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1.
Introduction
The figure 1 shows the simple random access procedure with back-off (BO). In this case, we have a question: if UEs accessing with different RAIDs should apply back-off, should the message 2 include different back-off parameters for different RAID or one common back-off parameter for different RAIDs? This document tries to answer this question.
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Figure 1: LTE random access with back-off
2.
BO parameter in message 2
We consider the following options for inclusion of BO parameter in message 2:

-
Option 1: BO parameter per RAID
-
Option 2: BO parameter per MAC PDU

In both options, we propose that R bit is replaced by B bit to include the BO parameter in MAC PDU as shown in figure 2a and 3a.

2.1.
Option 1: BO parameter per RAID
One BO parameter can be included per RAID. Each RAR for each RAID can include a BO parameter as shown in figure 2. As a result, one BO parameter will be applied by one or more UEs that accessed at the same time with the same RAID. Different BO parameters will be applied by different UEs that accessed at the same time with different RAIDs.
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Figure 2a: E/R/RAID MAC sub-header for Option 1
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Figure 2b: MAC RAR in case of B=1 for Option 1
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Figure 2c: Normal MAC RAR in case of B=0 for Option 1
The BO parameter would be used mostly in case of overload. Thus, the BO parameter could be optionally inserted into MAC RAR. To make the BO parameter optional, B bit that replaces R bit could be used to indicate insertion of the BO parameter as shown in figure 2a. For instance, if B bit is set to 1 in a E/R/RAID MAC sub-header, the BO parameter is added to the corresponding MAC RAR as shown in figure 2b. If B bit is set to 0 in a E/R/RAID MAC sub-header, the BO parameter is not added to the corresponding MAC RAR as shown in figure 2c. 
Since the BO parameter is provided per RAID, TA could be also added to MAC RAR with the BO parameter as shown in figure 2b. In this case, when a UE sends a RA preamble again after back-off with the BO parameter, the UE could adjust timing with a value in the TA field.
2.2.
Option 2: BO parameter per MAC PDU
One common BO parameter for all RAIDs is included in MAC PDU of a message 2. Thus, one common BO parameter will be applied by different UEs that accessed at the same time with same or different RAIDs.
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Figure 3a: E/R/RAID MAC sub-header for Option 2
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Figure 3b: MAC RAR in case of B=1 for Option 2
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Figure 3c: Normal MAC RAR in case of B=0 for Option 2
The figure 3a shows E/R/RAID MAC sub-header for this option. If B bit is set to 0, RAID is included in the MAC sub-header and normal MAC RAR is in the MAC payload. If B bit is set to 1, BO parameter is included in the MAC sub-header and the list of RAIDs corresponding to back-off process is included in the corresponding MAC RAR as shown in figure 3b.

The list of RAIDs indicates who should perform back-off with the BO parameter in the MAC sub-header. For instance, after a UE accessed with a certain RAID, the UE could find the same RAID in the list of RAIDs corresponding to the BO parameter in the last MAC RAR. In this case, the UE should perform back-off with the BO parameter. However, if the UE does not find the same RAID in any MAC sub-header and any MAC RAR during a certain window, the UE should send a RA preamble again at the next opportunity without back-off.
In addition, if necessary, following each RAID listed in the MAC RAR in figure 3b, we could attach a TA value for each RAID. In that case, R bit in the MAC RAR in figure 3b could indicate attachment of TA value following the corresponding RAID.
3.
Proposals and Conclusion
In this document, we propose two options to include BO parameter in message 2. The option 1 provides different BO parameters for different RAIDs. Thus, if a cell is highly overloaded, eNB could have more flexibility to control overload situation. However, since BO parameter provides statistical uniform distribution in a window, we don’t see any benefit of the option 1. Rather, the option 1 could bring unnecessary overhead into message 2.
On the other hand, the option 2 provides one common BO parameter for different RAIDs. We think that the option 2 is more beneficial than the option 1 because overhead can be minimized. Accordingly, we propose the option 2.
In conclusion, we propose:
1. R bit is replaced by B bit to include the BO parameter in MAC PDU.

2. If the BO parameter is included, the BO parameter replaces the RAID field in the last MAC sub-header of MAC PDU.
3. If the BO parameter is included, the list of RAIDs is included in the last MAC RAR of MAC PDU.

4. If a UE accessing with a RAID finds the same RAID in the list of RAIDs corresponding to the BO parameter in the last MAC RAR, the UE performs back-off with the BO parameter.[image: image9.png]
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