Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #70bis
Tdoc R2-103569 
Stockholm, Sweden 28th June – 2nd July 2010
Agenda Item:
7.1.3.1
Source: 
Ericsson, ST Ericsson 

Title:  
Details of BSR Handling for CA
Document for:
Discussion, Decision
1 Introduction
At RAN2#70 it was agreed that the range of the current BSR table would not be sufficient when it comes to the high data rates introduced by Carrier Aggregation and MIMO in Rel-10. In this paper, the details of the additional BSR table(s) to be introduced in Rel-10 are discussed. 
2 Multiple BSR tables
As agreed in RAN2#70, one or more additional BSR tables should be introduced for use with high data rates for CA and/or MIMO scenarios. The existing BSR table introduced in Rel-8/9 would still be used for lower data rate scenarios. It seems suitable to keep the BSR format of 6 bits also in Rel-10, mapping those 64 code points either to the existing BSR table or to the new additional one(s).

Proposal 1 The additional BSR tables in Rel-10 shall be 6 bits, just like for Rel-8/9
2.1 BSR table selection
2.1.1 How to know which tables are supported by both UE and eNB
In Rel-10 there will be at least one additional BSR table according to RAN2 agreements, and both the eNB and the UE will need to know which table is used at all times, in order to avoid misinterpretation of the UE buffer status in the eNB. In our view, the Rel-8/9 table shall be used as default, and the permission to use another table shall be configured with RRC in order to ensure backward compatibility of Rel-10 UEs using Rel-8/9 networks. 

Some existing RRC signaling could be used to inform the UE about which BSR table(s) it is allowed to use in addition to the Rel-8/9 table. It would be possible to either signal all additional supported BSR tables or for the eNB to select one. We think that it would be sufficient for the UE to use one additional BSR table at the time. 
Proposal 2 RRC signaling shall be used to inform the Rel-10 UE of which additional BSR table it may use for high data rates. 

2.1.2 How and when to select which BSR table to use 

Another aspect of BSR reporting to consider is the when and how the UE should switch between BSR tables in order to optimize the accuracy of the BSR reporting but while keeping the complexity at a reasonable level.

Option 1 – RRC Configuration
One option would be to use RRC signaling not only to tell the UE which additional BSR table it may use, but also to let the UE know that this table should be used from now on (until receiving another RRC message indicating otherwise). The benefit would be that the existing BSR MAC CEs could then be used to transmit BSR. The drawback of this option is that it provides little flexibility for the UE to adjust the BSR reporting to its actual buffer sizes since the decision of which table to use is always made by the eNB and does thus not consider the actual buffer sizes of the UE. Also, to avoid excessive RRC signaling it would not be possible to change the BSR table too often. 

Option 2 – Implicit table selection
Another option would be to have an implicit selection/toggling of which BSR table to use based on some common knowledge in the UE and the eNB (this would be in addition to Proposal 2). The table selection could for example be made based on the number of configured/active UL CCs and the UL MIMO transmission mode, configurations know to both the UE and the eNB. The benefits of this option would be that there is no impact on signaling and that existing BSR MAC CEs could be used. However, the option requires a well defined trigger used to change the table which is equally known both in the eNB and the UE, and it would not be possible to change the BSR table too often since the changing point is rather static.
Option 3 – Table selection per TTI, based on the largest buffer size
Another option would be to leave the decision of which table to use up to the UE. The UE would then have the flexibility to select for each TTI to report buffer status using either the existing rel-8/9 table or the additional BSR table (as indicated via RRC according to Proposal 2). The UE could then for each TTI decide which table to use; if the buffer size of at least one LCG which is reporting BSR for this TTI exceeds 150 Kbytes, the additional BSR table would be used. Since the UE would only select one BSR table per TTI, the same table would be used for all LCGs reporting BSR in this TTI.
For the eNB to know which table the UE is using in this TTI, one new LCID would need to be introduced per existing BSR type. In other words an Additional Short BSR LCID, an Additional Long BSR LCID and an Additional Padding BRS LCID would be needed. If the Additional BSR table has been selected by the UE for this TTI, the UE would use one of the new Additional BSR LCIDs when creating the BSR.

This solution would allow the UE a bit more flexibility since it may select BSR table based on actual buffer size and it would not require any additional mechanisms or MAC CEs to add new BSR tables. The complexity should not be very high, but three new LCID will be needed and the reported buffer size may have a coarser granularity than needed for the LCGs using the additional table, but which do not exceed 150 Kbytes.
Option 4 – Table selection per LCG per TTI, based on buffer size of the LCG
Another option would be to let the UE decide which BSR table to use not only per TTI, but also per LCG. 

