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1.
Introduction
To properly allocate radio resources for each UE and each radio bearer, it is important for eNB to know precisely the buffer status information of each UE. In this document, how to inform buffer status of UE is discussed.
2.
Discussion
2.1 UE Scenarios

To inform buffer status of UE, there are two ways. First one is to use physical channel call Scheduling Request (SR) channel. And the other one is to use MAC in-band signalling such as Buffer Status Report (BSR). Additionally, depending on whether the UE has an assigned radio resource, following combinations are foreseen:

Scenario A: UE is not allocated with valid SR channel and UE is not allocated with UL resources.
Scenario B: UE is not allocated with valid SR channel and UE is allocated with UL resources.

Scenario C: UE is allocated with valid SR channel and UE is not allocated with UL resources.
Scenario D: UE is allocated with valid SR channel and UE is allocated with UL resources.
In the next sections, we further discuss each scenario more in detail. The UE behaviour may be different in each scenario.
Scenario A: UE without SR channel and without UL resources.
If it is mandated that UE is always allocated with SR channel in connected mode, this state may not exist. But if the UL resource is released when UL of the UE is not synchronized, this scenario exists.

Because the UE does not have any SR channel and UL resources to transmit MAC PDU in this scenario, the UE has to perform RACH procedure when new data arrives from upper layer. 
Conclusion: When there is no allocated UL resource, the UE uses RACH procedure when new data arrives.
The reason for RACH access is not known just by the preamble transmission. Message 3 in RACH procedure has to include at least following information for connected mode UE: 

· UE identity. In this case, C-RNTI to resolve accesses from different UEs. 

· UE buffer status information. Depending on the available space in RACH message 3, short version of BSR or full size BSR will be included. 
· User data. If there is available room in the MAC PDU after including BSR, user data of highest priority RB may be included.

On the other hand, for idle mode UE, it is not clear whether BSR should be included or not. It is foreseen that RACH message 3 is almost packed with RRC message. If BSR is included, there will be much less room for RRC message and RRC message will be segmented. Accordingly, BSR should be included if there is available room in MAC PDU after including RRC message for idle mode UE.
Conclusion: For RACH message 3, BSR is first included for connected mode UE and RRC message is included first for idle mode UE.
By the way, even though the UE has performed RACH procedure, the UE may not be allocated with UL resources due to following reasons:
1) The RACH contention has occurred and the UE has lost.

2) The eNB has successfully received the BSR over RACH message 3, but the eNB does not have available resources for the UE due to congestion or low priority data.
For both cases, timer can be used to trigger RACH procedure again. But for the case 2), to reduce UL interference, the eNB should be able to prevent further RACH procedure from the UE for some time period. To do this, some mechanism to control RACH access for resource request purpose is needed. Otherwise, the UE will generate continuously uplink interference.
Conclusion: A mechanism is needed to prevent UEs with low priority data from causing too much interference
Scenario B: UE without SR channel and with UL resources.

As long as there is an allocated UL resource, the UE can transmit BSR over the allocated resource. 
But it is not clear how the UE decides whether it has an UL resource or not. For example, when a UE has 4 processes and only one process has been allocated with UL resources, it is ambiguous whether the UE has UL resource due to the one process or the UE has not UL resources during the other 3 processes. But for simplicity, it is proposed that a UE is considered as having UL resource when at least one process has UL resource.
Conclusion: It is proposed to clarify when a UE decides itself as not having UL resources.
In this scenario B, BSR will be transmitted when:

· A periodic timer expires. Periodic report will be helpful for the eNB to track the change in buffer. 
· A certain event occurs such as change of highest priority change. This will make eNB track abrupt changes in buffer.

Conclusion: Timer based and event based BSR reporting is used.
But every BSR report will not lead to resource allocation because eNB may have problem in allocating resources. Accordingly, the UE should not consider itself to be in scenario A as soon as all the processes do not have any UL resource and there is data in the buffer. To prevent the UE from starting RACH procedure immediately, a timer can be used as follows:
· When all the processes lose valid UL grant, the non-zero buffer is reported in the last-sent BSR and the BSR is HARQ acknowledged, the timer can be started.
· When the timer expires, UE performs RACH procedure as in scenario A. I.e., the UE regards itself as not having UL resources.
· While the timer is running, when a UL grant is received, timer is stopped.
· When all the processes lose valid UL grant and the zero buffer is reported in the last-sent BSR and if the buffer is not empty:

· UE performs RACH procedures as in scenario A. I.e., the UE regards itself as not having UL resources.
Conclusion: UE should not immediately perform RACH procedure, when resource is not allocated after BSR reporting.
Scenario C: UE with SR channel and without UL resources.

