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1. Intention of CR 181 to 25.322 (R2-020873)

R2-020873 proposed clarification on inequalities of the type x > A and x ( A in finite number spaces by expanding them to expression of the type A < x < B, and additionally introduced notation currently used in GSM specs (GSM 04.60 v8.5.0) to express the meaning of expressions of the type A < x < B. 

Inequalities of the type x > A and x ( A in a finite number space are used in several places in 25.322.

R2-020873 reflects several iterations between ASUStek, Ericsson, LGE and Philips on achieving correct interpretations for these inequalities showing that getting correct interpretations was not a straight-forward matter. 

The starting point of the discussion was the following problem: An inequality like X ( VT(MS) has no real meaning in a finite number space, if it is interpreted in the same way as in an infinite number space, where it denotes the numbers X given by X=VT(MS), VT(MS)+1, VT(MS)+2, … . 

In a finite number space, this interpretation causes problems, since successively incrementing will finally lead again to the starting point, because the numbers are arranged on a circle, since the follower of the maximum number is 0.

In the strict sense, an expression like X ( VT(MS) alone (without any additional information on X) means all numbers of the finite number space, and X > VT(MS) could be interpreted as equivalent to X ( VT(MS).

X ( VT(MS) gets a clear meaning, if it is supplemented by a second boundary, e.g. like 

VT(A) > X ( VT(MS). In this case, the definition known from an infinite number space can be applied: The fulfilling numbers X are given by VT(MS), VT(MS)+1, …, VT(A)-1, where the additions/subtractions are modulo the size of the number space. 

25.322 contains several inequalities of the type x > A or x ( A, where x and A are elements of a finite number space (i.e. the possible sequence numbers). The information on the additional boundary is not made explicit, and can only be derived from the behaviour of the procedures, which they define. Hence, it is only possible for experts, who have the full understanding of the procedures, to state about the correct meaning of these inequalities. So there is the risk of an erroneous implementation causing interoperability problems.

In some cases, these inequalities may rather easily be expanded to the correct meaning: The definition e.g. of transmission suspension (for changing the ciphering configuration) says: 

The sender shall not send PDUs with SN ( VT(S)+N. 

Given a transmission window e.g. with a size of half the sequence number space, the inequality gets a clear meaning, since the sender is anyway only allowed to send PDUs with a SN within the transmission window, i.e. VT(MS) ( SN ( VT(A). 

Putting both together, we then get: 

a) “The sender shall not send PDUs with a SN fulfilling VT(MS) ( SN ( VT(S)+N” or even 

b) “The sender shall not send PDUs with a SN fulfilling VT(A) > SN ( VT(S)+N”.

However, since VT(S)+N could be outside the transmission window, finally only the second expression b) is possible. So, even with this rather simple inequality, it is already difficult, to give the correct interpretation.

Unfortunately, there are other inequalities of the type x > A or x ( A, for which it is even more difficult to expand them to the correct meaning B > x > A.

R2-020873 (CR 181 to 25.322) intended in the first place to expand all the inequalities of the type A > B or A ( B referring to a finite number space to inequalities with two boundaries. In addition the GSM notation for such inequalities as well as already contained interval expressions was introduced.

Note that 25.322 already contains inequalities, which are formulated with two boundaries:

	b)
VR(H) - Highest expected state variable.


This state variable contains the "Sequence Number" following the highest "Sequence Number" of any received AMD PDU. When a AMD PDU is received with "Sequence Number" x such that VR(H)(x<VR(MR), this state variable shall be set equal to x+1.


The initial value of this variable is 0.

10.1
Erroneous Sequence Number

A STATUS PDU or Piggybacked STATUS PDU including "erroneous Sequence Number" is a STATUS PDU or Piggybacked STATUS PDU that contains:

-
a LIST, BITMAP or RLIST SUFI in which the "Sequence Number" of at least one AMD PDU that is negatively acknowledged is outside the interval VT(A)("Sequence Number"( VT(S)-1; or
-
an ACK SUFI in which "LSN" is outside the interval VT(A)("LSN"( VT(S).
[…]

11.3.4.2
Receiving an AMD PDU outside the reception window

Upon reception of an AMD PDU with "Sequence Number"outside the interval VR(R)(SN<VR(MR), the Receiver shall:

-
discard the AMD PDU;

-
if the "polling bit" in the discarded AMD PDU is set to "1":

· initiate the STATUS PDU transfer procedure.

