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1 Introduction

RAN 1 sent a LS [1] to RAN 2, RAN 3 and SA2 on the eNB knowledge of low complexity UE for RAR and Paging. RAN 1 recommends the extending of the S1 signalling to indicate low complexity UE for Paging but conclude that there is no need for indicating low complexity UE in Msg1/preamble transmission for RAR as the overhead is somehow acceptable.

Also SA2 has responded with possible solutions in their LS [2] on the eNB knowledge of low complexity UE for Paging but listed a few questions (A, C and D below) which require RAN 2 to answer as follow:
A.
The RAN related paging information needs to be small in size

B.
The NAS solution would require RAN/AS related information to be passed in EMM messages, require CT1 specifications to be updated each time additional information in the UE Radio Paging information is to be added, and was therefore not preferred by some UE vendors

C.
Whether option 1 or 2 (of the solutions using S1AP procedures) is most suitable may depend on what the RAN related paging information includes, e.g. if it is only the UE Category then option 1 may be preferred whereas if it includes additional information collected while the UE is in RRC connected mode, then option 2 may be preferred..

D.
Some companies asked whether it was decided that the functionality is indeed required?
In this contribution, we put our view on question D for both RAR and paging and also answer the questions A and C from SA2. 
2 Discussion
2.1 eNB knowledge of low complexity UE prior to RAR
From the LS [1], there seems to be concern that the further partitioning of the preamble space may increased PRACH collision probability while no analysis on the consequence is made if eNB has no knowledge of the low complexity UE when sending the RAR. 

RAR may be sent when the eNB receives the preamble from the UE. Because of single receive antenna, a cell edge low complexity may not receive the RAR and will perform preamble retransmission at a higher power and this will continue until maximum UL power. 
It was shown in [3] that the RAR PRB overhead is 15 PRBs to transmit 1 RAR for a 2-receive antenna UE in EPA channel model. The full table is replicated below:
	Channel
	Number of Rx antennas
	Estimated maximum number of RAR messages

	
	
	6 PRBs
	15 PRBs
	25 PRBs
	50 PRBs

	EPA 1 Hz
	1
	-
	-
	1
	3

	
	2
	-
	1
	3
	12

	ETU 1 Hz
	1
	-
	1
	4
	10

	
	2
	1
	4
	10
	>16


If the eNB assumes all UEs as LC-MTC, then 25PRBs out of 100 PRBs per subframe will have to be used for all  UE. This seems quite significant overhead for the RAR from resource usage point of view.

On the other hand, if the eNB does not assume all UEs as LC-MTC, 15 PRBs out of 100 PRBs per subframe per preamble transmission will be wasted for every cell edge LC MTC UE as such UE is not going to receive the RAR. This seems quite significant wastage from resource usage point of view.  , 
Another aspect of the preamble which is not considered in RAN 1 is that these preamble retransmissions by the cell edge UEs may also increase the collision rate and this has not been analysed.
Other than the overhead on the retransmissions of the RAR and preamble, there is also the increase in the UL interference on the PRACH opportunities since those opportunities may also be used for PUSCH transmission. Again this may not have been considered in RAN 1.
Furthermore, as from the RAN 1 LS, it is recommended that eNB is provided with knowledge of low complexity UE for idle mode Paging. With this, the low complexity cell edge UE can receive the paging message in idle mode. However, to respond to the paging, the UE has to perform PRACH and if eNB is not enhanced with knowledge of low complexity UE for RAR, the UE will not be able to respond to the paging and this will result in further paging overhead.

Observation#1: Other than the overhead on RAR and preamble if eNB is not provided with the knowledge of low complexity UE, the following issues also exist:

· Overhead of RAR is quite significant if eNB considered all UEs are LC-MTC UE
· Significant wastage of PRB resources on cell edge LC MTC UE if eNB considered all UEs are normal UE 

· Increase in collision rate because of preamble retransmissions

· Increase in UL interference because of power ramping of preamble retransmission

· PRACH is required for paging response

By signalling the capability prior to RAR, it will also help in ensuring that the network does not schedule more than 1000bits for Msg5 (RRC Connection Setup Complete message) and all UL messages before UE capability is known to the eNB. Some companies think that the RRC Connection Setup Complete message with NAS message (mandatory to be included) piggybacked as an IE is smaller than 1000bits. They based it on the assumption that Protocol Configuration Option (PCO) cannot be included in the PDN Connection Request if piggybacked in the Attach Request. In fact only PCO that are ciphered cannot be in PDN Connection Request if piggybacked in the Attach Request. There is no statement in TS24.301 preventing PCO not ciphered be included. As information, an extract from TS24.301 Section 6.5.1.2 [4] is provided in Annex A which indicated clearly only PCO that are ciphered cannot be included, but no statement about PCO not ciphered. The size of the PCO can be as big as 2024 bits. There might be eNB that will provide a UL grant for more than a 1000bits for Msg 5
Observation#2: Msg5 with Attach Request message can be bigger than 1000bits    

Based on Observations #1 and #2, it is proposed that RAN 2 agree to:
Proposal#1: eNB should be informed of Low complexity UE prior to RAR.

