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Discussion and decision
1 Introduction

In RAN2#85bis, the issue of when and how low cost MTC UE’s capability should be indicated by the UE and the following working assumption has been agreed [1]:
	Working Assumption

1
The UE does not indicate its low complexity capability in Msg1, Msg3 or Msg5. It is only part of the normal UE capabilities. 

2
If the 1000 bit restriction applies also to UL: A low complexity UE supporting only 1000 bit UL TBS shall 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. 



In RAN1’s reply LS [2], the explicit restriction on the resource allocation size has been removed for low cost MTC UE. However, RAN1 is yet to make a final conclusion on whether the eNodeB needs to know if a Cat 0 UE is only equipped with 1 Rx antenna e.g. during paging and/or RAR. Depending on RAN1’s conclusion, capability indication other than the normal UE capabilities might need to be revisited. RAN1 also confirmed that that there is a 1000-bit limitation on PUSCH. In this contribution, we present our findings on the impact of uplink TBS limitation of low cost MTC UE and discuss if low cost MTC capability needs to be signalled before the normal UE capabilities signalling due to this UL TBS restriction.
2 Impact of uplink TBS limitation of low cost MTC UE  

In order to determine if additional low cost capability needs to be signalled by the UE before the normal UE capability, the sizes of the NAS messages during connection establishment need to be considered. For connection establishment, there are two cases:
a) In initial contact with the system (ATTACH), there will be several higher layer messages exchanged with the UE before the eNB is aware of the UE capabilities (Identity request/authentication/..). Whether additional low cost MTC capability signalling is needed depends on whether in typical cases there would be messages of size larger than 1000 bits.

b) In subsequent connection establishments, soon after the connection establishment, the eNB is informed about the UE capabilities by the MME. The issue here would be the size of the first UL NAS message.
The Initial Attach message sequence is given below:
1. Uplink: Attach Request (with embedded PDN connectivity request message)

2. Downlink: Authentication Request

3. Uplink: Authentication Response

4. Downlink: Security Mode Command

5. Uplink: Security Mode Complete

6. Downlink: Attach Response (with embedded Activate Default EPS Bearer Context Request Message)

7. Uplink: Attach Complete (with embedded Activate Default EPS Bearer Context Accept Message)

Note: that if the UE wishes to provide an Access Point Name (APN) in the attach message or provide the Protocol Configuration Options (PCO) (for example: to provide username/password for Password Authentication Protocol (PAP)/Challenge-Handshake Authentication Protocol (CHAP)), then the sequence above also includes a downlink “ESM Information Request” and an uplink “ESM Information Response”.

Since Msg 5 contains the connection setup complete message as well as the initial UL NAS message, we first consider whether additional low cost capability signalling needs to be indicated before Msg 5, which largely depends on the size of the initial UL NAS message, as the RRC connection setup complete message is quite small. The first uplink message in the Initial Attach message sequence consists of the EMM Attach Request message including the embedded ESM PDN connectivity request message. In the attach request, there are a number of mandatory parameters as well as optional parameters, for example: If the UE supports SRVCC, then the UE includes the SupportedCodecs IE and MobileClassMark2 IE (and if it supports SRVCC to GERAN, it includes the MobileClassMark3 IE). In the initial message (as part of the PDN connectivity request), the UE can include the PCO (for sending protocol configuration options that do not require ciphering). Note that when the UE is required to send the APN or a PCO with protocol configuration options that do require ciphering (e.g. username/password for PAP/CHAP), then the UE would send this in an additional message after authentication has occurred.

There is a large variation in the size of the message depending on which IEs are included and the size of the IEs (~15 to ~420 octets). It is estimated that a normal attach would be around 30 octets. It is around 50 octets if APN is provided; and around 100 octets if PCO is provided. Nevertheless, for a normal attach, a limit of 1000 bits (125 octets) seems to be sufficient, hence there seems no need for an indication of low cost MTC capability before Msg5. Furthermore, a network supporting low cost MTC should not allocate a size > 1000 bits for Msg 4 and Msg 5 regardless of the amount data available (DL) or BSR received from the UE (UL) to any UE (including UEs of other categories).
Observation: For normal attach, the typical size of the initial UL NAS message is around 30 octets. 
Proposal 1: There seems no need for an indication of low cost MTC capability before Msg5. A network supporting low cost MTC should not allocate a size > 1000 bits for Msg 4 and Msg 5 regardless of the amount of data available (DL) or BSR received from the UE (UL) to any UE (including UEs of other categories). 


The question remains on whether indication is needed in Msg 5 to handle the potentially large size of the subsequent NAS messages, which can also grow in the future with introduction of new features. Since the cost of indicating a 1 bit in Msg5 is small, it is our view that it may be safer to provide the 1-bit indicator in Msg 5 to avoid any potential issue with the present networks and to allow for easier extension in the future. Otherwise, an eNodeB supporting low cost MTC will have to assume the worst capability of 1000 bits for all UEs, which would delay normal UE access in case any NAS message of present network can exceed the 1000 bits limit, and could also complicate specification effort to introduce new feature that may require a large NAS message in the future.
Proposal 2: Since the cost of indicating one bit in Msg5 is small, it may be safer to provide 1-bit indicator in Msg5 to avoid any potential issues in the present networks and to allow for easier extension in the future.
3 Conclusions

In this contribution, we presented our findings on the impact of uplink TBS limitation of low cost MTC UE and discussed if low cost MTC capability needs to be signalled before the normal UE capabilities signalling. Our observation and proposals are summarized below.
Observation: For normal attach, the typical size of the initial UL NAS message is around 30 octets.
Proposal 1: There seems no need for an indication of low cost MTC capability before Msg5. A network supporting low cost MTC should not allocate a size > 1000 bits for Msg 4 and Msg 5 regardless of the amount of data available (DL) or BSR received from the UE (UL) to any UE (including UEs of other categories).

Proposal 2: Since the cost of indicating one bit in Msg5 is small, it may be safer to provide 1-bit indicator in Msg5 to avoid any potential issues in the present networks and to allow for easier extension in the future.
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