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1 Introduction
In the coming LS from SA2 [1], it is mentioned that SA2 has decided to drop further consideration on the following SDDTE solutions from Rel-12:
1) Solution 1a “Signalling reduction by RRC message combining”
2) Solution 1b “Lean Service Request Procedure”
3) Solution 2b “Downlink small data transfer using RRC message”
4) Solution 3a “Small Data Fast Path”
5) Solution 3b “Connectionless Data Transmission”
6) Solution 4a “Stateless Gateway for cost efficient transmission of infrequent or frequent small data”
This means, from RAN2 perspective, we need to continue the effort on solution 2a “RRC connection without U-plane radio bearer establishment” and solution 5a “Core Network assisted eNB parameters tuning for small data transfer”.
In the recent SA2 and RAN2 meetings, some concerns were raised on the potential impacts that solution 2a “RRC connection without U-plane radio bearer establishment” would imply. In this contribution, we will first analyze the potential impacts caused by solution 2a, and then make a quantitative analysis of the system performance gain of solution 2a.

2 Potential impacts of solution 2a “RRC connection without U-plane radio bearer establishment”
2.1 General description of solution 2a
As described in TR 37.869, solution 2a aims at optimizing the procedure for transferring a single IP data packet / 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. The message flow for the transfer of one IP packet pair (MO case) is illustrated in Figure 1.
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Figure 1: Message flow for solution 2a

2.2 Support of “small data indicator”
As indicated in Figure 1 of section 2.1, when UE decides to transfer a small data packet and initiates the RRC connection establishment procedure, a “small data indicator” needs to be delivered from UE to eNB, hence eNB could detect that the optimized procedure is in progress, subsequently eNB will not establish the AS security and DRB and will not configure UE for measurement reporting.
There are several alternatives for the UE to deliver the “small data indicator” to eNB during the RRC connection establishment procedure, as follow:
1) “Small data indicator” in RRC connection request message, by defining new code points for Establishment Cause, e.g. “smallDataTransfer” and “delayTolerantSmallDataTransfer”.
2)  “Small data indicator” in RRC connection request message, by defining a new “small data indicator” IE utilizing the spare bit.
3)  “Small data indicator” in RRC connection setup complete message, by defining a new “small data indicator” IE.
4)  “Small data indicator” in BSR. Before the transmission of the RRC connection setup complete message, UE initiates the enhanced BSR report to indicate that SRB1 should be de-prioritized because a small data packet is piggybacked.
Each of them has pros and cons, however all of them are technically feasible. The final choice amongst them could be left to the work item phase once solution 2a is approved as one SDDTE solution.
Observation 1: It is feasible to support the “small data indicator” in RRC connection establishment.
2.3 SRB1 or SRB2
For the MO case, the UL packet and possible acknowledgment DL packet are conveyed in RRC Connection Setup Complete and RRC Connection Release 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.
Since there will no subsequent RRC Connection Reconfiguration procedure after the RRC connection establishment, SRB2 will not be established, and both DL Information Transfer and UL Information Transfer messages will be carried on SRB1.
Observation 2: Small data packet will be carried on SRB1.
2.4
ASN.1 processing load
There were concerns that solution 2a will significantly increase the ASN.1 processing load, since small data packet will be piggybacked in control messages.

In our observation, solution 2a will not increase the ASN.1 processing load, on the contrary, it will decrease the ASN.1 processing load, because:

1) According the signaling overhead analysis in email discussion “[82#12][Joint/MTCe] Signalling gain evaluation for SDDTE”, for each communication session (i.e. one IP packet pair), the legacy LTE procedure will consume 8 RRC messages, while the solution 2a will only consume 4 RRC messages. The overall ASN.1 processing load will be reduced by ~50%.
2) The small data packet is piggybacked in existing RRC messages. The ASN.1 processing load for RRC message handling is there, whenever small data is piggybacked or not.
3) The small data packet is embedded in the NAS PDU in RRC messages. From RRC point of view NAS container is a bit string, which will not increase the ASN.1 encoding/decoding load.
Observation 3: Solution 2a will not increase the ASN.1 processing load.
2.5
Control plane congestion
There were concerns that solution 2a might cause control plane congestion, since small data packet will be piggybacked in control plane messages. This is not true, because solution 2a reuses the existing signaling procedures in both AS layer and NAS layer without adding new signaling messages. With solution 2a, the signaling load even would be decreased since less signaling messages will be consumed comparing to the legacy procedure, especially for the case a single small data packet (and possibly its response) is transferred.
On the other hand, in case of eNB congestion, based on the reception of the “small data indicator” (as discussed in section 2.2), eNB could choose to reject the connection established for small data transmission, thus for solution 2a there is no danger of causing unmanageable control plane congestion.

