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1 Introduction
In the last RAN1 and RAN2 meetings, low cost MTC capability report during RRC connection establishment was extensively discussed. However, there was still no consensus. In this contribution, we will further discuss this issue from RAN2 perspective and provide a way forward.
2 Discussion
2.1 Messages larger than 1000bits
In the current procedure, if UE radio capability is stored in the MME, the first opportunity that eNB could get the UE radio capability is in the Initial Context Setup Request message, otherwise, the eNB will ask the UE to report its radio capability via UECapabilityEnquiry message. Low cost MTC UEs target low data rates, and the supported maximum TBS for unicast transmission is limited to 1000 bits. Before having the knowledge of the UE type, a special handling in the eNB may be required, so that the UL/DL scheduling will not exceed the capability of low cost MTC UEs.
Most of the RRC messages during the RRC connection establishment (e.g. Msg3, Msg4) are smaller than 1000bits, and there is no any issue even though the eNB doesn’t know the low cost MTC capability before scheduling them. The exceptions are Msg5 (i.e. RRCConnectionSetupComplete message) and UECapabilityInformation message. Msg5 may contain the initial NAS message (the maximum size of which is summarized in Table 1 according to [1]) therefore the size may be larger than 1000bits. UECapabilityInformation message contains all the UE capability information and the size could reach 200kbytes in theory. 
Table 1: Size of UL NAS messages 

	Message
	Size (bytes)

	Attach request
	122+n (n>=10)

	Service request
	4

	Extended service request
	15

	Detach request
	15

	Tracking area update request
	135+n (n>=5)


Observation 1: RRCConnectionSetupComplete and UECapabilityInformation may be larger than 1000bits.
2.2 Alternative solutions
In order to report the low cost MTC capability to the eNB during the RRC connection establishment, so far the following alternative solutions have been presented and are still on the table:

Alt. 1: Capability report in Msg1
With this solution, special PRACH preambles will be assigned to low cost MTC UEs, hence the eNB can unambiguously distinguish low cost MTC UEs and normal UEs upon the reception of Msg1. The eNB could then adjust the RAR transmission power levels and/or amount of user multiplexing appropriately to achieve the target cell edge BLER. However, as indicated in the RAN1 LS [2], there is no consensus that the benefit of this knowledge outweighs the risk of increased PRACH collision probability.
To assign special PRACH preambles to low cost MTC UEs, a new parameter e.g. numberOfRA-Preambles-MTC could be defined to indicate the number of non-dedicated preambles used for low cost MTC UEs. Figure 1 shows the preamble space seen by legacy UEs and low cost MTC UEs. From legacy UE perspective, “64 - numberOfRA-Preambles” is the dedicated preamble space, which is larger than the dedicated preamble space from low cost UE perspective. However, this will not cause backward compatibility problem since assigning of dedicated preambles is totally under the control of eNB.
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Figure 1: Preamble partitioning for low cost MTC UEs
Alt. 2: Capability report in Msg3
With this solution, the eNB can unambiguously distinguish low cost MTC UEs and normal UEs upon the reception of Msg3. Meanwhile, when providing RAR to random access attempts eNB has to assume all the UEs are equipped with only single receive antenna.
A low cost MTC indication could be added into the RRCConnectionRequest message, however RRCConnectionRequest message is severely size limited and there is only one spare bit left. It is debatable whether it is worth to use such a precious bit to indicate the low cost MTC capability. Alternatively, the low cost MTC indication could be represented by a new LCID value in the MAC header, as shown in Table 2.

Table 2: Values of LCID for UL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-1011111000
	Reserved

	11000
	CCCH for category 0 UEs

	11001
	Extended Power Headroom Report

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding


Alt. 3: Implicit capability report by BSR limitation
With this solution, a low cost MTC UE will restrict its BSR to less than 1000 bit until having provided the UE capabilities to the eNB or having received the first RRCConnectionReconfiguration, so that the NW can restrict all UL grants accordingly.
However, it is debatable whether such a solution could always solve the problem. If there are sufficient UL radio resources, eNB may give a grant larger than what the UE requests in the BSR to compensate the asynchronization of UL data arrival and BSR report. Further, upon the reception of a SR, eNB may assign a UL grant larger than 1000bits to accommodate both BSR and UL data. This will very likely happen for UE capability report, because 1) UE capability report is triggered by the eNB (i.e. via UECapabilityEnquiry message) and the eNB knows the purpose of the SR transmission; 2) UECapabilityInformation message usually has a big size, which demands a large UL grant. 
Alt. 4: Capability report in Msg5
With this solution, low cost MTC UEs will provide their capability in Msg5 (i.e. RRCConnectionSetupComplete message). Until the reception of Msg5, eNB will treat all the UEs as low cost MTC UEs and limit the UL grants. This should be acceptable for normal UEs, as Msg5 will not be much larger than 1000bits and UL transmission of Msg5 could be completed in few TTIs.
Alt. 5: No capability report during RRC connection establishment
With this solution, until the eNB downloads the UE radio capability from MME or it receives the UE radio capability report from the UE, eNB will treat all the UEs as low cost MTC UEs and limit the UL grants. This is not efficient from radio perspective. For example, for a normal UE whose radio capability is 5000bytes, it will take about 40 TTIs to complete the UL transmission of the UECapabilityInformation message.
2.3 Way forward

Alt. 3 should be excluded, since this solution can’t solve the problem.

Alt. 5 should be excluded as well, since it is not efficient from radio perspective and it will increase the latency of UL signaling transmission for normal UEs.

All of Alt. 1, Alt. 2 and Alt. 4 have pros and cons, as summarized in Table 3, which should be carefully evaluated by RAN2 before the final decision is made.
Table 3: Comparison of Alt. 1, Alt. 2 and Alt. 4
	Alternative 
	Pros
	Cons

	Alt. 1: Capability report in Msg1
	eNB could optimize the RAR transmission for low cost MTC UEs, and increase the radio resource efficiency. 
	Impact on RACH configuration in RRC specification.

	Alt. 2: Capability report in Msg3
	eNB could optimize the scheduling of the RRC messages for low cost MTC UEs, and increase the radio resource efficiency.
	Impact on the LCID definition in MAC specification.

	Alt. 4: Capability report in Msg5
	Smaller specification impact.
	Slight impact on system efficiency;
Slightly increase the latency of UL signaling transmission for normal UEs.


Proposal 1: Choose one solution from the following 3 alternatives:
Alt. 1: Capability report in Msg1;
Alt. 2: Capability report in Msg3;
Alt. 4: Capability report in Msg5.
3 Conclusion

In this contribution, we further discussed the low cost MTC capability report during RRC connection establishment. 
We had the following observation:

Observation 1: RRCConnectionSetupComplete and UECapabilityInformation may be larger than 1000bits.

RAN2 is kindly asked to discuss and agree on the following proposal:
Proposal 1: Choose one solution from the following 3 alternatives:
Alt. 1: Capability report in Msg1;
Alt. 2: Capability report in Msg3;
Alt. 4: Capability report in Msg5.
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