[…]

11.6.2
Initiation

The Sender shall initiate the SDU discard with explicit signalling procedure if one of the following triggers is detected:
-
"Timer based SDU discard with explicit signalling" is configured, Timer_Discard expires for an SDU, and one or more segments of the SDU have been submitted to lower layer;

-
"Timer based SDU discard with explicit signalling" is configured, Timer_Discard expires for an SDU, and "Send MRW" is configured;
-
"SDU discard after MaxDAT number of transmissions" is configured, and MaxDAT number of transmissions is reached (i.e. VT(DAT) ( MaxDAT) for an AMD PDU.

Upon initiation of the SDU discard with explicit signalling procedure, the Sender shall:

-
if "Timer based SDU discard with explicit signalling" is configured:

-
discard all SDUs up to and including the SDU for which the timer Timer_Discard expired.
-
if "SDU discard after MaxDAT number of retransmissions" is configured:

-
discard all SDUs that have segments in AMD PDUs with "Sequence Number" SN inside the interval VT(A) ( SN ( X, where X is the value of the "Sequence Number" of the AMD PDU with VT(DAT) ( MaxDAT.
11.6.2.2
STATUS PDU contents to set

The Sender shall:
-
if "Send MRW" is configured:

-
if the last discarded SDU ended in an AMD PDU, and its "Length Indicator" is present in the same AMD PDU, and no new SDU is present inside this AMD PDU:
-
set the last SN_MRWi field in the MRW SUFI to 1 + "Sequence Number" of the AMD PDU which contains the "Length Indicator" of the last discarded SDU;

-
set the NLENGTH field in the MRW SUFI to "0000".
-
otherwise:

-
set the last SN_MRWi field in the MRW SUFI to the "Sequence Number" of the AMD PDU which contains the "Length Indicator" of the last discarded SDU;

-
set the NLENGTH field in the MRW SUFI so that the last data octet to be discarded in the Receiver shall be the octet indicated by the NLENGTH:th "Length Indicator" field of the AMD PDU which contains the "Length Indicator" of the last discarded SDU;
-
set each of the other SN_MRWi fields in the MRW SUFI to the "Sequence Number" of the AMD PDU which contains the "Length Indicator" of the i:th discarded SDU.
-
otherwise ("Send MRW" is not configured):

-
if the last SDU to be discarded in the Receiver ended in an AMD PDU, and its "Length Indicator" is present in the same AMD PDU, and no new SDU is present inside this AMD PDU:
-
set the last SN_MRWi field in the MRW SUFI to 1 + "Sequence Number" of the AMD PDU which contains the "Length Indicator" of the last SDU to be discarded in the Receiver;

-
set the NLENGTH field in the MRW SUFI to "0000".
-
otherwise:

-
set the last SN_MRWi field in the MRW SUFI to the "Sequence Number" of the AMD PDU which contains the "Length Indicator" of the last SDU to be discarded in the Receiver;

-
set the NLENGTH field in the MRW SUFI so that the last data octet to be discarded in the Receiver shall be the octet indicated by the NLENGTH:th "Length Indicator" field of the AMD PDU which contains the "Length Indicator" of the last SDU to be discarded in the Receiver;

-
optionally set each of the other SN_MRWi fields in the MRW SUFI to the "Sequence Number" of the AMD PDU which contains the "Length Indicator" of the i:th SDU to be discarded in the Receiver;
-
if the MRW SUFI contains only one SN_MRWi field and the value of SN_MRWi field  ( VT(A)+Configured_Tx_Window_Size:

-
set the LENGTH field in the MRW SUFI to "0000".
-
otherwise:

-
set the LENGTH field in the MRW SUFI to the number of SN_MRWi fields in the same MRW SUFI. In this case, SN_MRW1 shall be in the interval VT(A) ( SN_MRW1 < VT(A)+Configured_Tx_Window_Size.


