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Reason for change:
In the language of mathematics a  space cannot be defined by a single  parameter. Therefore,  the sequence number space (SNS) as being  used throughout 04.60,  is not a space, rather a number giving the size of a space.  The actual space, the size of which being indicated by SNS, is a group, in which  modulo operation,  protocol window and index inequalities are defined for block sequence number.  This definition is, however, never given explicitly in 04.60,  which causes  inconsistency and makes the specs hard to undersand.






Summary of change:
1. Definitions of SNS and WS  are added (without changing the meaning)

2. Explanation of order, window and modulo operation within the finite additve group of size SNS is given in an annex, replacing multiple partial implicit definitions

3. Changes to text are added, whenever consitent usage and clear interpretation of  window variables  require.

 




Consequences if not approved:
In creased probability of mistakes in the future CRs regarding RLC protocol due to the absence of a common mathematical framework for modulo operation with RLC block index.




Clauses affected:
9,  9.1.2,  9.1.5,  9.1.6,  9.1.8.1, 10.4.1.2, 12, K
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Other comments:
The rules introduced in this CR will be consistenly applied to other CR322-340, whenever relations involving RLC blocks appear.

Comprehensive information and tips about how to create CRs can be found at: http://www.3gpp.org/3G_Specs/CRs.htm.

9
Radio Link Control (RLC) procedures in packet transfer mode

The RLC function is responsible for:

-
Interface primitives allowing the transfer of Logical Link Control layer PDUs (LLC PDU) between the LLC layer and the MAC function.

-
Segmentation of LLC PDUs into RLC data blocks and re-assembly of RLC data blocks into LLC PDU.

-
Segmentation of RLC/MAC control messages into RLC/MAC control blocks and re-assembly of RLC/MAC control messages from RLC/MAC control blocks.

-
Backward Error Correction (BEC) procedures enabling the selective retransmission of RLC data blocks.

In this clause Packet Ack/Nack refers to any of the following messages:

-
PACKET DOWNLINK ACK/NACK or EGPRS PACKET DOWNLINK ACK/NACK

-
PACKET UPLINK ACK/NACK

In this clause PACKET DOWNLINK ACK/NACK also refers to EGPRS PACKET DOWNLINK ACK/NACK, unless anything else is stated.

Additionally the following definitions apply:

-
Sequence Number Space (SNS) is  the number of elements of finite group {0,1,2,…,SNS-1}, where each element refers  to the index of an RLC block.    SNS=2048 in EGPRS, and  SNS= 128 in GPRS 

-
Window Size (WS) is  the number of  blocks within a  finite sequence of RLC blocks that are associated with a particular TBF and  analyzed for correct reception at a given time point. The first and the last blocks of this sequence of RLC blocks determine uniquely a transmit/receive window, which is a subset of {0,1,2,…SNS-1}.  The positive number  WS  sets the maximum length of the transmit window and receive window of the RLC protocol : it takes value from  64 to 1024 in EGPRSand has a fixed value of  64 in GPRS 

9.1
Procedures and parameters for peer-to-peer operation

A TBF is comprised of two peer entities, which are the RLC endpoints. Each RLC endpoint has a receiver that receives RLC/MAC blocks. Each RLC endpoint also has a transmitter that transmits RLC/MAC blocks.

Each endpoint’s receiver has a receive window of size WS (see subclause 9.1.9). In RLC acknowledged mode, the relation between the receive window state variable V(Q),  block sequence number BSN and window size  WS  of  the receive window is given  by  the inequality:
[ V(Q) £ BSN < V(R) ] modulo SNS , where [V( R) – V(Q)]modulo SNS  <  WS
 (refer to Annex K for the interpretation of  this inequality).   All BSNs which meet that criteria are valid within the receive window. In RLC unacknowledged mode, all values of BSN are within the receive window.

Each endpoint’s transmitter has a transmit window of size WS. In RLC acknowledged mode, the relation between the acknowledgement state variable V(A), the block sequence number BSN, the transmit state variable V(S) and the WS of  the transmit window is given  by the inequality:
 [ V(A) £ BSN < V(S) ] modulo SNS,  where [ V(S) - V(A) ] modulo SNS  <  WS
 (refer  to Annex K for the interpretation of this inequality)  . All BSNs which meet that criteria are valid within the transmit window. In RLC unacknowledged mode, all values of BSN are within the transmit window.

Next modified text

9.1.5
Receive state variable V(R)

Each RLC endpoint receiver shall have an associated receive state variable V(R). The receive state variable denotes the BSN which has a value one higher than the highest BSN (modulo SNS) received so far, therefore representing the end of the receiver window. V(R) shall be set to the value ‘0’ at the beginning of each TBF in which the RLC endpoint is the receiver. V(R) can take on the value 0 through SNS - 1.

