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1 Introduction
This contribution discusses MAC aspects related to BSR and DVI. It is proposed to use a new MAC CE for the BSR in NB-IoT.
At the RAN2#93bis meeting ([1]) the following was agreed with regards to BSR signalling:
· Exact signalling format is FFS
· Value range is FFS
At the RAN2#93bis meeting the following was also agreed related to BSR:
· We use NB-IoT specific DVI/PHR for MSG3, and use LTE BSR for non-MSG3 cases.
· We don’t include PHR for other cases than MSG3 as RAN1 hasn’t asked for it.
· For NB-IoT we consider a subset of LTE BSR support, the subset is FFS.
· We put the NB-IoT-specific DVI/PHR functionality in MAC
· Only a Short BSR is supported for NB-IOT (no long BSR)
· Same text as for legacy LTE in 36.321 on BSR trigger new data and high priority data is used for NB-IOT
· all data belongs to the same priority for NB-IOT wrt BSR triggering
· BSR retransmission is supported for NB-IOT (We also support infinity value for reTxBSR-Timer)
· Periodic BSR is supported for NB-IOT
· Padding BSR is supported for NB-IOT
· Reuse BSR cancellation mechanism, with the difference that a padding BSR can cancel a pending regular or periodic BSR (i.e. the NOTE about padding BSR and cancellation is not applicable for NB-IoT)
· For NB-IoT all logical channels belong to one LCG that do not need to be configured by RRC. This LCG comprises both SRB and DRB
2 [bookmark: _Ref178064866]Discussion
It has been agreed to support BSR reporting for NB-IoT, but the exact format is still for FFS. Given that 4 bits has already been agreed to be used as buffer information in the DVI-PHR MAC CE sent in MSG3, and given that the transport block size is limited to 1000 bits in NB-IoT, we believe that 4 bits should be sufficient for the buffer status information also in MAC PDUs other than MSG3.
Proposal 1: 4 bits of buffer status information should be used for the BSR.
The MAC CE for NB-IoT BSR is proposed to have the following format:
Since all logical channels belong to the same logical channel group there is no need to indicate the logical channel group within the BSR MAC CE. Therefore we propose using a BSR format of four bits for the buffer size information.Illustration [image: ]1: Proposed format for the BSR MAC CE in NB-IoT

Proposal 2: Use a BSR MAC CE in NB-IoT consisting only of a buffer size field with a size of 4 bits.
One drawback with the current rules for triggering a BSR is that a regular BSR is only triggered when new data is received from higher layers and there are no data previously in the buffer waiting to be sent. Hence, the eNB will not automatically be informed when the number of bytes the UE wants to transmit changes. This can for instance result in the following scenario:
1. The eNB has information that the UE has 20 bytes to transmit
2. The UE has in the mean time received additional 100 bytes from its higher layer
3. The eNB schedules the UE in what it believes is the last scheduling needed, using say 24 bytes
4. The UE will send data in all of these 24 bytes and not send a padding BSR, since it uses all the room in the MAC PDU for data
In the above scenario we have a situation where the eNB does not know that the UE has 76 bytes to transmit. The eNB may try to grant the UE to ensure that it will get all data, but the grant may be rather small and when the eNB receives the UL TB it will be filled with data and the eNB still does not know the amount of data that the UE needs to transmit. This may take some time until all data has been transferred to the eNB.
This drawback can be handled by using the retxBSR-Timer or the periodicBSR-Timer timers, where the eNB will ensure that within a certain time period the UE will anyhow report an up-to-date value of the buffer status. The retxBSR-Timer will trigger a regular BSR which may trigger an SR, and the periodicBSR-Timer will trigger a periodic BSR which will not trigger an SR. In NB-IoT an SR is very costly to perform and since the eNB anyhow knows whether the buffer status may not be up to date, it seems that only the periodicBSR-Timer would be needed. As already agreed at RAN2#93bis the infinity value is supported for this timer and we propose that it should be used as the default value for NB-IoT.
[bookmark: __DdeLink__1911_1710717889][bookmark: __DdeLink__1614_1048461236]Proposal 3: The default value of the retransmission BSR timer (retxBSR-Timer) should be set to infinity.
To avoid the above scenario where the eNB does not have an up-to-date view on the buffer level of the UE, the periodicBSR-Timer should be set to a value that ensures that the eNB will get informed within a rather short time, but avoid sending it in every TB if the transmission times are very short. The legacy value would seem to be suitable also for NB-IoT, but with less granularity. Proposed values are:
ENUMERATED { sf20, sf40, sf80, sf160, sf320, sf640, infinity, spare1}
Proposal 4: The values of the periodic BSR timer (periodicBSR-Timer) are suggested to be a subset of legacy, but using less number of values.
In legacy LTE the applicable BSR size values for non-extended BSR are in the range: 10 to 250000 bytes. It would seem that for NB-IoT this range is too large and a reasonable maximum value should be a number of times greater than the maximum TB size, but no need for any larger than that. Also many values in the existing BSR table are very close and therefore it would seem we can skip some of the intermediate values. As a suggestion we propose to use every second value starting from 10, this will give the following values:

