
3GPP TSG-RAN WG2 Meeting #79
Tdoc R2-124104
Qingdao, China, 13th - 17th August, 2012
Agenda Item:
6
Source: 
Intel Corporation
Title:
Correction to MAC Padding
Document for:
Discussion and decision
1.
Introduction
We have spotted an inconsistency between the test case 7.1.4.10 on MAC padding as specified in TS 36.523-1 [1] and what is currently specified in subclause 6.1.2 in TS 36.321 [2]. In detail, in the current version of the MAC specification the location of Padding Sub-Headers corresponding to single-byte or two-byte padding is ambiguous, and leaves room for misinterpetation as observed in the TC 7.1.4.10 on MAC padding.
In the following we are addressing the ambiguities on the location of Padding Sub-Headers corresponding to single-byte or two-byte padding in more detail. Furthermore, to remove the ambiguities in the MAC specification we are suggesting some corrections from Rel-10 onwards as provided in the CRs in [3], [4].
2.
Discussion
As specified in [1] the test purpose of TC 7.1.4.10 on MAC padding is:
(1) UE is to transmit a MAC PDU with padding exceeding 2 bytes, and padding goes to the end of the MAC PDU.        ->STEP 5 in test procedure sequence.
(2) UE is to transmit a MAC PDU with single-byte padding and there is a data MAC PDU sub-header present, and UE is inserting padding MAC PDU subheader before any other MAC PDU sub-header. ->STEP 9 in test procedure sequence.
(3) UE is to transmit a MAC PDU with two-byte padding and there is a data MAC PDU sub-header, and UE is inserting two padding MAC PDU subheaders before any other MAC PDU sub-header or one padding MAC PDU subheader as a last MAC PDU subheader.  ->STEP 13 in test procedure sequence.
(4) UE is to transmit a MAC PDU with single-byte padding and there is no data MAC PDU sub-header but a MAC Control element is present, and UE is inserting a padding MAC PDU subheader before any other MAC PDU sub-header. ->STEP 19A in test procedure sequence.
And in addition:

(5) UE is to transmit a MAC PDU with padding and a MAC Control element is present, and UE is inserting a padding MAC PDU subheader after the control MAC PDU sub-header or two padding MAC PDU subheaders before any other MAC PDU sub-header. ->STEP 18 in test procedure sequence.
In Figure 1exemplary MAC PDU structures are depicted. In this context in Figure 1 the following abbreviations are used:

· “0P” = No padding

· “1P” = Single-byte padding

· “2P” = Two-byte padding

· “>2P” = Padding exceeding 2 bytes

· “SUB-P” = Padding MAC PDU subheader
· “SUB-D” =  Data MAC PDU subheader

·  “SUB-C” = Control MAC PDU subheader
· “SUB-D, 1 LI” = Data MAC PDU subheader with 7 bits L field 

· “SUB-D, 2 LI” = Data MAC PDU subheader with 15 bits L field
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Figure 1: Exemplary MAC PDU structures
Referring to Figure 1 our observation wrt the TC 7.1.4.10 on MAC padding is as follows:
· While for test procedure sequence STEP 13 or 18 two variants are allowed, the second variant for test procedure sequence STEP 19A is missing.

In our opinion the reason for the ambiguities how the “single-byte or two-byte padding” may be applied is originated from the fact that with the 36.321 CR 0324 in [5] the original rules for the location of “padding MAC PDU sub-header” when single-byte or two-byte padding is required:
“
Padding occurs at the end of the MAC PDU, except when single-byte or two-byte padding is required but cannot be achieved by padding at the end of the MAC PDU. Padding may have any value and the UE shall ignore it.

When single-byte or two-byte padding is required but cannot be achieved by padding at the end of the MAC PDU, one or two MAC PDU sub-headers corresponding to padding are inserted before the first MAC PDU subheader corresponding to a MAC SDU; or if such subheader is not present, before the last MAC PDU subheader corresponding to a MAC control element.”

was changed to the simple rule to always place it on the very beginning of the MAC PDU:

“Padding occurs at the end of the MAC PDU, except when single-byte or two-byte padding is required. Padding may have any value and the UE shall ignore it.