The intention of CR 181 to 25.322 is not to introduce just the notation of GSM 04.60, but primarily to expand the inequalities (referring to a finite number space) with only one boundary, to inequalities with two boundaries in order to make sure that no mis-interpretation is possible. Doing this clean-up, it was felt helpful to introduce the GSM notation in order to then have a fully precise description also for the case that A = B in an expression like A < x < B.

2. Status of the discussion in RAN2

In the discussions within RAN2 group, there was no consensus on whether the proposed changes should be applied. Some companies felt that the proposed changes in many cases were not required, since – they thought - it was clear from the context, how these inequalities have to be interpreted. It was also felt by some companies that adding the changes could introduce new errors.

It was also stated that it is not required to assume that state variables e.g. VT(S) or VT(MS) are necessarily limited to the finite sequence number space, since they are UE internal, and could be implemented as virtually infinite, so that the meaning of the inequalities again became correct with this assumption. 

However, looking at the inequalities, as if the number space were infinite, excludes the possibility of a wrap-around, which always occurs in a finite number space, no matter how big the number space is. Example: Let SNS=214. For an expression like VT(S) ( VT(MS) (which occurs in the definition of VT(MS) in the current specification), it obviously becomes unclear, whether the expression is fulfilled or not, if e.g. VT(MS)=214-3 and VT(S)=2. Any implementation of a UE has to work with a finite number space, which possibly need not be equal to the sequence number space.

Apart from that, there are inequalities, which contain variables, which are carried in STATUS PDUs, hence their range is clearly limited to the sequence number space.

One example is the inequality, that determines, when VT(S) is updated, as explained in the next section.

3. Current rules for updating VT(S)

In the current version of 25.322, it is stated:

	a)
VT(S) - Send state variable.


This state variable contains the "Sequence Number" of the next AMD PDU to be transmitted for the first time (i.e. excluding retransmitted PDUs). It shall be updated after the aforementioned AMD PDU is transmitted or after transmission of a MRW SUFI which includes SN_MRWLENGTH >VT(S) (see subclause 11.6). The initial value of this variable is 0.
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Here, SN_MRWLENGTH denotes the SN of the LENGTH-th RLC SDU to be discarded at the receiver.

According to the comments, that were received in the process of preparing R2-020873 starting on RAN2#25, it turned out that the correct and complete meaning of this inequality is the following: 
VT(S) shall be updated after the aforementioned AMD PDU is transmitted or after transmission of a MRW SUFI, which includes  a SN_MRWLENGTH, which is between VT(S) and VT(A) (i.e. lower edge of the reception window), in more precise words: an SN_MRWLENGTH  which can take values out of [VT(S)+1]mod SNS, … [VT(A)-1]mod SNS, with the special case that VT(S) can be equal to VT(A), then SN​​​​_MRWLENGTH must not equal VT(S), see also the figure on the left.
Since the correct way of updating VT(S) is crucial for the correct operation of the RLC protocol, we believe that at least the inequality 

SN_MRWLENGTH >VT(S)
should be expressed in its full meaning, which is

for VT(S)(VT(A):

SN_MRWLENGTH ( { [VT(S)+1]mod SNS, [VT(S)+2]mod SNS, …, [VT(A)-1]mod SNS }

with SNS = 4096
for VT(S)=VT(A):

SN_MRWLENGTH ( VT(S)
A short form to express this could be VT(A) > SN_MRWLENGTH > VT(S), however the case VT(A)=VT(S) remains ambiguous: it could either mean that SN_MRWLENGTH does not exist (this would be the interpretation in an infinite number space) or SN_MRWLENGTH ( VT(S).

As already described in R2-012596 (presented on RAN2#25 in Makuhari), the correct meaning can be expressed in a precise, short and rather intuitive way using the following notation applied in GSM 04.60 
[ A ( x  < B ]mod SNS   :(   [x - A] mod SNS   < [B - A] mod SNS
which means that x can take the values A, [ A + 1 ]mod SNS, …, [ B – 1 ]mod SNS, see also the figure.
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Note that based on the above definition, 
[ A ( x  < B ]mod SNS   is equivalent to 
[ A –1 < x  < B ]mod SNS   as well as to 

[ x  < B < A ]mod SNS   .

