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1. 
Introduction

This contribution describes some limitation in current L2 parameters value range, particularly for the Total E-DCH Buffer Status (TEBS), and proposes to consider its extension. 
2. 
Discussion
2.1 Current TEBS size limitations 
The Scheduling Information message is represented in Figure 1 (from [1] Fig. 9.2.5.3.2-1, where for each field, the LSB is the rightmost bit in the figure and the MSB is the leftmost bit).
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Figure 1: Scheduling Information format

This contribution focuses on the TEBS (Total E-DCH Buffer Status) field. The TEBS field identifies the total amount of data available across all logical channels for which reporting has been requested by the RRC and indicates the amount of data in number of bytes that is available for transmission and retransmission in RLC layer. If MAC-i/is is configured, it also includes the amount of data that is available for transmission in the MAC-i/is segmentation entity. When MAC is connected to an AM RLC entity, control PDUs to be transmitted and RLC PDUs outside the RLC Tx window shall also be included in the TEBS. RLC PDUs that have been transmitted but not negatively acknowledged by the peer entity shall not be included in the TEBS.
Note: The Highest priority Logical channel Buffer Status (HLBS) is dependent on TEBS; in fact, the HLBS field indicates the amount of data available from the logical channel identified by HLID, relative to the highest value of the buffer size range reported by TEBS when the reported TEBS index is not 31, and relative to 50000 bytes when the reported TEBS index is 31. The length of HLBS is 4 bits. In case the TEBS field is indicating index 0 (0 byte), the HLBS field shall indicate index 0.

The values defined for TEBS are shown in Table 1 (from [1], Table 9.2.5.3.2-1). The HLBS range (few examples from low/upper end) is shown in Table 2 (from [1], Table 9.2.5.3.2-2).
Table 1: TEBS Values

	Index
	TEBS Value (bytes)

	0
	TEBS = 0

	1
	0 < TEBS ≤ 10

	2
	10 < TEBS ≤ 14

	3
	14 < TEBS ≤ 18

	4
	18 < TEBS ≤ 24

	5
	24 < TEBS ≤ 32

	6
	32 < TEBS ≤ 42

	7
	42 < TEBS ≤ 55

	8
	55 < TEBS ≤ 73

	9
	73 < TEBS ≤ 97

	10
	97 < TEBS ≤ 129

	11
	129 < TEBS ≤ 171

	12
	171 < TEBS ≤ 228

	13
	228 < TEBS ≤ 302

	14
	302 < TEBS ≤ 401

	15
	401 < TEBS ≤ 533

	16
	533 < TEBS ≤ 708

	17
	708 < TEBS ≤ 940

	18
	940 < TEBS ≤ 1248

	19
	1248 < TEBS ≤ 1658

	20
	1658 < TEBS ≤ 2202

	21
	2202 < TEBS ≤ 2925

	22
	2925 < TEBS ≤ 3884

	23
	3884 < TEBS ≤ 5160

	24
	5160 < TEBS ≤ 6853

	25
	6853 < TEBS ≤ 9103

	26
	9103 < TEBS ≤ 12092

	27
	12092 < TEBS ≤ 16062

	28
	16062 < TEBS ≤ 21335

	29
	21335 < TEBS ≤ 28339

	30
	28339 < TEBS ≤ 37642

	31
	37642 < TEBS


Table 2: HLBS Values (only few examples shown)
	Index
	HLBS values (%)

	0
	0 < HLBS ≤ 4

	1
	4 < HLBS ≤ 6

	…
	…

	14
	68 < HLBS ≤ 82

	15
	82 < HLBS


As shown in Table 1, the maximum value of TEBS the is 31, which indicates that the total EDCH Buffer Status across all the Logical Channels is greater than 37642 Bytes, with no further granularity. 

Those TEBS values were specified in Release 6, which was for Single Carrier HSUPA with QPSK modulation. Dual Carrier UL and 16QAM modulation, introduced in later releases, allow increased data rates, thus larger buffer occupancy. 