When single-byte or two-byte padding is required, one or two MAC PDU sub-headers corresponding to padding are placed at the beginning of the MAC PDU before any other MAC PDU subheader.
 “
However also the condition “but cannot be achieved by padding at the end of the MAC PDU” was removed in sub-clause 6.1.2 but not in 6.2.1 wrt the description of LCID field.
The current text might in subclause 6.1.2 now may be misinterpreted in such a manner, that “single-byte or two-byte padding is required” is interpreted as a stand alone condition, which leads to the assumption that whenever two octets need to be filled with padding this would need to be done by adding “padding MAC PDU sub-header” at the very beginning of the MAC PDU.
However the exception should only be applied “when single-byte or two-byte padding is required but cannot be achieved by padding at the end of the MAC PDU”, which is only the case if due to the truncation of the length octet(s) of the last sub-header corresponding to a MAC SDU the “padding MAC PDU sub-header” needs to be placed at the very beginning. This is required, as if the “padding MAC PDU sub-header” would be placed as last sub-header, it is then not possible to truncate the length fields of the sub-header corresponding to the MAC SDU (see e.g. test procedure sequence STEP 9, SINGLE_BYTE_15, and TWO_BYTE_15, in Figure 1 above). 
If there is no MAC SDU but only MAC control elements, there is no need for placing the “padding MAC PDU sub-header” at the beginning of the MAC-PDU before any other MAC PDU subheader, as the “padding MAC PDU sub-header” could always be placed as last sub-header before the MAC Control Element. If there is no space for the padding octet corresponding to the “padding MAC PDU sub-header” in the MAC PDU, it is allowed to skip the padding octet (see e.g. test procedure sequence STEP 19a Variant 2 in Figure 1 above): 
“When padding is performed at the end of the MAC PDU, zero or more padding bytes are allowed”.
The example ONE_PADDING_15 in Figure 1 above also proves that the condition ““when single-byte or two-byte padding is required” may not by interpreted as as a stand alone condition, as then two leading “padding MAC PDU sub-header” would need to be used but the remaining two octets could not be padded at all.
3.
Conclusion
The contribution has highlighted ambiguities how the “single-byte or two-byte padding” may be applied. These ambiguities are also reflected by possible allowed coding variants in TS 36. 523-1, 7.1.4.10 test case definition. While for test procedure sequence STEP 18 two variants are allowed, the second variant for test procedure sequence STEP 19A is missing. This should be aligned and also for STEP 19A the second variant here with the “padding MAC PDU sub-header” placed as last sub-header correesponding to a “zero padding” octet should be added.
We would like to ask RAN2 to discuss the outlined ambiguities and provide guidance to RAN5. 
Further we would suggest RAN2 to discuss whether the current ambiguities should be clarified in the future in order to only allow one encoding variant for all possible MAC PDU structures with padding. Here also the backwards compatibility to legacy implementations at the receiver side needs to be considered.
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Annex
Reference: TS 36.523-1 V10.10 (2012-06):

7.1.4.10
MAC padding

7.1.4.10.1
Test Purpose (TP)
(1)

with { UE in E-UTRA RRC_CONNECTED state }

ensure that {

  when { UE is to transmit a MAC PDU with padding exceeding 2 bytes }

    then { Padding goes to the end of the MAC PDU }

            }

(2)

with { UE in E-UTRA RRC_CONNECTED state }

ensure that {

  when { UE is to transmit a MAC PDU with single-byte padding and there is a data MAC PDU sub-header present }

    then { UE is inserting padding MAC PDU subheader before any other MAC PDU sub-header }

            }

(3)

with { UE in E-UTRA RRC_CONNECTED state }

ensure that {

  when { UE is to transmit a MAC PDU with two-byte padding and there is a data MAC PDU sub-header }

    then { UE is inserting two padding MAC PDU subheaders before any other MAC PDU sub-header or one padding MAC PDU subheader as a last MAC PDU subheader }

            }

(4)

with { UE in E-UTRA RRC_CONNECTED state }

ensure that {

  when { UE is to transmit a MAC PDU with single-byte padding and there is no data MAC PDU sub-header but a MAC Control element is present }

    then { UE is inserting a padding MAC PDU subheader before any other MAC PDU sub-header }

            }

7.1.4.10.2
Conformance requirements

References: The conformance requirements covered in the current TC are specified in TS 36.321, clause 6.1.2.