Observation 4: Solution 2a will not cause control plane congestion.
2.6
RAN complexity and efficiency
Concerns were raised that solution 2a mixes user plane data and control plane signaling in the same message, which will lead to more complexity in the network side. Actually, the mixture of user plane data and control signaling is already required by SMS. No additional complexity is expected in the network side, especially considering that the data packet is small.

There are also concerns that eNB might use high priority and reliable control plane resources to serve delay tolerant and non-critical user plane data which is not efficient. This issue could be easily handled based on the reception of the “small data indicator” (as discussed in section 2.2), where eNB could distinguish the control signaling piggybacking small data from the “pure” control signaling then properly de-prioritize the corresponding SRB1, so as to avoid affecting the performance of other UEs.
Regarding the concerns on the unavailability of ROHC, it is not considered as an issue. No IP header compression gain could be achieved even if ROHC is enabled, because with solution 2a UE will go back to idle state after one IP packet transmission, and the header compression context has to be reinitialized for the next IP packet transmission. On the other hand, the small data packet need not always be an IP packet, e.g. for the T5 based solution the support of IP is not considered in Rel-12.
Regarding the concerns on the unavailability of UE capabilities in eNB, it is not considered as a significant issue. MTC devices are generally low end devices and would not implement advanced features (e.g. MIMO and UL 64QAM) that need the download of the UE capabilities from MME to eNB. On the other hand, for small data packet no much gain could be achieved even if advanced features are applied.

Observation 5: Solution 2a has no negative impact on RAN complexity and efficiency.
3 Performance gain of solution 2a “RRC connection without U-plane radio bearer establishment”
In this section, we will evaluate the performance gain of solution 2a, i.e. how many more UEs could the system support when solution 2a is applied. The baseline is the legacy LTE procedure.
In the evaluation, the message sequence and byte estimate as discussed in email discussion “[82#12][Joint/MTCe] Signalling gain evaluation for SDDTE” are used, as listed in Annex A.1. 

In the simulation, we will use the same simulation assumptions as that used in [2], which are listed in Annex A.2. We will first calculate the capacity for PDCCH, PDSCH, PUSCH and PRACH (the detailed channel capacity calculation method is illustrated in Annex A.3), and then based on the message sequence and byte estimate for solution 2a, we could know which channel is the bottleneck to support more UEs. Naturally, at the same time we know how many UEs the system could support when solution 2a is applied.
Figure 2&3 show the offered load in PDCCH, PDSCH, PUSCH and PRACH with different UE numbers when packet inter-arrival time is 30s. For each channel, the maximum capacity is also shown in the same Figure, which is convenient for checking how many UEs the channel could support.
In Figure 2, we can see that when the packet size is 100 bytes, with the UE number increases, PDSCH becomes the bottleneck of the system for both the legacy procedure and the solution 2a. In Figure 3, we can see that if the packet size is larger (1Kbytes), more PDSCH resources are consumed so that the PDSCH bottleneck is more serious. We can also see that solution 2a performs better than the legacy procedure, because solution 2a operates with less L2 and L3 signalling overhead. 
Based on the same logic as the analysis for “packet inter-arrival time=30s”, we can also get the number of UEs that the system could support for other packet inter-arrival time.
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Figure 2: Supported UE number under different channels (packet size=100bytes, packet inter-arrival time = 30s)
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Figure 3: Supported UE number under different channels (packet size=1Kbytes, packet inter-arrival time = 30s)

In Figure 4, we show the UE number that is supported by the system for the legacy procedure and solution 2a. For small packet size (100 bytes), solution 2a provides obvious gain and it supports 50.88% more UEs than the legacy procedure. For larger packet size (1K bytes), the gain decreased, nevertheless solution 2a still supports 7.85% more UEs than the legacy procedure.

Observation 6: Solution 2a could provide significant gain in terms of UE number supported by the system.
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Figure 4: Supported UE number with different packet size and packet inter-arrival time

4 Conclusion

In this contribution, in order to answer the questions and concerns raised by companies in the recent SA2 and RAN2 meetings, we first analyzed the potential impacts caused by solution 2a “RRC connection without U-plane radio bearer establishment”, and we had the following observations:

Observation 1: It is feasible to support the “small data indicator” in RRC connection establishment.
Observation 2: Small data packet will be carried on SRB1.
Observation 3: Solution 2a will not increase the ASN.1 processing load.
Observation 4: Solution 2a will not cause control plane congestion.
Observation 5: Solution 2a has no negative impact on RAN complexity and efficiency.
Then, we made a quantitative analysis of the system performance gain of solution 2a “RRC connection without U-plane radio bearer establishment”. It was observed that for small packet size (100 bytes), solution 2a provides obvious gain and it supports 50.88% more UEs than the legacy procedure. For larger packet size (1K bytes), the gain decreased, nevertheless solution 2a still supports 7.85% more UEs than the legacy procedure.