2.2 eNB knowledge of low complexity for Paging

It is clear from RAN 1 LS [1] that RAN 1 sees benefits in eNB knowing that UE is low complexity for paging. We do not see the need to revisit this again in RAN 1 or in RAN 2. Hence it is proposed that 
Proposal#2: There is no need for RAN 2 to rediscuss the eNB knowledge of low complexity UE for Paging. RAN 2 and other WGs should follow the RAN 1 recommendation.
2.3 Answer to Questions A and C from SA2 LS [2]
2.3.1 AS solution (Option 1 vs Option 2) vs NAS solution for transferring UE paging capability to MME
In [2] SA2 proposes the NAS option and the AS option as illustrated in the following figure:


       NAS Option




        AS Option
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The existing exchange of UE radio capability has been represented in green. The additions involved by the new transfer on top have been represented in purple for the two options.

In the NAS option, at EMM exchange e.g. TAU the UE NAS will request the UE AS to provide the new paging category IE. The UE AS will derive it from the UE radio capabilities it has and send it back to the UE NAS. Once received the UE NAS will include it in the EMM message to be sent and stored in the MME NAS. At next idle-active transition, the MME NAS will provide it to the MME S1 in order to deliver the information to the eNB over S1.

In the AS option(s), the UE does not need to be involved. The eNB can derive the necessary radio characteristics (paging category IE) from the existing radio capability (received in green) and send them to the MME S1 either at the same time (variant proposed in dotted purple) or later at S1 Release Complete time (variant represented in solid purple). The MME S1 will give them to MME NAS for storage. At next idle-active transition, the MME NAS will provide it to the MME S1 in order to deliver the information to the eNB over S1. 

Obviously, the AS option overall presents three advantages over the NAS solution:

· UE doesn’t need to be involved and impacted because the eNB leverages the existing radio capability knowledge it has from existing radio capability exchange,

· Less specification and layer impact (no impact to CT1 24.008),

· A bit less signaling involved (as represented in purple colour),

· this option limits the impact to the core network as expressed by RAN1 in [1]: 

It is noted that it is RAN1’s understanding that this work item has no impact on core networks. 

Because it can avoid UE impact, CT1 impact and minimize core network impact it is preferable to select the AS option.

Proposal#3: AS solution (Option 1 or 2) should be adopted for paging capability transfer to the MME.  
In the SA2 LS, there are 2 options for AS solution based on S1 interface. In Option 1, radio paging information is forwarded to the MME in a  similar way as existing UE capability information (i.e. via S1AP UE Capability Info Indication) while Option 2 forwards the radio paging information when the UE transition from active to idle (i.e.via S1AP UE Context Release). Since this is purely a S1AP problem, the choosing of Option 1 and 2 should be left to RAN 3.

Proposal#4: The decision of whether to adopt Option 1 or 2 of the AS solution should be left to RAN 3.  

2.3.2 RRC Container for paging information

If Proposal#3 is agreed, there is a need to have RRC Container like UE capability info container. From RAN 2 perspective, either a new IE is introduced for LC-MTC category or an extension of the existing UE category with new IE. For the former, depending on the future extensibility, we do not see it to be more than the existing Rel-8 UE category which is 3bits. As for the latter, the number of current UE category is 10 and together with CAT0 UE will be 11. We prefer to continue using the IE name for UE category as is used in Rel-8, Rel10 and Rel11. 
Proposal#5: The same IE name for UE category as is used in Rel-8, 10 and 11 (i.e ue-category) should be used also for the Cat 0 for low complexity UE.

