3GPP TSG RAN WG2 #87
R2-143342
August 18 –22 , 2014
Dresden, Germany
Agenda item:
7.6    MTC Low Cost
Source: 
Sierra Wireless
Title: 
CAT 0 indication solution evaluation 
Document for:
Discussion/Decision
1 Introduction

This tdoc discusses possible CAT 0 indication solutions to support CAT 0 UE’s which have limited capability (TBS and one receive antenna) [1]. 
2 CAT 0 indication related open issues
Issue #1: Increased BLER for RAR messages
Due to the single receive antenna, CAT 0 UEs will suffer worse BLER for all random access messages before UE capabilities are known by the eNB. This is most relevant for CAT 0 UEs at the cell edge. This increase in BLER will result in more retries utilizing more system resources. 

Issue #2: eNB sends a message exceeding 1000 bits
Before the UE capabilities are exchanged, the eNB doesn’t know the UE is a CAT 0 so it is possible the eNB sends a message to the UE which exceeds the CAT 0 UE’s TBS decoding limitation. 
Issue #3: Increase BLER for PCH messages

Similar to increased BLER DL random access messages, CAT 0 UEs will also suffer worse BLER for PCH messages. 

Since issue #3 is orthogonal to the others, solutions for issue #3 are not considered in this paper.

3 Evaluation of Solutions
The following section evaluates the possible solutions:

Solution 1: Do nothing + UE TB Prioritization
For issue#1 – Do nothing. The system is designed to handle a certain level of BLER and since this only affects CAT 0 UEs near the cell edge, the effect should not be large. 
For issue#2 - UE could choose to decode up to 2216 bits of a NAS message rather than a 2216 bit SIB message thus it can support messages up to 2216 bits.

Pro:
· Very little standards changes
Cons:
· CAT 0 UEs may very rarely miss a large SIB messages if large SIB is sent in the same sub-frame as a large NAS message

· Additional RAR BLER for CAT 0 UEs at the edge of coverage

Solution 2A: PRACH Partition for CAT 0 UEs
For issue#1 - Partition off an area of the PRACH preamble space to be used only by CAT 0 UEs. When the eNB decodes a preamble within the new CAT 0 PRACH space, the eNB codes message 2 and other messages to provide additional coverage.
For issue#2 – eNB already knows in message 1 that the UE is a CAT 0 so it makes sure all messages are < 1000 bits.

Cons:

· Additional PRACH collisions due to fewer PRACH preambles for legacy UEs
· Reduces future PRACH partition possibilities (e.g. for coverage extension or further low cost UE)
· All CAT 0 RARs (even those in good coverage) will be coded more than necessary thus wasting network resources

Solution 2B: PRACH Partition for CAT 0 UEs in low coverage in message 1 + UE TB Prioritization
For issue#1 - Similar to solution 2A but in this case, only CAT 0 UEs in bad coverage would use the new PRACH partition.  
For issue#2 – eNB can make sure messages are <1000bits for CAT 0 UEs in poor coverage and other CAT 0 UEs could choose to decode the 2216 bit  e.g. NAS message rather than a 2216 bit SIB message thus this solution can support messages up to 2216 bits.
Pros:

· Use less resources than solution 2A given only CAT 0 RARs in bad coverage are coded more

· A much smaller PRACH partition is needed vs solution 2A thus less PRACH collision

Cons:

· CAT 0 UEs in good coverage may miss large SIB messages if a large SIB is sent in the same sub-frame as a large NAS message

Solution 3: Do nothing + Indication for CAT 0 in Msg5
For issue#1 – Do nothing. The system is designed to handle a certain level of BLER and since this only affects CAT 0 UEs near the cell edge, the effect should not be a large. 

For issue #2 - A new CAT 0 indication is added to msg5. eNB makes sure all message are < 1000 bits after seeing this indication.

Cons:

· Additional RAR BLER for CAT 0 UEs at the edge of coverage

4 Conclusions

Proposal 1 – RAN2 should allow networks to be deployed using only solution 1 - Do nothing + UE TB Prioritization. This should not require any further RAN2 agreements. 
Proposal 2 – If deemed necessary, solution 2B should be specified but the eNB is not required to support it (e.g. UE should always support solution 1 and solution 2B but eNB may implement either solution 1 or 2B). 
Appendix I: PRACH partition solution 2B
Create new optional Preamble Group for CAT 0 UEs in bad coverage

Currently there are 64 preamble patterns which the eNB divides up into three groups (one group for contention free PRACH and two for contention  based access). These groups are set up via SIB2 IEs (sizeOfRA-PreamblesGroupA
 And numberOfRA-Preambles).
A new group within the 64 existing preamble could be designated for use only by CAT 0 UEs in poor coverage. A new SIB2 IE (i.e. CAT0PreambleEnd) could be used to allocate this new group:

New CAT 0 Preamble Allocation


If a Cat 0 UE detects that it is receiving a weak signal and sees the IE indicating availability of the preambles then it may use them to indicate to the eNB that an enhanced response is requested. If a Cat 0 UE is receiving a strong signal and sees the IE set then it should avoid using the special set of preambles.

If the eNB detects a preamble from the “CAT 0 Preambles in bad coverage” group, the eNB knows that this came from a CAT 0 UE in need of some enhanced response and the associated RAR would need to be scheduled accordingly. The eNB can adjust the number of preambles in the “Cat 0 Preamble” group based on the PRACH demand it detects. However, the CAT 0 PRACH demand changes quickly, the eNB would not be able to adjust to size very quickly as the SIBs cannot be updated frequently and should not be changed frequently as this results in an increase in UE power consumption.  This method does not require any RAN1 changes.
If the Cat 0 UE does not detect the IE indicating availability of a separate set of preambles then it may use any preamble.
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