[ x  < B < A ]mod SNS   can be read as follows: On the “number cycle” arranging the number space, the follower (when going in the direction of incremented numbers) of x is B, and the follower of B is A, where B and A are different, while x and A can also be equal.

Due to the equivalence of  [ A ( B < C ]mod SNS   and [ B < C < A]mod SNS ,  this notation also covers the case A = B: In this case one gets  0 < [C - A] mod SNS
i.e. C ( A.
4. Clarifying the updating rules for VT(S)

We see the following alternatives to express, what the inequality actually means:

Alternative 1:

The RLC shall maintain the following state variables in the Sender.

a)
VT(S) - Send state variable.

This state variable contains the "Sequence Number" of the next AMD PDU to be transmitted for the first time (i.e. excluding retransmitted PDUs). It shall be updated after the aforementioned AMD PDU is transmitted or after transmission of a MRW SUFI which includes an SN_MRWLENGTH fulfilling 
for VT(S)(VT(A):

 


SN_MRWLENGTH ( { [VT(S)+1]mod SNS, [VT(S)+2]mod SNS, …, [VT(A)-1]mod SNS }  with SNS = 4096
for VT(S)=VT(A):
SN_MRWLENGTH ( VT(S).

For further details see subclause 11.6. The initial value of this variable is 0.

Alternative 1 is a bit long and verbose.

Alternative 2:

The RLC shall maintain the following state variables in the Sender.

a)
VT(S) - Send state variable.


This state variable contains the "Sequence Number" of the next AMD PDU to be transmitted for the first time (i.e. excluding retransmitted PDUs). It shall be updated after the aforementioned AMD PDU is transmitted or after transmission of a MRW SUFI which includes an SN_MRWLENGTH fulfilling [VT(S) - VT(A)]mod SNS < [SN_MRWLENGTH  - VT(A)]mod SNS , where SNS = 4096 (see subclause 11.6). The initial value of this variable is 0.

Alternative 2 is precise, but not very intuitive.

Alternative 3:

The RLC shall maintain the following state variables in the Sender.

a)
VT(S) - Send state variable.


This state variable contains the "Sequence Number" of the next AMD PDU to be transmitted for the first time (i.e. excluding retransmitted PDUs). It shall be updated after the aforementioned AMD PDU is transmitted or after transmission of a MRW SUFI which includes an SN_MRWLENGTH fulfilling VT(A)>SN_MRWLENGTH >VT(S) (see subclause 11.6). The initial value of this variable is 0.

Alternative 3 is not completely precise, but sufficiently intuitive. The case VT(A)=VT(S) needs additional clarification. From the inequality it could either mean that SN_MRWLENGTH does not exist (this would be the interpretation in an infinite number space) or SN_MRWLENGTH ( VT(S).

NOTE: Subclause 11.6. also needs an update.

5. Other inequalities, which need clarification as indicated by the change bars

	9.2.2.11
SUFI

Which SUFI fields to use is implementation dependent, but when a STATUS PDU includes information about which AMD PDUs have been received and which are detected as missing, information shall not be included about AMD PDUs with a “Sequence Number” fulfilling [VR(H) ( “Sequence Number” < VR(MR)]mod SNS i.e. AMD PDUs that have not yet reached the Receiver. Information about AMD PDUs with a “Sequence Number” fulfilling [VR(MR) ( “Sequence Number” < VR(R)]mod SNS shall not be given except when this is necessary in order to use the BITMAP SUFI, see subclause 9.2.2.11.5.

Length: variable number of bits.




	LSN

Length: 12 bits

Acknowledges the reception of all AMD PDUs within the interval [VR(R) ( "Sequence Number" < LSN]mod SNS (LSN: Last Sequence Number) that are not indicated to be erroneous in earlier parts of the STATUS PDU. This means that if the LSN is set to a value within the interval [VR(R) < LSN <= VR(H)] mod SNS, all erroneous AMD PDUs shall be included in the same STATUS PDU and if the LSN is set equal to VR(R), the erroneous AMD PDUs can be split into several STATUS PDUs. At the transmitter, if the value of the LSN and the value X of the first error indicated in the STATUS PDU fulfil the condition [VT(A) ( LSN ( X]mod SNS, VT(A) will be set equal to the LSN, otherwise VT(A) will be set equal to X. VT(A) is only updated based on STATUS PDUs where ACK SUFI (or MRW_ACK SUFI) is included. The LSN shall only be set to a value in the interval [VR(R) ( LSN  ( VR(H)]mod SNS.