This option would give a good accuracy of the buffer status, since it would be possible to use the existing Rel-8/9 BSR table for the LGCs with a buffer size of less than 150 Kbytes and only use the additional BSR table with coarser granularity for the LCG(s) with a buffer size exceeding 150 Kbytes. With this option it would be also possible to start the additional BSR table at 150 Kbytes instead of zero.
Since the BSR table is selected per LCG, some signaling to inform the eNB of which LCG has used which BSR table will be needed in each TTI when a BSR is reported. Using the LCID to indicate the BSR table as in Option3 would be a problem when reporting the Long BSR as both the Rel-8/9 table and the additional table could be used for different LCGs in the same TTI. Instead, each LCG could report a Short BSR either with the existing Short BSR LCID (indicating that the Rel-8/9 table is being used for this LCG) or with a new Short BSR LCID (indicating that the new BSR table is used for this LCG). Probably the same mechanism would work for the Truncated BSR. This would mean that it must be possible to transmit multiple Short BSRs in the same TTI and also that for each additional BSR table which is added, it would be possible that at least one new LCID is needed, and probably two (to be able to handle also the Truncated BSR for the new table). Allowing multiple short BSRs in Rel-10 instead of one Long BSR would mean some complexity and impact on the MAC specification to introduce multiple Short BSRs and if multiple additional BSR tables should be allowed in each TTI, multiple new LCIDs would be needed each time a new table is added.
Preferred solution

Considering the trade-off between complexity and the accuracy of the reported buffer size, we would prefer Option 3. The reason for this is that it would give the UE the flexibility of selecting the most suitable BSR table for each TTI, while not introducing too much complexity and keeping some control in the eNB to ensure backwards compatibility. Since the same structure and types of BSR MAC CEs would be used (but with different LCIDs) as for Rel-8/9 the impact on the BSR functionality in the specification should only be minor (see analysis in Appendix B). 
Proposal 3 If the UE has been configured with an Additional BSR table and at least one LCG reporting BSR for this TTI has a buffer size exceeding 150 Kbytes, the UE shall use the configured Additional BSR table; otherwise it shall use the Rel-8/9 BSR table. A new LCID in the MAC sub-header of the BSR MAC CE shall be used to indicate that the Additional BSR table is being used chosen. 
2.2 BSR table format and values
The existing BSR table [1] has exponentially distributed buffer size levels which are derived using the same formulas as in HSUPA [2]:
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 and Bmin is the minimum buffer size level, Bmax is the maximum buffer size level, and N is the number of reported buffer size levels (64 minus the ones used for static values). 

If we assume that we have 64 BSR code points also for the new BSR table, the buffer status values could either start from zero but with coarser granularity, or the granularity could be kept by starting the new table at 150 Kbytes. Multiple additional tables could follow the same principle.

Looking at the expected highest data rates for MIMO and CA in Rel-10, we think that a maximum BS value of 3000 Kbytes should be sufficient, at least for Rel-10. Since the lower code points will still have a rather fine granularity even for a table starting at 0 and going up to 3000 Kbytes, we think that one additional BSR table for Rel-10 would be sufficient. 
Proposal 4 Introduce one new BSR table in Rel-10

Proposal 5 Introduce the BSR table in Appendix A in 36.321

3 Conclusion

We propose a mechanism for the UE to select which BSR table to use per TTI, based on the largest buffer size of the LCGs reporting BSR in this TTI. A new BSR table for Rel-10 is also proposed using the same exponential distribution as for the Rel-8/9 BSR table. We ask RAN2 to consider the following proposals:  
Proposal 1
The additional BSR tables in Rel-10 shall be 6 bits, just like for Rel-8/9
Proposal 2
RRC signaling shall be used to inform the Rel-10 UE of which additional BSR table it may use for high data rates.
Proposal 3
If the UE has been configured with an Additional BSR table and at least one LCG reporting BSR for this TTI has a buffer size exceeding 150 Kbytes, the UE shall use the configured Additional BSR table; otherwise it shall use the Rel-8/9 BSR table. A new LCID in the MAC sub-header of the BSR MAC CE shall be used to indicate that the Additional BSR table is being used chosen.
Proposal 4
Introduce one new BSR table in Rel-10
Proposal 5
Introduce the BSR table in Appendix A in 36.321
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Appendix A – Proposed Rel-10 BSR Table
	Index
	Buffer Size (BS) value [bytes]
	Index
	Buffer Size (BS) value [bytes]
	Buffer Size (bytes)

