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EMSR LLC PDU Transition Cases
1. Introduction

During the course of EMSR discussion at GERAN2 #43bis there were some questions regarding the details of how the transition from LLC PDUs associated with different PFCs would work within the context of a single RLC entity. This discussion paper addresses these transition cases in more detail specifically for the case where different TFIs have been allocated to different PFCs as per the EMSR feature.

2. Transition from a Lower Priority to a Higher Priority LLC PDU
When the transmission of a lower priority LLC is in progress and a higher priority LLC PDU becomes available then the following scenarios may occur for any given RLC entity where up to two RLC data blocks can be sent within a single RLC/MAC block (i.e. for an EGPRS TBF):

· Case 1: The remaining payload for the current lower priority LLC PDU requires more space than what can be provided by the current RLC/MAC block. In this case the transmitting endpoint simply completes the transmission of the current RLC/MAC block and the higher priority LLC PDU is started in the next transmitted RLC/MAC block.
· Case 2: The remaining payload for the current lower priority LLC PDU requires less space than what can be provided by the current RLC/MAC block. In this case the remainder of the current LLC PDU may be completed in either the 1st or 2nd RLC data block. Regardless of where it is completed, its last octet will be followed by LI = 125 along with an octet containing the TFI associated with the higher priority LLC PDU after which the higher priority LLC PDU is then started.

As an example of the second case above, the lower priority LLC PDU may be completed in the 1st RLC data block in which case the higher priority LLC PDU is also started in the 1st RLC data block. 
· If the higher priority LLC PDU is completed in the 2nd RLC data block (i.e. within the same RLC/MAC block in which it was started) then once again the LI = 125 mechanism will be used to allow a transition back to the transmission of a lower priority LLC PDU (if available).

· It should be noted that the LI = 125 mechanism allows for an open ended number of transitions between LLC PDUs associated with different TFIs and as such it is also fully applicable to EGPRS2 where up to 4 RLC data blocks may be present within a single RLC/MAC block.

3. Transition from a Higher Priority to a Lower Priority LLC PDU

The transmission of a higher priority LLC may be completed within the context of any given RLC entity where up to two RLC data blocks can be sent within a single RLC/MAC block (i.e. for an EGPRS TBF). 

· In this case the remainder of the higher priority LLC PDU may be completed in either the 1st or 2nd RLC data block. 

· Regardless of where it is completed, its last octet will be followed by LI = 125 along with the TFI associated with a lower priority LLC PDU (if available) and the lower priority LLC PDU is then started.

· Once again, the LI = 125 mechanism allows for an open ended number of transitions between LLC PDUs associated with different TFIs and as such it is also fully applicable to EGPRS2 where up to 4 RLC data blocks may be present within a single RLC/MAC block.

4. Conclusion
The discussion above clarifies that the EMSR feature supports full flexibility of LLC PDUs in that its associated LI = 125 mechanism allows for an open ended number of transitions between LLC PDUs associated with different TFIs for EGPRS and EGPRS2 TBFs.

Annex A – Informational Extracts from 44.4060

10.0a.2
EGPRS RLC/MAC block for data transfer

The RLC/MAC block for EGPRS data transfer with FANR not activated consists of a combined RLC/MAC header and one or two RLC data blocks.

	RLC/MAC block

	RLC/MAC header
	RLC data block 1
	RLC data block 2 (conditional)


Figure 10.0a.2.1: RLC/MAC block structure for EGPRS data transfer (FANR not activated)
The RLC/MAC block for EGPRS data transfer with FANR activated consists of a combined RLC/MAC header, an optional PAN field and one or two RLC data blocks.

	RLC/MAC block

	RLC/MAC header
	RLC data block 1
	RLC data block 2 (conditional)
	PAN
(optional)


Figure 10.0a.2.2: RLC/MAC block structure for EGPRS data transfer (FANR activated)

10.3a.0
General

The EGPRS RLC data block consists of a FBI (downlink) or TI (uplink) field and an E field followed by an EGPRS RLC data unit The EGPRS RLC data unit is a sequence of N2 octets that are numbered from 1 to N2.