Few example use cases are listed here:

· Use Case 1: UE is doing huge data upload – e.g. very high quality/definition video, may be up to 4 MBytes in RLC buffer;
· Use Case 2: UE is doing medium traffic upload – e.g. low/mid quality video – may be up to 250 KBytes in RLC buffer;
· Use Case 3: UE is doing some background traffic, may be up to 50 KBytes in RLC buffer occasionally.
With the current TEBS value range (*), all the above 3 use cases will result in a max value of TEBS, signalled by the UE, of 31 (and corresponding HLBS). Thus the network cannot distinguish among more granular UL data/buffer requirements to appropriately configure the uplink carrier (or carriers, in multi carrier environment) as well as appropriately configure the grant or the modulation scheme (in dynamic environment).
(*) Note that the current Total RLC AM, MAC-hs and MAC-ehs buffer size is defined up to 5000 Kbytes ([1], [2]), while the max TEBS (31) would result in a max HLBS value of only 50000*82% = 41000 bytes (~ 40 KBytes).

2.2 Optimization proposal

With the expected increase of applications requiring larger Uplink buffer data, the legacy TEBS/HLBS reporting mechanism should be updated, allowing the UE to indicate a finer granularity above 37642 bytes (to be distinguished at the network side).  
While keeping the current 5 bits TEBS size limitation (see Fig. 1), one possible way to add new upper limit values is to replace some of the existing ones (e.g. at the lower/mid end), which may not provide valuable granularity (relatively to other values below/above). One example is shown in table 3, where certain values are suggested for replacement. One alternative (not elaborated further in this paper) would be defining a new reporting mechanism (for the higher TEBS/HLBS values), e.g. either as part of “UL MAC Control Information” or some other new message/IE. 
With regard to new additional higher values, granularity and range can be discussed. 
Two examples are shown in table 4, assuming (as suggested earlier) 7 new values. One considers linear steps of ~100 KBytes, with max TEBS value up to ~700Kbytes. Another approach is to use an exponential increase, more aligned with the previous values distribution; in such case, the max TEBS value could be up to ~300Kbytes. 
The corresponding HLBS relative threshold, in case of TEBS = 31, may be raised to – for example - 1MByte (instead of current 50000 bytes).
In terms of supporting and activating such enhancement (effectively a new TEBS index table), the following is proposed (for discussion):

· One new signalling bit should allow the network to configure/use the new TEBS/HLBS reporting values, as desired/needed (otherwise the legacy values should apply, as default).
· If there is enough infra-vendors’ interest (sufficient to minimize IOT issues) RAN2 could consider such enhancement to be one of those small UE mandatory TEI-12 optimizations. Otherwise, UE support can be optional, in which case the introduction of a RRC signalling bit (capability bit) is needed.
Table 3: Possible TEBS values to be replaced (shown in red)
	Index
	TEBS Value (bytes)

