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1
Introduction
RAN2 #85bis [1] made following working assumption for Low cost MTC: 
1.
The UE does not indicate its low complexity capability in Msg1, Msg3 or Msg5. It is only part of the normal UE capabilities. 

2. If the 1000 bit restriction applies also to UL: A low complexity UE supporting only 1000 bit UL TBS shall restrict its BSR to less than 1000 bit until having provided the UE capabilities to the eNB or having received the first RRCConnectionReconfiguration so that the NW can restrict all UL grants accordingly. 

In this paper, we would further analyse how the 1000 bits restriction could be applied to UL without breaking the principle of existing BSR process.
2
Discussion
In LTE, UE reports eNB how much UL data are in its buffer to be sent out in the buffer size field in BSR (Buffer Status Report). The eNB can then schedule the UE based on the QoS characteristic of the corresponding radio bearers and the reported buffer status. Buffer size indicates the total amount of data available across all logical channels of a logical channel group after all MAC PDUs for the TTI have been built. Since UE could not decide the RLC and MAC headers of the subsequent UL data when sending BSR, the size of the RLC and MAC headers are not considered in the buffer size computation. Furthermore, as the buffer size corresponds to a size range but not the exact value of UE transimsion buffer, it reflects only an estimation of the buffer size at the UE.
Observation 1: The buffer size indicated by buffer size field in MAC BSR is an “approximate” value which is an estimation of the data amount in the UE buffer.

After receiveing BSR, the eNB searches from Table 6.1.3.1-1 in 36.321 [2] to get the approximate amount of the UL grant UE requires. It is up to eNB implementation to decide the value in the specified range for subsequent processing. In the case that the eNB selects the maximum value from the range but the actual buffer size in the UE is smaller than this value, it is likely that the scheduler will provide grants that are slightly larger than necessary. In the worst case, the eNB may have the possibility to allocate more than 1000 bits TBS for UL data transmission even if Cat-0 UE reports BSR less than 1000 bits,

Observation 2: There might be potential risk that eNB allocates more than 1000 bits UL grant for Cat-0 UE.

Before eNB acquiring the UE capabilities, the eNB may have to ensure that any UL grant does not exceed 1000 bits until receiving UE capabilities. However this may reduce the efficiency of UL resource utilization. 
	Index
	Buffer Size (BS) value [bytes]

	0
	BS = 0

	……

	14
	67 < BS <= 78

	15
	78 < BS <= 91

	16
	91 < BS <= 107

	17
	107 < BS <= 125

	18
	125 < BS <= 146


Table 2-1: Buffer size levels for BSR

Based on the Table 2-1 above (refered from 36.321[2]), in case the amount of data in UE buffer is around 1000 bits, the UE may set the buffer size field to 17. However based on the analysis above, the BSR restriction less than 1000 bits is not sufficient to ensure that eNB allocates only at most 1000 bits. In order to restrict UL TBS allocation, before eNB acquiring the UE capabilities, the maximum buffer size index allowed for Cat-0 UE may need to be restricted further. The buffer size field only reflects what the UE has in its buffers without considering the possible L2 overhead (PDCP, RLC & MAC headers). In other words, to make sure that the eNB does not allocate a TBS larger than 1000 bits, the buffer size value 16 or 15 would even be a safer choice. However such buffer size restriction in BSR regardless the actual size in the UL buffer (even if the actual RRC PDU contains more than 1000 bits) would violate the principle of BSR which aims to indicate the real amount of data in the UE to be transmitted. 
Observation 3: The restriction of buffer size reported in BSR violates the principle of BSR and could not reflect the real amount of data in the UE buffer.
If RAN2 agrees that eNB has to restrict the UL grant for any UL packets before acquiring UE capabilities, one possible solution is as below: (i.e, to restrict UL grant for RRCConnectionSetupComplete message and UE capabilities)

During the initial access phase before eNB acquiring UE capabilities, the messages are exchanged only via SRBs which are assigned to LCG-0 by default. Therefore one bit in BSR would be sufficient to indicate the LCG ID and another bit could be used to indicate whether the UE is Cat-0 or not.

The Cat-0 UEs could use the updated Short BSR MAC CE to inform the size of RRCConnectionSetupComplete message or UE Capability Information before eNB acquiring the UE capabilities. The eNB checks the corresponding bit in the received BSR MAC CE and decides if the UL TBS restriction is applied for UL grants allocation accordingly.

After eNB acquiring the UE capabilities, the existing normal ShortBSR MAC CE could be used. The eNB would be able to accommodate the amount of UL data for the UE by selecting proper IMCS using transport block size tables in TS 36.213 [3] based on the data amount reported by BSR. Furthermore, as eNB has already been provided the UE capabilities, it could also take the limits for the Cat-0 UE given in 36.306[4] into account for allocating the UL grant for UEs.

Observation 4: Current BSR MAC CE has a room to provide Cat-0 information before DRBs are setup.
Proposal: The existing ShortBSR MAC CE could be updated to indicate the Cat-0 capability of UE before eNB acquiring the UE capabilities.
3
Conclusion
This contribution has analyzed the UL TBS restriction for Cat.0 UE, and the following observations were made:

Observation 1: The buffer size indicated by buffer size field in MAC BSR is an “approximate” value which is an estimation of the data amount in the UE buffer.

Observation 2: There might be potential risk that eNB allocates more than 1000 bits UL grant for Cat-0 UE.

Observation 3: The restriction of buffer size reported in BSR violates the principle of BSR and could not reflect the real amount of data in the UE buffer.
Observation 4: Current BSR MAC CE has a room to provide Cat-0 information before DRBs are setup.

Given the analysis and observations above, we propose
Proposal: The existing ShortBSR MAC CE could be updated to indicate the Cat-0 capability of UE before eNB acquiring the UE capabilities.
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