	0
	BS = 0
	32
	4940 < BS <= 6074
	6074

	1
	0 < BS <= 10
	33
	6074 < BS <= 7469
	7469

	2
	10 < BS <= 13
	34
	7469 < BS <= 9185
	9185

	3
	13 < BS <= 16
	35
	9185 < BS <= 11294
	11294

	4
	16 < BS <= 19
	36
	11294 < BS <= 13888
	13888

	5
	19 < BS <= 23
	37
	13888 < BS <= 17077
	17077

	6
	23 < BS <= 29
	38
	17077 < BS <= 20999
	20999

	7
	29 < BS <= 35
	39
	20999 < BS <= 25822
	25822

	8
	35 < BS <= 43
	40
	25822 < BS <= 31752
	31752

	9
	43 < BS <= 53
	41
	31752 < BS <= 39045
	39045

	10
	53 < BS <= 65
	42
	39045 < BS <= 48012
	48012

	11
	65 < BS <= 80
	43
	48012 < BS <= 59039
	59039

	12
	80 < BS <= 98
	44
	59039 < BS <= 72598
	72598

	13
	98 < BS <= 120
	45
	72598 < BS <= 89272
	89272

	14
	120 < BS <= 147
	46
	89272 < BS <= 109774
	109774

	15
	147 < BS <= 181
	47
	109774 < BS <= 134986
	134986

	16
	181 < BS <= 223
	48
	134986 < BS <= 165989
	165989

	17
	223 < BS <= 274
	49
	165989 < BS <= 204111
	204111

	18
	274 < BS <= 337
	50
	204111 < BS <= 250990
	250990

	19
	337 < BS <= 414
	51
	250990 < BS <= 308634
	308634

	20
	414 < BS <= 509
	52
	308634 < BS <= 379519
	379519

	21
	509 < BS <= 625
	53
	379519 < BS <= 466683
	466683

	22
	625 < BS <= 769
	54
	466683 < BS <= 573866
	573866

	23
	769 < BS <= 945
	55
	573866 < BS <= 705666
	705666

	24
	945 < BS <= 1162
	56
	705666 < BS <= 867737
	867737

	25
	1162 < BS <= 1429
	57
	867737 < BS <= 1067031
	1067031

	26
	1429 < BS <= 1757
	58
	1067031 < BS <= 1312097
	1312097

	27
	1757 < BS <= 2161
	59
	1312097 < BS <= 1613447
	1613447

	28
	2161 < BS <= 2657
	60
	1613447 < BS <= 1984009
	1984009

	29
	2657 < BS <= 3267
	61
	1984009 < BS <= 2439678
	2439678

	30
	3267 < BS <= 4017
	62
	2439678 < BS <= 3000000
	3000000

	31
	4017 < BS <=4940
	63
	BS > 3000000
	> 3000000


Appendix B – Analysis of impact on 36.321
[In addition to impact on 36.321 there will be some impact on 36.331 to introduce the BSR table selection in some signal.] 
-----------------   Begin First Change  -------------------------

4.1.1 5.4.5
Buffer Status Reporting

The Buffer Status reporting procedure is used to provide the serving eNB with information about the amount of data  available for transmission in the UL buffers of the UE. RRC controls BSR reporting by configuring the two timers  periodicBSR-Timer and retxBSR-Timer and by, for each logical channel, optionally signalling logicalChannelGroup which allocates the logical channel to an LCG [8].

For the Buffer Status reporting procedure, the UE shall consider all radio bearers which are not suspended and may consider radio bearers which are suspended.

A Buffer Status Report (BSR) shall be triggered if any of the following events occur:

-
UL data, for a logical channel which belongs to a LCG, becomes available for transmission in the RLC entity or in the PDCP entity (the definition of what data shall be considered as available for transmission is specified in [3] and [4] respectively) and either the data belongs to a logical channel with higher priority than the priorities of the logical channels which belong to any LCG and for which data is already available for transmission, or there is no data available for transmission for any of the logical channels which belong to a LCG, in which case the BSR is referred below to as "Regular BSR";

-
UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC control element plus its subheader, in which case the BSR is referred below to as "Padding BSR";

-
retxBSR-Timer expires and the UE has data available for transmission for any of the logical channels which belong to a LCG, in which case the BSR is referred below to as "Regular BSR";

-
periodicBSR-Timer expires, in which case the BSR is referred below to as "Periodic BSR".