[TS 36.321 clause 6.1.2]

Padding occurs at the end of the MAC PDU, except when single-byte or two-byte padding is required. Padding may have any value and the UE shall ignore it. When padding is performed at the end of the MAC PDU, zero or more padding bytes are allowed.

When single-byte or two-byte padding is required, one or two MAC PDU subheaders corresponding to padding are placed at the beginning of the MAC PDU before any other MAC PDU subheader.

A maximum of one MAC PDU can be transmitted per TB per UE.
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Figure 6.1.2-3: Example of MAC PDU consisting of MAC header, MAC control elements, MAC SDUs and padding

7.1.4.10.3
Test description

7.1.4.10.3.1
Pre-test conditions

System Simulator:

-
Cell 1

UE:

None.

Preamble:

-
The UE is in state Loopback Activated (state 4) according to [18].

7.1.4.10.3.2
Test procedure sequence

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	1
	The SS ignores scheduling requests and does not allocate any uplink grant.
	-
	-
	-
	-

	2
	The SS transmits a MAC PDU with 10 bytes MAC SDU.
	<--
	MAC PDU(AMD PDU)
	-
	-

	3
	The UE transmits a Scheduling Request on PUCCH.
	-
	(SR)
	-
	-

	4
	The SS transmits an uplink grant of size 176 bits. (Note 1)
	<--
	(UL grant)
	-
	-

	5
	Check: Does the UE transmit a MAC PDU with a MAC SDU of length 10 bytes and where the last MAC sub-header has the Extension field ‘E’  set to ‘0’ and the Logical Channel ID field ‘LCID’ set to ‘11111’?
	-->
	MAC PDU (
BSR sub-header, 
MAC SDU sub-header, 
Padding MAC sub-header (E=’0’, LCID=’11111’),
Short BSR, 
MAC SDU, 
padding)
	1
	P

	6
	The SS transmits a MAC PDU with 13 bytes MAC SDU.
	<--
	MAC PDU(AMD PDU)
	-
	-

	7
	The UE transmits a Scheduling Request on PUCCH.
	-
	(SR)
	-
	-

	8
	The SS transmits an uplink grant of size 120 bits. (Note 2)
	<--
	(UL grant)
	-
	-

	9
	Check: Does the UE transmit a MAC PDU with a MAC SDU of length 13 bytes and with a padding MAC sub-header, with Extension field ‘E’ is set to ‘1’ and the Logical Channel ID field ‘LCID’ is set to ‘11111’, inserted before the MAC SDU sub-header?
	-->
	MAC PDU (
Padding MAC-sub-header (E=’1’, LCID=’11111’), 
MAC SDU sub-header, 
MAC SDU)
	2
	P

	10
	The SS transmits a MAC PDU with 10 bytes MAC SDU.
	<--
	MAC PDU (AMD PDU)
	-
	-

	11
	The UE transmits a Scheduling Request on PUCCH.
	-
	(SR)
	-
	-

	12
	The SS transmits an uplink grant of size 120 bits. (Note 3)
	<--
	(UL grant)
	-
	-

	13
	Check: Does the UE transmit a MAC PDU with two padding MAC sub-headers, with Extension field ‘E’ is set to ‘1’ and the Logical Channel ID field ‘LCID’ is set to ‘11111’, inserted before the BSR sub-header and the MAC SDU sub-header Or a MAC PDU with BSR sub-header with Extension field ‘E’ is set to ‘1’ and MAC SDU sub-header (R/R/E/LCID/F/L) inserted before the Padding MAC sub-header?
	-->
	MAC PDU (
Padding MAC-sub-header#1 (E=’1’, LCID=’11111’), 
Padding MAC-sub-header#2 (E=’1’, LCID=’11111’), 
BSR sub-header, 
MAC SDU sub-header, 
BSR, 
MAC-SDU) 

Or

MAC PDU(
BSR sub-header, 
MAC SDU sub-header, 
Padding MAC-sub-header(E=’0’, LCID=’11111’), 
BSR, 
MAC-SDU)
	3
	P

	14
	The SS transmits a Timing Advance command and does not send any subsequent timing alignments. Start Timer_T1 = Time Alignment timer value on SS.
	<--
	MAC PDU 
(Timing Advance Command) 
	-
	-