When a UE is not synchronized in UL, the other channels except RACH should not be used. But it is unclear whether the UE also release the SR channel configuration when its UL synchronization is lost. If it is agreed that the SR channel resource is not released even when the UE loses UL synchronization, the UE may use the SR channel after receiving TA command in RACH message 2. Thus, it should be clarified whether SR resource is released when UL synchronization is lost.
Conclusion: It is proposed to clarify whether SR resource is releases when UL synchronization is lost.
On the other hand, when UL is synchronized, the 1-bit over SR channel is used. The SR channel can be used to notify eNB of the new data arrival. Based on that, eNB can further allocate UL resources to receive BSR.  In this case, the reliability of SR channel also should be considered. Because it is a 1-bit channel, there is always possibility that eNB misses the 1-bit indication. Possible options are as follows:
· Option 1

When new data arrives from upper layer and UL is synchronized, the bit on SR channel is set and sent until UL resource is allocated. But this will cause unnecessary interference in UL, if the eNB has successfully received SR channel but has no resources for the UE.
· Option 2

The bit on SR channel is set for the configured number of times. The number of transmission is informed using system information or per UE. 
In either case, the 1-bit setting on SR channel should be stopped as soon as the UL grant is received. And if the UL grant is not received for some time period after transmission over SR channel, the RACH procedure should be used because it is possible that the UL synch is de-synchronized or there are some errors between UE and eNB.
Conclusion: When SR channel is available but UL-SCH resource is not available, 1-bit SR channel is used when buffer is not empty. Further mechanism should be used for reliability of SR channel. 
Scenario D: UE with SR channel and with UL resources.

In this case, the UE can use either SR channel or MAC in-band signalling to notify its buffer status. With combination of both, more efficient reporting may be possible.
The transmission of BSR will be similar to the scenario B. I.e., BSR will be transmitted when:

· A periodic timer expires. Periodic report will be helpful for the eNB to track the change in buffer. 

· A certain event occurs such as change of highest priority change. This will make eNB track abrupt changes in buffer.
But setting 1 bit over SR channel can be different from scenario C because the UE is able to send BSR within the allocated UL resources. Rather than using the 1-bit setting to just request UL resource, it can be used for event reporting. Following options are considered:
· When the buffer becomes empty, 1-bit can be set to inform eNB. I.e., as soon as the 1-bit over SR channel is set, the eNB stops allocating radio resources to the UE. With this, the eNB can minimize radio resource waste.
· The 1-bit can be set as the same way as in E-DCH. I.e., when there is enough data in the buffer to sustain for X ms with current allocated resources. But another way to achieve this is to use 1-bit in MAC header. 
Anyway, because it is possible to report buffer status by using MAC in-band signalling, the 1-bit over SR can be used for other future purpose. 
Conclusion: When SR channel is configured, how to set 1-bit over SR channel is different depending on the availability of UL-SCH resources.
2.2 MAC signalling

There are two possibilities for MAC in-band signalling for buffer status report:
· Option 1: MAC control SDU

MAC control SDU includes relevant information for buffer status report. This can be used for detailed reporting for each group of RBs such as the amount of data in the buffer. Also general status in UE can be informed such as power headroom information.
· Option 2: MAC Header field

Some field can be added in the MAC PDU header for buffer status report. But one bit for all RBs will be too restrictive.  On the other hand, including one bit for each set-up RB also is not desirable because the overhead problem will be severe. Accordingly, one bit for each RB included in MAC PDU will be enough. I.e., associating one bit for each included LCID field can be done with minimal impact. Even when BSR is not included, the eNB can get some information by using this field.
The amount of information that can be delivered over MAC control PDU will be much larger than the amount of information over MAC header field. On the other hand, MAC control PDU will be transmitted much less frequently than the MAC header field. Using these two facts, more optimized buffer status reporting will be possible as follows: 
1. MAC control SDU, i.e. BSR, is transmitted periodically. The MAC control SDU includes information regarding amount of data for each RBs with data. Also power headroom information can be added. 
2. MAC control SDU is also transmitted when certain events occurs. The possible events are:

· The highest priority changes.

· When PBR of certain RB is not met.

3. One bit for each included RB is set when certain criterion is met such as:
· When the buffer amount change is above some threshold. For example, ‘1’is set when buffer increases or ‘0’ otherwise. 

· When there is enough data for the RB to sustain the included amount in the current MAC PDU for more than X sub-frames. This is similar to ‘Happy bit’ of E-DCH.
One may argue that one-bit in the MAC header for all logical channels is enough. But, the number of logical channel included in the one MAC PDU will be not many. Thus, the overhead increase will be minimum. Furthermore, the one bit will give more precise information to eNB regarding the buffer status of each logical channel.  
Conclusion: MAC in-band scheduling request signalling includes MAC control SDU and MAC header field. Detailed buffer status report is included in MAC control SDU. One bit is included per each RB included in the MAC PDU. It is FFS how to set each bit.
2.3 Type of Service
By the way, when to set one-bit in the MAC header or when to include BSR for one logical channel can consider the characteristic of the service type such as GBR or non-GBR. For example, for the GBR-type service, we expect that the data rate for the service will be almost constant and an eNB may allocate radio resource considering that characteristic even without receiving BSR from the UE. Accordingly, it may be waste for the UE to report when the data rates are constant. Rather, it may be useful for the UE to report only when the average buffer loading or data rate deviates from the defined threshold. I.e., reporting the deviation from the normal average value will be more beneficial to eNB.
But for non-GBR type service such as TCP, because the data is bursty, the data amount itself can be informed. 

Conclusion: Depending on the type of service, BSR reporting configuration for RBs can be different.
3.
Conclusion
It is proposed to discuss the analysis in section 2. And it is proposed to update TS and TR according to the decision.
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