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1 Introduction

This tdoc discusses PRACH solution options to support CAT 0 UE’s which have limited PDSCH BW (i.e. 6 PRBs). NOTE: This tdoc does NOT consider the additional issue of when the CAT 0 UE is in limited coverage.

2 The PRACH Issue 
The PRACH problem for CAT 0 UE’s has been previously introduced in other tdocs [1]. 

Steps of Random access procedure
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As illustrated above, the issue is the eNB needs to know from the PRACH, if the UE is a CAT 0 UE so that the eNB can schedule the RAR msg in the 6 PDSCH PRBS that the CAT 0 UE can decode. 
3 Possible Changes
3.1 CAT 0 RAR Scheduling Options
Before considering PRACH changes, the scheduling of the RAR on the PDSCH for the BW limited CAT 0 UE’s needs to be considered. There have been four proposed options for PDSCH scheduling discussed in [1] for CAT 0 UE’s: 
· Option 1:frequency location of the reduced bandwidth is fixed 

· Option 2:frequency location of the reduced bandwidth is pre-defined for each UE

· Option 3:frequency location of the reduced bandwidth is to be changed semi-statically

· Option 4:frequency location of the reduced bandwidth is to be changed dynamically

Option 3 requires higher layer signalling (RRC signalling) which would not be available at this point in the system acquisition process so this option cannot be used to schedule the RAR.

Conclusion – Semi- static scheduling cannot be used to schedule the RAR.
Option 4 uses the PDCCH to dynamically schedule the RAR on the PDSCH but requires the RAR to be in a different subframe than the PDCCH so eNB still need to know that the PRACH was from a CAT 0 UE.
3.2 PRACH Options
There are at least three possible PRACH methods for support CAT 0’s limited PDSCH BW device: 
· Option A: Create new PRACH Preambles
· Option B: Designate existing Preambles

· Option C: Share existing Preambles

Option A: Create new PRACH Preambles
New preambles could be created (beyond the 64 available today) for use solely by CAT 0 devices. Thus, when the eNB detects a new preamble, it knows it is a CAT 0 UE.  Since the detection space for eNB will increase, the detection performance for all PRACHs (including legacy PRACHs) will be decrease.  This option will require RAN1 changes.

Proposal – Given the loss in detection performance for all preambles, new PRACH preambles to support CAT 0 should NOT be created.

Option B: Create new CAT 0 Preamble Group
Currently there are 64 preamble patterns which the eNB divides up into three groups (one group for connection free PRACH and two for connection based access). These groups are set up via SIB2 IEs (sizeOfRA-PreamblesGroupA
 And numberOfRA-Preambles).
Current Preamble Allocation
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A new group within the 64 existing preamble could be designated for use by CAT 0 only UE’s. A new SIB2 IE (i.e. CAT0PreambleEnd) could be used to allocate this new group:
New CAT 0 Preamble Allocation
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If the eNB detects a preamble from the “CAT 0 Preambles” group, the eNB knows that this came from a CAT 0 UE 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.
Option C: Share Existing Preambles

For this option, the eNB would schedule the RAR assuming it came from a CAT 0 UE regardless. This would allow for the most efficient use of the PRACH preambles but at the expense of restricting the scheduling for all RARs. It is also possible to share only a subsection of the preamble space with CAT 0 UE’s by defining the space with a new SIB2 IE (e.g. CAT0Preamblestart):
Shared CAT 0 Preamble Allocation
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4 Conclusions

Conclusion – Option B “Create new CAT 0 Preamble Group” and Option C “Share Existing Preambles” appear to be viable methods to support a PDSCH BW limited CAT 0 UE and neither method requires RAN1 changes.
Proposal – RAN2 should consider which options are preferred and advise if these require any RAN 1 changes.
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