NOTE:
The octets of an EGPRS RLC data unit are not necessarily aligned with the octets of the RLC/MAC block. An octet of the EGPRS RLC data unit may thus span across the boundary between two consecutive octets of the RLC/MAC block.

The RLC/MAC block format convention of sub-clause 10.0b for EGPRS applies when the components of the EGPRS RLC data block are assembled into the RLC/MAC block.

	E
	FBI/TI
	EGPRS RLC data unit


Figure 10.3a.0.1: Components of the EGPRS RLC data block
10.3a.1
EGPRS downlink RLC data block
The EGPRS downlink RLC data blocks are formatted according to figure 10.3a.1.1. 
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NOTE:
If padding is used, then "Octet 1" shall be replaced by "Octet 7", see example in annex J.

Figure 10.3a.1.1: EGPRS downlink RLC data block

10.3a.2
EGPRS Uplink RLC data block

The EGPRS uplink RLC data block are formatted according to figure 10.3a.2.1.
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NOTE 1:
If padding is used, then "Octet 1" shall be replaced by "Octet 7", see example in annex J.

NOTE 2:
The field mapping convention for EGPRS (sub-clause 10.0b.3.2) applies. According to that, in particular regarding the TLLI field, the least significant byte of the TLLI value shall be mapped on octet M+1 and the most significant byte of the TLLI value shall be mapped on octet M+4 of the uplink EGPRS RLC data block.

Figure 10.3a.2.1: Uplink EGPRS RLC data block

10.3a.3
EGPRS Downlink RLC/MAC header
10.3a.3.1
Header type 1: header for MCS-7, MCS-8 and MCS-9

For an EGPRS TBF without FANR activated, the EGPRS combined downlink RLC/MAC header for MCS‑7, MCS‑8 and MCS‑9 (header type 1) shall be formatted according to figure 10.3a.3.1.1.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	BSN2
	BSN1
	4

	CPS
	BSN2
	5


Figure 10.3a.3.1.1: EGPRS downlink RLC data block header (FANR not activated)
for MCS-7, MCS-8 and MCS-9

10.3a.4
EGPRS Uplink RLC/MAC header
10.3a.4.1
Header type 1: header for MCS-7, MCS-8 and MCS-9

The EGPRS combined uplink RLC/MAC header for MCS‑7, MCS‑8 and MCS‑9 (header type 1) shall be formatted according to figure 10.3a.4.1.1.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	BSN1
	3

	BSN2
	4

	Spare
	PI
	RSB
	CPS
	5

	
	
	Spare
	6


Figure 10.3a.4.1.1: EGPRS uplink RLC data block header (FANR not activated)
for MCS-7, MCS-8 and MCS-9.

10.4.14a
Length Indicator (LI) field in EGPRS TBF mode and TCH TBF mode (Iu mode)

The Length indicator is used to delimit Upper Layer PDUs within the RLC data block. Additionally for Iu mode, a Length Indicator of value 127 may be used to indicate the presence of filler information within the RLC data block. If the first length indicator in the RLC data block is set to 127, then the entire RLC data block contains filler information.

The first Length Indicator shall indicate the number of octets of the RLC data field belonging to the first Upper Layer PDU, the second Length Indicator shall indicate the number of octets of the RLC data field belonging to the second Upper Layer PDU, etc. Only the last segment of any Upper Layer PDU, including those with only one segment, shall be identified with a Length Indicator. The length indicator shall be placed in the RLC data block corresponding to the last segment of the Upper Layer PDU, unless the Upper Layer PDU without the corresponding LI field fills the RLC data block precisely. In that case, the Length Indicator shall be placed as the first Length Indicator in the next in sequence RLC data block and take the value 0.

If the Upper Layer PDU does not fill the current RLC data block, a Length Indicator with value 127 (111 1111) shall be included as the last Length Indicator of the current RLC data block, indicating that there is no following Upper Layer PDU in this RLC data block. If the Upper Layer PDU does not fill the RLC data block and there is only one octet left, then the Length Indicator corresponding to the Upper Layer PDU is the last Length Indicator field that shall be included in the RLC data block. 