In RLC acknowledged mode,  if  BSN’ is the sequence number of  the latest RLC block  received so far with [ V(R) £ BSN' < V(Q)+WS ] modulo SNS, then V(R) shall be set to [ BSN' + 1 ] modulo SNS. 
In RLC unacknowledged mode, V(R) shall be set to [ BSN' + 1 ] modulo SNS, where BSN' is the BSN of most recently received RLC data block.

 9.1.6
Receive window state variable V(Q)

Each RLC endpoint receiver shall have an associated receive window state variable V(Q). The receive window state variable denotes the lowest BSN  (modulo SNS) not yet received, therefore representing the start of the receiver window. V(Q) shall be set to the value 0 at the beginning of each TBF in which the RLC endpoint is the receiver. The receive window state variable can take on the value 0 through SNS –1.

In RLC acknowledged mode, the value of V(Q) shall be updated when the RLC receiver receives the RLC data block whose BSN is equal to V(Q). The value of V(Q) shall then be set to the value of the BSN in the receive window that has not yet been received and which minimises the expression [BSN – V(R)] modulo SNS, or it shall be set to V(R) if all RLC data blocks in the receive window have been received properly.

In RLC unacknowledged mode, if [V(R) - V(Q)] mod SNS > WS after updating V(R), then V(Q) is set to [V(R) ‑ WS] mod SNS.

Next modified text

9.1.8.1
Starting sequence number (SSN) and received block bitmap (RBB) in GPRS TBF

The Packet Ack/Nack message contains a starting sequence number (SSN) and a received block bitmap (RBB). The Packet Ack/Nack message is sent by the RLC receiver and is received by the RLC transmitter. The SSN and RBB are determined as defined in this subclause and transmitted in both RLC acknowledged and RLC unacknowledged mode. The SSN and RRB may be ignored by the RLC transmitter in unacknowledged mode.

The BSN values specified in the RBB are interpreted by subtracting the bit position in the bitmap from the starting sequence number (SSN) modulo SNS.

A valid BSN value in the RBB is one that is in the range [ V(A) £ BSN < V(S) ] modulo SNS .


 
At the RLC transmitter:

-
For each bit in the RBB whose corresponding BSN value is within the transmit window, if the bit contains the value ‘1’, the corresponding element in V(B) indexed relative to SSN shall be set to the value ACKED. If the bit contains the value ‘0’, the element in V(B) shall be set to the value NACKED. A bit within the RBB whose corresponding BSN is not within the transmit window, shall be ignored. If the RLC transmitter is on the mobile station side, the bit contains the value ‘0’ and the instance of timer T3198 corresponding to BSN is not expired (i.e., the RLC data block was recently (re)transmitted and thus can not be validly negatively acknowledged in this particular Packet Ack/Nack message), the element in V(B) shall not modified.

At the RLC receiver:

-
The starting sequence number (SSN) is assigned the value of the receive state variable V(R). The received block bitmap (RBB) is assigned the WS elements whose indices in the receive state array V(N) at the receiver range backwards from [ V(R) ‑ 1 ]   to [ V(R) ‑ WS ] (modulo SNS). For each bit in the bitmap, the bit is assigned the value ‘1’ if the corresponding element in V(N) indexed relative to SSN has the value RECEIVED. The bit is assigned the value ‘0’ if the element in V(N) has the value INVALID.

-
When polled within a downlink RLC data block, the mobile station shall acknowledge all the RLC data blocks that have been correctly received up to and including the radio block where the MS is polled.

-
As an implementation option, the MS may also acknowledge as many as possible of the RLC data blocks that are correctly received after the radio block where the MS is polled.

Next changed text

10.4.12
Block Sequence Number (BSN) field

The Block Sequence Number (BSN) field carries the sequence absolute Block Sequence Number (BSN’) modulo Sequence Number Space (SNS) (128 in GPRS and 2048 in EGPRS ) of each RLC data block within the TBF. 

In GPRS, the BSN is 7 bits in length and is encoded as a binary number with range 0 to 127. 

In EGPRS, the BSN is 11 bits in length and is encoded as a binary number with range 0 to 2047. 

The relative order between any two RLC blocks within a transmit/receive window of size WS is determined following the rule given in  Annex K.5. 





Added text

Annex K: 

 Operations and Relations within the Additive Group of Integers Modulo SNS 

K.1  Operation

The finite additive group that is of interest here is a set {0,1,2,…..SNS-1} of finite integers  with the following properties:
1. If a, b ({0,1,2,…SNS-1}, then a+b=b+a ({0,1,2,…SNS-1}.
2. If  a , b, c ({0,1,2,…SNS-1}, then (a+b)+c=a+(b+c) ({0,1,2,…SNS-1}. 
3. There exists 0({0,1,2,…SNS-1}, such that 0+a=a=a+0 for every a({0,1,2,…SNS-1}.
4. For every a ({0,1,2,…SNS-1} there exists –a  ({0,1,2,…SNS-1}, so that  a-a=0. 