	0
	TEBS = 0

	1
	0 < TEBS ≤ 10

	2
	10 < TEBS ≤ 14

	3
	14 < TEBS ≤ 18

	4
	18 < TEBS ≤ 24

	5
	24 < TEBS ≤ 32

	6
	32 < TEBS ≤ 42

	7
	42 < TEBS ≤ 55

	8
	55 < TEBS ≤ 73

	9
	73 < TEBS ≤ 97

	10
	97 < TEBS ≤ 129

	11
	129 < TEBS ≤ 171

	12
	171 < TEBS ≤ 228

	13
	228 < TEBS ≤ 302

	14
	302 < TEBS ≤ 401

	15
	401 < TEBS ≤ 533

	16
	533 < TEBS ≤ 708

	17
	708 < TEBS ≤ 940

	18
	940 < TEBS ≤ 1248

	19
	1248 < TEBS ≤ 1658

	20
	1658 < TEBS ≤ 2202

	21
	2202 < TEBS ≤ 2925

	22
	2925 < TEBS ≤ 3884

	23
	3884 < TEBS ≤ 5160

	24
	5160 < TEBS ≤ 6853

	25
	6853 < TEBS ≤ 9103

	26
	9103 < TEBS ≤ 12092

	27
	12092 < TEBS ≤ 16062

	28
	16062 < TEBS ≤ 21335

	29
	21335 < TEBS ≤ 28339

	30
	28339 < TEBS ≤ 37642

	31
	37642 < TEBS


Table 4: Example of new TEBS values (adding 7 higher values, as shown in red)
	Index
	TEBS Value (bytes)
Linear increase
	TEBS Value (bytes)
Exponential increase

	0
	TEBS = 0
	TEBS = 0

	1
	0 < TEBS ≤ 10
	0 < TEBS ≤ 10

	2
	10 < TEBS ≤ 24
	10 < TEBS ≤ 24

	3
	24 < TEBS ≤ 42
	24 < TEBS ≤ 42

	4
	42 < TEBS ≤ 73
	42 < TEBS ≤ 73

	5
	73 < TEBS ≤ 129
	73 < TEBS ≤ 129

	6
	129 < TEBS ≤ 228
	129 < TEBS ≤ 228

	7
	228 < TEBS ≤ 401
	228 < TEBS ≤ 401

	8
	401 < TEBS ≤ 533
	401 < TEBS ≤ 533

	9
	533 < TEBS ≤ 708
	533 < TEBS ≤ 708

	10
	708 < TEBS ≤ 940
	708 < TEBS ≤ 940

	11
	940 < TEBS ≤ 1248
	940 < TEBS ≤ 1248

	12
	1248 < TEBS ≤ 1658
	1248 < TEBS ≤ 1658

	13
	1658 < TEBS ≤ 2202
	1658 < TEBS ≤ 2202

	14
	2202 < TEBS ≤ 2925
	2202 < TEBS ≤ 2925

	15
	2925 < TEBS ≤ 3884
	2925 < TEBS ≤ 3884

	16
	3884 < TEBS ≤ 5160
	3884 < TEBS ≤ 5160

	17
	5160 < TEBS ≤ 6853
	5160 < TEBS ≤ 6853

	18
	6853 < TEBS ≤ 9103
	6853 < TEBS ≤ 9103

	19
	9103 < TEBS ≤ 12092
	9103 < TEBS ≤ 12092

	20
	12092 < TEBS ≤ 16062
	12092 < TEBS ≤ 16062

	21
	16062 < TEBS ≤ 21335
	16062 < TEBS ≤ 21335

	22
	21335 < TEBS ≤ 28339
	21335 < TEBS ≤ 28339

	23
	28339 < TEBS ≤ 37642
	28339 < TEBS ≤ 37642

	24
	37642 < TEBS < 100k
	37642 < TEBS < 50000

	25
	100k < TEBS < 200k
	50000 < TEBS < 66415

	26
	200k < TEBS < 300k
	66415 < TEBS < 88219

	27
	300k < TEBS < 400k
	88219 < TEBS < 117181

	28
	400k < TEBS < 500k
	117181 < TEBS < 155652

	29
	500k < TEBS < 600k
	155652 < TEBS < 206752

	30
	600k < TEBS < 700k
	206752 < TEBS < 274629

	31
	700k < TEBS
	274629 < TEBS


3. 
Conclusion

The following is proposed to RAN2:
Proposal 1: Consider extending the TEBS/HLBS upper limits to provide a more efficient scheduling in case of large UL-buffer type of applications. One option is to define a new TEBS Index/values table.
Proposal 2: Consider the enhancement as part of Rel-12, adding one signalling bit in DL RRC configuration messages allowing the network to activate (or not) the enhancement based on support/need. If RAN2 preference is for optional UE support, a UL RRC signalling/capability bit would also be needed.
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