	FSN

Length: 12 bits

The "Sequence Number" for the first bit in the bitmap. FSN shall only be set to a value X within the interval [VR(R) - 7 ( X < VR(H)]mod SNS,  when the reception window size is less than half the maximum RLC AM "Sequence Number". If the reception window size is larger, FSN shall only be set to a value X within the interval [VR(R) ( X < VR(H)]mod SNS.


	SN_MRWi
Length: 12 bits

When "Send MRW" is configured, an SN_MRWi shall be used to indicate the end of each discarded RLC SDU, i.e. the number of SN_MRWi fields shall equal the number of RLC SDUs discarded by that MRW SUFI. When "Send MRW" is not configured, an SN_MRWi field shall be used to indicate the end of the last RLC SDU to be discarded in the Receiver and additional ones may optionally be used to indicate the end of other discarded RLC SDUs. SN_MRWi is the "Sequence Number" of the AMD PDU that contains the "Length Indicator" of the i:th RLC SDU to be discarded in the Receiver (except for SN_MRWLENGTH when NLENGTH = 0, see definition of NLENGTH). The order of the SN_MRWi shall be in the same sequential order as the RLC SDUs that they refer to.
Additionally SN_MRWLENGTH requests the Receiver to discard all AMD PDUs with a “Sequence Number” fulfilling [VR(R) ("Sequence Number" < SN_MRWLENGTH]mod SNS, and to move the reception window accordingly. In addition, when NLENGTH > 0, the Receiver has to discard the first NLENGTH "Length Indicators" and the corresponding data octets in the AMD PDU with "Sequence Number" SN_MRWLENGTH.


	d)
VT(MS) - Maximum Send state variable.


This state variable contains the "Sequence Number" of the first AMD PDU that can be rejected by the peer Receiver, VT(MS) = VT(A) + VT(WS). This value represents the upper edge of the transmission window. The transmitter shall not transmit AMD PDUs with "Sequence Number" fulfilling the condition [VT(MS) ( “Sequence Number” < VT(A)]mod SNS
 unless [VT(A) > VT(S) ( VT(MS) ] mod SNS. In that case, the AMD PDU with "Sequence Number" = VT(S) - 1 can also be transmitted. VT(MS) shall be updated when VT(A) or VT(WS) is updated.


The initial value of this variable is Configured_Tx_Window_size.


5. Possible Ways forward

As pointed out, there is a need for clarification/correction of 25.322 concerning the meaning of the inequalities (of the type x >A, x ( A) referring to a finite number space. The most important case is seen in the updating rules of VT(S), since erroneous implementations would cause obvious malfunction of the RLC protocol. In addition, it would be very helpful to also correct/clarify other inequalities. 

The following options to resolve the problems currently seen are:
1. Only correct the rules for updating VT(S) adding the second boundary (Alternative 3), since in this rule State variables and numbers carried over the air appear together in the inequality.

2. Only correct the rules for updating VT(S) and some other inequalities (which are also seen as not having an obvious interpretation) listed in section 4 adding second boundaries.

3. a) Correct all inequalities, in which second boundaries are missing, as proposed in R2-020873 only by adding second boundaries and avoiding the GSM notation. 



b) Same as 3a) but additionally: Add a note, that an inequality like A ( x < B, is meant according to the GSM notation, i.e. should be read as [A ( x < B]mod SNS, which is defined by [x - A] mod SNS  < [B - A] mod SNS
4. Correct all inequalities as proposed in R2-020873, i.e. adding second boundaries and applying the GSM notation in all places.

6. Proposal

It is recommended, to either adopt Option 3a), 3b) or 4. Option 3b) and 4 have the advantage that they also clearly define A < x < B in case A and B are equal: in this case it means that x ( A = B.
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