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Introduction
In this document, we discuss way forward for MTC specific extended backoff and MTC specific RACH resource as RAN overload solutions. 
Discussion on MTC specific RACH resources
It seems to be unclear how eNB differentiates overload due to delay tolerant accesses (MTC access) and overload due to normal accesses. If overload occurs due to normal accesses i.e. non-delay tolerant accesses, EAB would not work well because EAB is capable of filtering out only delay tolerant accesses. Thus, when RAN overload occurs, eNB should differentiate which type of accesses mainly contributes to the overload by any means.
One solution for detecting RAN overload due to delay tolerant accesses was already captured in MTC TR. If a separate RACH resource is used for delay tolerant accesses, eNB could easily differentiate overload due to normal access and overload due to delay tolerant access. 
However, we do not prefer to have RACH resources for delay tolerant access (MTC specific RACH resource) isolated from RACH resources for normal access because it could be inefficient in some cases [1]. Rather than RACH resource isolated from normal access, it seems to be better that a subset of RACH resources used for normal access is allocated to delay tolerant access as well as normal access as shown in the figure 1.
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Figure 1: Possible Example of Random Access Resource Configuration for MTC and non-MTC
Namely, if system information configures RACH resources with dark and light gray subframes as shown in the figure 1, dark and light gray subframes are allocated to normal access i.e. non-MTC RA access, and dark gray subframes are also allocated to delay tolerant access. Therefore, RACH resources for normal access are not restricted by delay tolerant access.
Such RACH resource configuration allows eNB to identify whether RACH overload occurs due to delay tolerant access or normal access not by restricting RACH resources for normal access. If RACH resource is configured like the figure 1, eNB could sense normal access load based on light gray subframes used for normal access only. Then, eNB could further sense delay tolerant MTC access load based on dark gray subframes used for both delay tolerant access and normal access by deducting normal access load.
Namely, by differentiating delay tolerant access load and normal access load, eNB could decide the moment when RAN overload solution such as EAB should be used. If overload occurs due to delay tolerant access, eNB would decide to use RAN overload solution such as EAB. Otherwise, eNB may not use it.
Proposal 1: MTC specific RACH resources used for delay tolerant access are configured as a subset of RACH resources used for normal access not by restricting RACH resources for normal access, and shall be investigated as a solution for eNB to detect whether overload occurs due to delay tolerant access or normal access.
Discussion on Extended backoff for MTC
MTC specific backoff solution is captured in MTC TR as one of RAN overload solutions. As shown in the figure 2, if extended backoff is used in LTE, RAR is used to signal and update MTC specific backoff parameter.
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Figure 2: Illustration of the RA backoff solution with EBO (Extended Backoff) in LTE [2]

In the last meeting, how this solution works and the benefits of this solution were discussed in [2]. Since EAB parameters are broadcast on system information, update of EAB parameters would be slow. Thus, if overload due to MTC devices surges in a short period, it is a question how quickly EAB controls RACH overload even with a short modification period of SI carrying EAB. We think that there are several cases that one event triggers massive MTC devices to perform random access for reporting at the same time, which is one of the reasons why we standardize a solution for RAN overload control.
As we know, MTC specific backoff solution is used for eNB to control RACH overload. It can be used to control a surge of MTC overload, just by extending the values of the existing backoff parameters for RACH e.g. using BI reserved values or padding bits in RAR. The extended backoff values may be less than the EAB parameter values. Such extension looks simpler than the other mechanisms.
Another benefit of extended backoff is extending the values in the existing signalling. The extended backoff does not increase overhead in downlink because it can be included in RARs constructed for responding to ongoing preamble transmissions for normal accesses. How would it work without additional overhead?
While a cell is in high load, it is likely that more MTC devices apply extended backoff. In high RACH load, more RARs would be transmitted and so eNB has more opportunities to include extended backoff in the RARs. Thus, eNB would have sufficient opportunities to control several MTC devices by extending backoff in high load. 
On the other hand, in low RACH load, less RARs would be transmitted and so eNB has less opportunities to include extended bakckoff in the RARs. If UE receives no extended backoff, UE would apply either no backoff or normal Rel-9/10 backoff, if available (FFS). In our view, while a cell is in low load, it is likely that MTC devices apply no extended backoff or only limited number of MTC devices applies extended backoff. Hence, eNB would not increase the number of RARs for extended backoff.
As a consequence, we think that eNB could control MTC devices by extending backoff in RARs without additional overhead for either high load or low load. 
One of drawback for EAB is that EAB cannot control ongoing delay tolerant MTC access entering connected mode and also random access by MTC devices in connected mode. But, MTC specific backoff solution can be used to control such access by signalling extended backoff to MTC devices. For example, when overload occurs, eNB could immediately deprioritize ongoing RACH access from MTC devices establishing a RRC connection by extending MTC specific backoff. 
In addition, if MTC devices in connected mode perform RACH based on extended MTC backoff (e.g. Fleet Management Application as in 37.868 B.2), eNB could also selectively delay any RACH trial from MTC devices in connected mode. But, EAB cannot be used for MTC devices in connected mode.
Furthermore, even if overload is not so significant (EAB may be not configured), it is possible that eNB prioritizes normal RA access and deprioritizes delay tolerant MTC access with extended backoff. i.e. random access delays for normal access and delay tolerant access can be differentiated. For instance, eNB could further delay delay tolerant accesses than normal accesses. Then, eNB would mostly accept normal accesses before delay tolerant accesses by using separate backoff parameters for normal access and delay tolerant access. As a result, eNB could maintain normal access delay when delay tolerant access increases.
In summary, we believe that extended backoff for MTC has the following benefits:
· Immediate response to a high surge of RACH overload
· No additional overhead due to signalling of extended backoff
· Control of ongoing RA retransmissions for MTC devices in connection establishment 
· Control of RA transmissions for MTC devices in connected mode
· Differentiating random access delays for normal access and delay tolerant access during random access
Proposal 2: The extended backoff for MTC shall be investigated as a solution for eNB to quickly control a surge of RACH overload and ongoing random access from delay tolerant MTC devices, and to differentiate random access delays for normal access and delay tolerant access during random access.
Conclusion

In conclusion, we propose the followings:
Proposal 1: MTC specific RACH resources used for delay tolerant access are configured as a subset of RACH resources used for normal access not by restricting RACH resources for normal access, and shall be investigated as a solution for eNB to detect whether overload occurs due to delay tolerant access or normal access.

Proposal 2: The extended backoff for MTC shall be investigated as a solution for eNB to quickly control a surge of RACH overload and ongoing random access from delay tolerant MTC devices, and to differentiate random access delays for normal access and delay tolerant access during random access.
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