During RLC non-persistent mode of operation, or, during RLC unacknowledged mode of operation if the network has commanded the usage of "Indication of Upper Layer PDU Start for RLC UM” for the TBF, and if the current RLC data block starts with the first segment of a new Upper Layer PDU, then a Length Indicator taking the value 126 shall be placed as the first Length Indicator in the RLC data block unless a Length Indicator with the value 0, signalling that the last segment of the previous Upper Layer PDU precisely fills the previous in sequence RLC data block, shall be included.

The final RLC data block of a TBF shall have a Length Indicator field corresponding to the final Upper Layer PDU unless the final Upper Layer PDU fills the RLC data block precisely. If the final Upper Layer PDU fills the final RLC data block precisely, the final Upper Layer PDU shall be sent without a corresponding Length Indicator field.

The Length Indicator field is 7 bits in length and shall be encoded as a binary number. The valid values are the values ranging from 0 to 74 for an EGPRS TBF, an EGPRS2-A uplink TBF or an EGPRS2-B TBF, from 0 to 82 for an EGPRS2-A downlink TBF, from 0 to 103 in TCH TBF mode (Iu mode), and the values 126 to 127. All other values are reserved. A mobile station detecting a reserved Length Indicator value or an inconsistent encoding of the Length Indicator and E fields shall ignore the RLC data block.

The interpretation of the value contained in the length indicator with corresponding E bit is summarized in table 10.4.14a.1 and some examples are shown in annex B.

Table 10.4.14a.1: Interpretation of values of LI field and E bit

	Value of LI in a RLC data block
	Value of E bit in the same octet
	Interpretation 

	k-th LI (k>0 integer): 

0< value <75 (EGPRS except EGPRS2-A downlink)

0< value <83 (EGPRS2-A downlink) 

0< value <104 (TCH)
	
	The value of the k-th LI is the number of octets of the k-th Upper Layer PDU, or the last segment of it, in the current RLC data block.

	
	0
	There is at least one Upper Layer PDU following the k-th Upper Layer PDU in the current RLC data block.

	
	1
	There is no more than one Upper Layer PDU following the k-th Upper Layer PDU in the current RLC data block.

	1st LI: value =0
	0
	The last Upper Layer PDU of the previous in sequence RLC data block ends at the boundary of that RLC data block and it has no LI in the header of that RLC data block. Thus the current RLC data block contains the first segment of all included Upper Layer PDUs.

	1st LI: value = 126
	0
	The current RLC data block contains the first segment of all included Upper Layer PDUs.

	k-th LI (k>1 integer): 

0< value <75 (EGPRS except EGPRS2-A downlink)

0< value <83 (EGPRS2-A downlink) 

0< value <104 (TCH)
	
	The k-th LI contains the number of octets of the (k-1)-th Upper Layer PDU in the current RLC data block.

	
	0
	There is at least one Upper Layer PDU following the (k-1)-th Upper Layer PDU in the current RLC data block.

	
	1
	There is no more than one Upper Layer PDU following the (k-1)-th Upper Layer PDU in the current RLC data block.

	k-th LI: value=127
	1
	The octets between the end of the Upper Layer PDU indicated by the (k-1)-th LI and the end of the current RLC data block are filling octets.

	1st LI: value=0
	1
	The previous RLC data block contains a Upper Layer PDU, or a part of it, that fills precisely the previous data block and for which there is no length indicator in that RLC data block. The current RLC data block contains a Upper Layer PDU that either fills the current RLC data block precisely or continues in the next RLC data blcok.

	1st LI: value = 126
	1
	The current RLC data block contains the first segment of an Upper Layer PDU that either fills the current RLC data block precisely or continues in the next RLC data block.

	1st LI: value=127

(Iu mode only)
	1
	All octets of the RLC Data block contain filling information.

	No LI field present
	n.a.
	The Upper Layer PDU that starts with the current RLC data block either fills the current RLC data block precisely or continues in the following in-sequence RLC data block