Every integer can be mapped to an element in {0,1,2,…SNS-1} by the modulo operation, i.e. by taking the remainder after being divided by SNS, written with suffix  “modulo SNS”.  Thus,
A mdoulo SNS ({0,1,2,…,SNS-1} 
for any integer A,  i.e. A({0,1,2,…….} which is the set of all integers.  Addition operation  of any two integers A and B under this mapping is understood as  (A+B) modulo SNS, which provides the group properties 1 and 2. Using this notation, any integer modulo SNS can be treated as element of the finite additive group introduced above, when the following rules are observed:
(1)    0  = SNS modulo SNS

(2)    (–A) modulo SNS = SNS – (A modulo SNS), where A is an arbitrary integer.
 Rule (1) provides property 3. and  rule (2) provides property 4.   For instance, as a consequence of definition  (3),  the following two cases for the substraction b-a  of  two elements a, b ({0,1,2,…SNS-1} should be interpreted depending on the sign of the result:
Case 1: When  b-a  ( 0, then (b-a) modulo SNS = b-a

Case 2: When  b-a < 0,  then (b-a) modulo SNS = b-a +SNS

Another useful by-product of introducing “modulo SNS”  is that an equation within the finite additive {0,1,2,…,SNS-1} can be conveniently written as a=b (modulo SNS) without requiring that a, b ({0,1,2,…SNS-1}, i.e. A=B (modulo SNS), or written as (A=B)modulo SNS, is understood as (A-B)modulo SNS=0. This aspect will be further explored  in K.4.
K.2  Order 

An order among the elements of set {0,1,2,…,SNS-1} is given by  

0<1<2<…..<SNS-1.
Based on this order and  rules (1) and (2) given in K.1,  an interval [a,b] can be defined uniquely by a starting element a and an ending element b, which refers to the set {a,a+1,…,b-1,b} as subset of {0,1,….,SNS-1}. Thus, 
c ([a,b] if and only if   (c-a) modulo SNS < (b-a) modulo SNS and  (b-c) modulo SNS<(b-a) modulo SNS.

Since the last 2 conditions are mutual exlcusive within the given order, it suffices to use one of  them to indicate the  order between two elements.  Following this definition of interval, the relative order between any two elements c, d ( [a,b] with respect to the interval [a,b] can be determined by  

c>d if and only if  (c-d) modulo SNS <(b-a) modulo SNS 

in addition to the inequality required by c and d  for being  in the interval  [a,b]. This interpretation of inequality will is used extensively in the current specification.
K.3 Window

A receive/transmit window is an interval [a,b] within the finite additive group {0,1,..,SNS-1}, where a and b both are elements of the group. The size (the length) of this window is a non-negative  integer given by  (b-a) modulo SNS.  

K.4   Examples of Rules
From K.1,  K.2  and  K.3,  the following notations for relations between the block sequence numbers can be introduced as simple examples of the results  explored in the above and used in the specification:

Example 1:  A  RLC block within a window given by the starting block A and ending block B:

[A £ BSN<B] modulo SNS   if and only if  (BSN-A) modulo SNS<(B-A) modulo SNS 
or (B-BSN) modulo SNS<(B-A) modulo SNS, 
For instance: In 9.1.8.1,   [ V(A) £ BSN < V(S) ] modulo SNS is interpreted as (BSN-V(A))modulo SNS <(V(S)-V(A))modulo SNS
Example 2:  A RLC block within a window of size WS that starts with block A:

[A £ BSN<A+WS] modulo SNS if and only if   (BSN-A)modulo SNS<WS or  (A+WS-BSN)modulo SNS<WS, 

Example 3: A RLC block within a window that ends with block B:

[B-WS £ BSN<B] modulo SNS if and only if  (BSN-B+WS) modulo SNS<WS or  (B-BSN) modulo SNS<WS

Example 4:  Equality of two RLC blocks A and B:

[A=B]modulo SNS  if and only if (A-B) modulo SNS=0
Example 5:  The relative order of  any  two  RLC blocks A and B, when they are within a  window of size WS:

(A>B) modulo SNS  if and only  (A-B) modulo SNS <WS.
For instance  SNS = 2048, WS = 512, A= 10, B=2000:

(B –A) modulo SNS = 1990 > 512; (no window of the given size can contain blocks counted from A to B)
(A –B) modulo SNS = 58 < 512; (blocks counted from B to A can be packed within a window of size WS)
It follows (A>B) modulo SNS, i.e. B is the first block and A is the second block within a window of size WS .
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