 5.1.1.3.1 and solution Ch. 5.1.1.3.2 analyzed in section 2.2.1, except that these two solutions could also be applied to frequent data transmissions.
For the mobility robustness and spectrum efficiency, these two solutions are also quite similar to that of solution Ch. 5.1.1.3.1 and solution Ch. 5.1.1.3.2.
With these two solutions, from RAN2 perspective, UE will perform data transmission and reception without requiring the transition from idle mode to connected mode. Although the RRC signalling overhead could be minimized, it will significantly impact the current U-plane/C-plane architecture and the current RRC procedures. Depending on the detailed solutions, several component procedures in the current specifications might be impacted, e.g. RRC connection management procedure, security procedure, random access procedure, MAC PDU formats, etc. The additional implementation complexity brought by these two solutions to both eNB side and UE side might also be considerable, e.g. UE context maintenance in eNB.
2.2.4
Solution: Ch. 5.1.2.3.1, “Keep the UE in connected mode”
This solution could already be supported as a network implementation, i.e. there is no specification impact at all.
For applicability, this solution is more efficient for frequent data transmissions and low/middle UE velocity. High UE velocity will bring more HO signalling.

In order to avoid the negative impact on mobility robustness, typically network will not configure a long DRX cycle to the UE, however the side effect is that UE might consume more power.
2.2.5
Solution: Ch. 5.1.1.3.7, “Service Request signalling reduction by RRC message combining”
This solution has a good applicability and it could be applied for all the scenarios (same as legacy scheme).
For the specification impact, RRC connection management procedure and security procedure will be significantly impacted, since this solution will combine the information exchanged between UE and eNB/MME in fewer RRC messages. In addition, with this solution Service Request will be piggybacked in RRC Connection Request which will increase the size of Msg3, this will also impact the random access procedure. For UTRAN, the CCCH size restriction issue needs to be taken into account.
2.2.6
Solution: Ch. 5.1.1.3.4, “Stateless Gateway for cost efficient transmission of infrequent or frequent small data”
This solution seems has no impact on the RAN2 specification and it will only impact RAN3. It is up to RAN3 to evaluate the amount of impacts, complexity and any other aspect that RAN3 think would be beneficial to consider.
2.3
Summary
In this section, we will summarize the evaluation on the SA2 identified solutions in the above sections, as shown in Table 1. 
Table 1: Summary of the initial evaluations
	
	Transfer small data packet as NAS signalling (5.1.1.3.1& 5.1.1.3.2)
	Downlink small data transfer using RRC message(5.1.1.3.5)
	Small Data Fast Path &Connectionless Data Transmission
(5.1.1.3.6.2&5.1.1.3.6.3)
	Service Request signalling reduction by RRC message combining(5.1.1.3.7)
	Keep the UE in connected mode
(5.1.2.3.1)

	Applicability
	Both MO and MT;
idle mode only;

infrequent data only;

low/middle velocity;
	MT only;

idle mode only;

infrequent data only;

low/middle velocity;
	Both MO and MT;

idle mode only;

both infrequent data and frequent data;

low/middle velocity;
	All scenarios (same as legacy scheme)
	Both MO and MT;

connected mode only;

frequent data only;

low/middle velocity;

	Signalling overhead
	MO: 4; 
MT: 7;
Note1
	MT: 5;
Note1
	MO: 0; 
MT: 1;
Note1
	MO: 4; 
MT: 5;
Note1
	N/A

	System performance
	~128% (7 PRBs will be consumed per UE per session)
Note2
	~112% (8 PRBs will be consumed per UE per session)

Note2
	~128% (7 PRBs will be consumed per UE per session, might be different for different solutions) Note2
	~45% (11 PRBs will be consumed per UE per session)

Note2
	N/A

	Specification impact (impacted procedures)
	RRC connection management, security, paging, scheduling
	RRC connection management, security, paging, scheduling
	Significant (depending on detailed solutions)
	RRC connection management (significant), security, scheduling
	No impact

	Implementation complexity
	Nothing special
	eNB needs to buffer the received DL packet and couples it with S-TMSI
	Significant (depending on detailed solutions)
	Handling of different Msg3 size by eNB
	eNB needs to maintain a large number of UE context

	Impacts on UE power consumption
	No impact
	No impact
	No impact
	No impact
	Might impact

	Mobility robustness
	Might impact
	Might impact
	Might impact
	No impact
	No impact

	Spectrum efficiency
	Might impact
	Might impact
	Might impact
	No impact
	No impact


Note1: for the MT case, one paging message is considered. 
Note2: for LTE, it is assumed that each small data package, RRC signalling, and RLC status PDU will consume one PRB, and it is also assumed that there is no isolated BSR. For the existing scheme, it is observed that 16 PRBs will be consumed per UE per session. In reality, considering that one small data package might consume >1 PRBs, and more control channel resources will be consumed if more UEs are connected, the solutions above will get less system performance gain.
It is proposed to use the initial evaluations in Table 1 as the baseline for further RAN2 discussion. Table 1 could be enclosed in the response LS to SA2 after the possible further update in the following RAN2 meetings.

Proposal 2: Discuss the initial evaluations summarized in Table 1 and use it as the baseline for further discussion.
3
Conclusion
In this paper, we first proposed several metrics for the evaluation of SDDTE. Then, after the analysis on the possible solutions based on the proposed metrics and the assumptions in [3], we summarized the initial evaluations in Table 1. RAN2 is kindly asked to discuss and agree on the following proposals:
Proposal 1: Agree on the following metrics for the evaluation of SDDTE:
1) Applicability
2) Signalling overhead (per UE)
3) System performance

4) Specification impact
5) Implementation complexity
6) Impact on UE power consumption
7) Mobility robustness
8) Spectrum efficiency

Proposal 2: Discuss the initial evaluations summarized in Table 1 and use it as the baseline for further discussion.
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