Observation 6: Solution 2a could provide significant gain in terms of UE number supported by the system.

In summary, for infrequent small data transmissions, solution 2a is a promising solution, which could provide significant gain with minor system impacts. RAN2 is kindly asked to discuss and agree on the following proposals:

Proposal 1: Adopt solution 2a “RRC connection without U-plane radio bearer establishment” as one SDDTE solution.
Proposal 2: Capture the analysis in this contribution into TR 37.869.
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6 Annex A
A.1 Message sequence for the legacy procedure and solution 2a

It is assumed that all messages are received without errors (i.e. no retransmissions).
Table 1: Message sequence and byte estimate for baseline (legacy LTE procedure)
	Direction
	 Messages
	Bytes (DL)
	Bytes (UL)

	UL
	Preamble
	 
	X

	DL
	Random Access Response
	7
	 

	UL
	RRC Connection Request
	 
	7

	DL
	RRC Connection Setup
	38
	 

	UL
	RRC Connection Setup Complete (NAS Service Request) + BSR
	 
	22

	DL
	Security Mode Command + RLC Status Report
	14
	 

	UL
	Security Mode Complete + BSR
	 
	12

	DL
	RRC Connection Reconfiguration (SRB2 & DRB configuration) + RLC Status Report
	61
	 

	UL
	RRC Connection Reconfiguration Complete + BSR
	 
	12

	UL
	Data Packet  + RLC Status Report
	 
	3 + Data

	DL
	Data Packet  + RLC Status Report
	3 + Data 
	 

	DL
	RRC Connection Release + RLC Status Report
	13
	 

	UL
	RLC Status Report
	 
	3

	
	Total signaling (Bytes)
	136
	59 


Table 2: Message sequence and byte estimate for solution 2a

	Direction
	 Messages
	Bytes (DL)
	Bytes (UL)

	UL
	Preamble
	 
	X

	DL
	Random Access Response
	7
	 

	UL
	RRC Connection Request (Small Data ID)
	 
	7

	DL
	RRC Connection Setup
	38
	 

	UL
	RRC Connection Setup Complete (KSI, EPS Bearer ID, Data Packet)
	 
	19 + Data

	DL
	RRC Connection Release (Data Packet) + RLC Status Report
	13 + Data 
	 

	UL
	RLC Status Report
	 
	3

	
	Total signaling (Bytes)
	58
	29


A.2
Simulation assumptions
Table 3：Simulation assumptions
	Parameters
	Value

	Packet size (UL and DL)
	100 bytes, 1K bytes

	Packet inter-arrival time
	30s, 1min, 10min, 30min

	Cell bandwidth
	10MHz (50PRBs)

	PDCCH region length
	3 OFDM symbols

	Average CCEs per PDCCH
	4

	DL control overhead
	30%

	UL control overhead
	30%

	MCS for PDSCH
	QPSK, Code rate = 0.1

	MCS for PUSCH
	QPSK, Code rate = 0.1

	PRACH Configuration Index
	3

	Mobility
	No handover


Note that conservative values for parameter “Average CCEs per PDCCH” and “MCS for PDSCH/PUSCH” are assumed in the simulation, considering that many MTC devices such as smart meters will be in poor radio conditions (e.g. basements), as indicated in SI “Study on provision of low-cost MTC UEs based on LTE”.
A.3 Channel capacity calculation

The PDCCH capacity is calculated as follow:
PDCCH capacity = total_PDCCH_CCEs_number/average_CCEs_per_PDCCH, with unit of #/ms.

The PDSCH capacity is calculated as follow: 

PDSCH capacity = cell_bandwidth (RBs#)*12*14*2(for QPSK)*code_rate*(1-dl_control_overhead), with unit of bits/ms.

The PUSCH capacity is calculated as follow:

PUSCH capacity = cell_bandwidth (RBs#)*12*14*2(for QPSK)*code_rate*(1-ul_control_overhead), with unit of bits/ms.

For the maximal capacity of PRACH, which is seen as a multi-channel ALOHA system [3], is calculated as follow:

PRACH capacity = (1/e)*64(Preambles#)/average_PRACH_interval_ms, with unit of #/ms.
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