	15
	40 to 50 TTI before Timer_T1 expires the SS transmits a MAC PDU containing an RLC AMD PDU.
	<--
	MAC PDU (AMD PDU)
	-
	-

	16
	The SS ignores scheduling requests and waits until the UE transmits a preamble on PRACH.
	-->
	(PRACH preamble)
	-
	-

	17
	The SS transmits a Random Access Response, with an UL Grant of 56-bits. (Note 4)
	<--
	Random Access Response
	-
	-

	18
	The UE transmits a Control sub-header (8-bits) and a C-RNTI MAC Control Element (16-bits).
	-->
	MAC PDU (
MAC Control sub-header, 
Padding MAC sub-header (E=’0’, LCID=’11111’), 
C-RNTI control element, 
padding) 

Or

MAC PDU (
Padding MAC sub-header , Padding MAC sub-header, 
MAC Control sub-header, 
C-RNTI control element)
	-
	-

	19
	The SS transmits an UL grant of 24 bits.

(Note 5)
	<--
	(UL grant)
	-
	-

	19A
	Check: Does the UE transmit a MAC PDU with a padding MAC sub header with Extension field ‘E’ is set to ‘1’ and ‘LCID’ field set to ‘11111’ (8-bits) inserted before a BSR sub-header (8bits) and a short BSR (8 bits)

Variant 2 is currently not supported in the TC:

a MAC PDU with a padding MAC sub header with Extension field ‘E’ is set to ‘1’ and ‘LCID’ field set to ‘11111’ (8-bits) inserted after a BSR sub-header (8bits) and before a short BSR (8 bits)

	-->
	MAC PDU (
Padding MAC-sub-header (E=’1’, LCID=’11111’), 
BSR sub-header, 
short BSR)

Variant 2 is currently not supported in the TC:

MAC PDU (
BSR sub-header, 
Padding MAC-sub-header (E=’1’, LCID=’11111’), 
short BSR)
	4
	P

	20
	The SS transmits an uplink grant enabling UE to transmit loop back PDU.
	<--
	(UL grant)
	-
	-

	21
	The UE transmits Loop back PDU.
	-->
	MAC PDU(AMD PDU) 
	-
	-

	Note 1:
UL grant of 176 bits (ITBS=3, NPRB=3, see TS 36.213 Table 7.1.7.2.1-1) is chosen such that the MAC PDU padding will be larger than 2 bytes. RLC SDU size is 8 bytes, size of AMD PDU header is 2 bytes, size of MAC header is 4 bytes (2 bytes for MAC SDU sub-header using 7-bit LI, 1 byte for BSR sub-header and 1 byte for padding MAC sub-header) and size of Short BSR is 1 byte, equals to 120 bits (15 bytes) and resulting into 56 bits padding.

Note 2:
UL grant of 120 bits (ITBS=0, NPRB=5, see TS 36.213 Table 7.1.7.2.1-1) is chosen such that the MAC PDU padding will be a single byte. RLC SDU size is 11 bytes, size of AMD PDU header is 2 bytes and size of MAC header is 1 byte for MAC SDU sub-header, equals to 112 bits (14 bytes) and resulting into 1 single byte padding.

Note 3:
UL grant of 120 bits (ITBS=0, NPRB=5, see TS 36.213 Table 7.1.7.2.1-1) is chosen such that the MAC PDU padding will be equal to 2 bytes. RLC SDU size is 8 bytes, size of AMD PDU header is 2 bytes, size of MAC header is 4 bytes (1 bytes for MAC SDU sub-header, 1 byte for Short BSR sub-header and 2 bytes for padding MAC sub-header) and size of Short BSR is 1 byte, equals to 120 bits (15 bytes) and resulting no padding at the end of the MAC PDU.

Note 4:
UL grant of 56 bits (ITBS=0, NPRB=3, see TS 36.213 Table 7.1.7.2.1-1) is as 36.321 clause 5.1.4 states that the eNB should not provide a grant smaller than 56 bits in the Random Access Response.

Note 5:
UL grant of 24 bits (ITBS=1, NPRB=1, see TS 36.213 Table 7.1.7.2.1-1) is chosen such that the MAC PDU padding will be equal to a single byte.


7.1.4.10.3.3
Specific Message Contents

None.
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