For Regular and Periodic BSR:

-
if more than one LCG has data available for transmission in the TTI where the BSR is transmitted: report Long BSR;

-
else report Short BSR.

For Padding BSR:

-
if the number of padding bits is equal to or larger than the size of the Short BSR plus its subheader but smaller than the size of the Long BSR plus its subheader:

-
if more than one LCG has data available for transmission in the TTI where the BSR is transmitted: report Truncated BSR of the LCG with the highest priority logical channel with data available for transmission;

-
else report Short BSR.

-
else if the number of padding bits is equal to or larger than the size of the Long BSR plus its subheader, report Long BSR.

If the Buffer Status reporting procedure determines that at least one BSR has been triggered  and not cancelled:

-
if the UE has UL resources allocated for new transmission for this TTI:

-
instruct the Multiplexing and Assembly procedure to generate a BSR MAC control element;

-
start or restart periodicBSR-Timer except when the BSR is a Truncated BSR;

-
start or restart retxBSR-Timer.

-
else if a Regular BSR has been triggered:

-
if an uplink grant is not configured or the Regular BSR was not triggered due to data becoming available for transmission for a logical channel for which logical channel SR masking (logicalChannelSR-Mask) is setup by upper layers:

-
a Scheduling Request shall be triggered.

If the Buffer Size exceeds 150 Kbytes for at least one LCG reporting BSR in this TTI:

-
if an Additional BSR table is configured/set (by upper layers/RRC)
-
Use Additional BSR MAC CE formats.
-
else use Rel-8/9 BSR MAC CE formats.
A MAC PDU shall contain at most one MAC BSR control element, even when multiple events trigger a BSR by the time a BSR can be transmitted in which case the Regular BSR and the Periodic BSR shall have precedence over the padding BSR.

The UE shall restart retxBSR-Timer upon indication of a grant for transmission of new data on UL-SCH.

All triggered BSRs shall be cancelled in case the UL grant can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC control element plus its subheader. All triggered BSRs shall be cancelled when a BSR is included in a MAC PDU for transmission.
-----------------   End First Change  -------------------------

-----------------   Begin Second Change  -------------------------

4.1.1.1 6.1.3.1
Buffer Status Report MAC Control Elements

Buffer Status Report (BSR) MAC control elements consist of either:

-
Short BSR, Short Additional BSR, Truncated BSR and Truncated Additional BSR format: one LCG ID field and one corresponding Buffer Size field (figure 6.1.3.1-1); or

-
Long BSR and Long Additional BSR format: four Buffer Size fields, corresponding to LCG IDs #0 through #3 (figure 6.1.3.1-2).

The BSR formats are identified by MAC PDU subheaders with LCIDs as specified in table 6.2.1-2.

The fields LCG ID and Buffer Size are defined as follow:

-
LCG ID: The Logical Channel Group ID field identifies the group of logical channel(s) which buffer status is being reported. The length of the field is 2 bits;

-
Buffer Size: The Buffer Size field identifies the total amount of data available across all logical channels of a logical channel group after the MAC PDU has been built. The amount of data is indicated in number of bytes. It shall include all data that is available for transmission in the RLC layer and in the PDCP layer; the definition of what data shall be considered as available for transmission is specified in [3] and [4] respectively.  The size of the RLC and MAC headers are not considered in the buffer size computation. The length of this field is 6 bits. The values taken by the Buffer Size field are shown in Table 6.1.3.1-1. For Additional BSR formats, the Additional BSR table configured by RRC/upper layers shall be used to populate the Buffer Size field. Additional Rel-10 table shown in Table X.X.X.X 
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Figure 6.1.3.1-1: Short BSR, Short Additional BSR, Truncated BSR  and Truncated Additional BSR MAC control element


[image: image4.emf]Buffer Size #0

Buffer 

Size #1

Buffer Size #1 Buffer Size #2

Buffer 

Size #2

Buffer Size #3

Oct 1

Oct 2

Oct 3


Figure 6.1.3.1-2: Long BSR  and Long Additional BSR MAC control element

-----------------   End Second Change  -------------------------

-----------------   Begin Third Change  -------------------------

[Add the Rel-10 BSR table]
-----------------   End Third Change  -------------------------

-----------------   Begin Fourth Change  -------------------------

Table 6.2.1-2 Values of LCID for UL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-11001
	Reserved

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding

	???
	Truncated Additional BSR

	???
	Short Additional BSR

	???
	Long Additional BSR


-----------------   End Fourth Change  -------------------------
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