	Index
	Buffer Size (DV) value [bytes]
	Index
	Buffer Size (BS) value [bytes]

	0
	BS = 0
	8
	67 < BS <= 91

	1
	0 < BS <= 10
	9
	91 < BS <= 125

	2
	10 < BS <= 14
	10
	125 < BS <= 171

	3
	14 < BS <= 19
	11
	171 < BS <= 234

	4
	19 < BS <= 26
	12
	234 < BS <= 321

	5
	26 < BS <= 36
	13
	321 < BS <= 440

	6
	36 < BS <= 49
	14
	440 < BS <= 603

	7
	49 < BS <= 67
	15
	BS > 603



Table 1: Proposed Buffer Size intervals for NB-IoT.
Using this approach we can report a maximum of 603 bytes. Given that 603 bytes is much larger than the maximum transport block supported, which is 125 bytes, it means that almost 5 full TBs can be sent with the information carried in just one BSR. It is likely to assume that a new BSR should have been triggered in the interval it takes to transmit these 603 bytes, and therefore it is not really useful to support any larger reported size than 603 bytes in the BSR MAC CE.
RAN1 has agreed to use the following TB sizes ([2]): 2, 3, 4, 5, 7, 9, 11, 13, 15, 18, 19, 22, 26, 28, 32, 37, 41, 43, 47, 49, 51, 53, 55, 57, 63, 69, 71, 73, 75, 77, 85, 87, 89, 97, 101, 109, 117, and 125 bytes. From these sizes it is not possible to make a perfect match of the BSR values, but a close match is sufficient as specified in the proposed table.
Proposal 5: Use the buffer size intervals as specified in table 1 for the BSR MAC CE in NB-IoT.
It does not seem to be a need for having two different buffer size tables for both the BSR MAC CE and the DPR (Data Volume and Power Headroom Report) MAC CE, and therefore we propose that the same buffer sizes are used for both of these MAC CEs.
Proposal 6: The same buffer size values should be used both for the BSR MAC CE and the DPR MAC CE.
3 Conclusion
Proposal 1: 4 bits of buffer status information should be used for the BSR.
Proposal 2: Use a BSR MAC CE in NB-IoT consisting only of a buffer size field with a size of 4 bits.
[bookmark: _GoBack]Proposal 3: The default value of the retransmission BSR timer (retxBSR-Timer) should be set to infinity.
Proposal 4: The values of the periodic BSR timer (periodicBSR-Timer) are suggested to be a subset of legacy, but using less number of values.
Proposal 5: Use the buffer size intervals as specified in table 1 for the BSR MAC CE in NB-IoT.
Proposal 6: The same buffer size values should be used both for the BSR MAC CE and the DPR MAC CE.
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