In terms of what is sent over S1, only the rel-12 UE category containing the UE category 0 needs to be in the RRC Container. A draft CR for TS36.331 introducing the radio paging information RRC message is proposed in [5]  

Observation#3: The RAN related paging information is contained within a RRC Container and the size of radio paging information is not seen to be more than 1 octet strings.
3 Conclusion

 It is recommended that RAN 2 discusses the following observations and proposals:
Observation#1: Other than the overhead on RAR and preamble if eNB is not provided with the knowledge of low complexity UE, the following issues also exist:

· Overhead of RAR is quite significant if eNB considered all UEs are LC-MTC UE

· Significant wastage of PRB resources on cell edge LC MTC UE if eNB considered all UEs are normal UE 

· Increase in collision rate because of preamble retransmissions

· Increase in UL interference because of power ramping of preamble retransmission

· PRACH is required for paging response

Observation#2: Msg5 with Attach Request message can be bigger than 1000bits    

Based on Observations #1 and#2, it is proposed that RAN 2 agree to:

Proposal#1: eNB should be informed of Low complexity UE prior to RAR.

Proposal#2: There is no need for RAN 2 to rediscuss the eNB knowledge of low complexity UE for Paging. RAN 2 and other WG should follow the RAN 1 recommendation.
Observation#3: The RAN related paging information is contained within a RRC Container and the size of radio paging information is not seen to be more than 1 octet string

Proposal#3: AS solution (Option 1 or 2) should be adopted for paging capability transfer to the MME.

Proposal#4: The decision of whether to adopt Option 1 or 2 of the AS solution should be left to RAN 3.  

Proposal#5: The same IE name for UE category as is used in Rel-8, 10 and 11 (i.e ue-category) should be used also for the Cat 0 for low complexity UE.Possible reply LS contents are in [6].
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5 Annex A: Extract from TS24.301 Section 6.5.1.2 [4]
6.5.1.2
UE requested PDN connectivity procedure initiation
When the PDN CONNECTIVITY REQUEST message is sent together with an ATTACH REQUEST message, the UE shall not include the APN.
NOTE 1:
If the UE needs to provide protocol configuration options which require ciphering or provide an APN, or both, during the attach procedure, the ESM information transfer flag is included in the PDN CONNECTIVITY REQUEST. The MME then at a later stage in the PDN connectivity procedure initiates the ESM information request procedure in which the UE can provide the MME with protocol configuration options or APN or both.
In order to request connectivity to a PDN using the default APN, the UE includes the Access point name IE in the PDN CONNECTIVITY REQUEST message or, when applicable, in the ESM INFORMATION RESPONSE message, according to the following conditions:

-
if use of a PDN using the default APN requires PAP/CHAP, then the UE should include the Access point name IE; and

-
in all other conditions, the UE need not include the Access point name IE.

In order to request connectivity to an additional PDN, the UE shall send a PDN CONNECTIVITY REQUEST message to the MME, start timer T3482 and enter the state PROCEDURE TRANSACTION PENDING (see example in figure 6.5.1.2.1). If the additional PDN connection is for emergency bearer services, the UE shall not include an APN in the PDN CONNECTIVITY REQUEST message; otherwise the UE shall include the requested APN.

In the PDN type information element the UE shall indicate the IP version capability of the IP stack associated with the UE as specified in subclause 6.2.2.
The UE shall set the request type to "initial request" when the UE is establishing a new PDN connectivity to a PDN in an attach procedure or in a stand-alone PDN connectivity procedure. The UE shall set the request type to "emergency" when the UE is requesting a new PDN connectivity for emergency bearer services. The UE shall set the request type to "handover" when the connectivity to a PDN is established upon handover from a non-3GPP access network and the UE was connected to that PDN before the handover to the 3GPP access network.
NOTE 2:
For emergency bearer services, the handover from non-3GPP access to E-UTRA is not supported.

If the UE supports DSMIPv6, the UE may include a request for obtaining the IPv6 address and optionally the IPv4 address of the home agent in the Protocol configuration options IE in the PDN CONNECTIVITY REQUEST message. The UE may also include a request for obtaining the IPv6 Home Network Prefix. The UE shall request the IPv6 Home Network Prefix only if the UE has requested the home agent IPv6 address. The requested home agent address(es) and the Home Network Prefix are related to the APN the UE requested connectivity for.
The UE may set the ESM information transfer flag in the PDN CONNECTIVITY REQUEST message to indicate that it has ESM information, i.e. protocol configuration options, APN, or both, that needs to be sent after the NAS signalling security has been activated between the UE and the MME.
If the UE supports A/Gb mode or Iu mode or both, the UE shall indicate the support of the network requested bearer control procedures (see 3GPP TS 24.008 [13]) in A/Gb mode or Iu mode in the Protocol configuration options IE.

Protocol configuration options provided in the ESM INFORMATION RESPONSE message replace any protocol configuration options provided in the PDN CONNECTIVITY REQUEST message.
