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1. Introduction

At the RAN2 Rel-6 Adhoc in Cannes, it was agreed to use longer Sequence Numbers fields for UM RLC headers in Rel-6. This document puts forward a proposal that addresses this.

2. Extension of Sequence Numbers for RLC UM / UMD PDUs

2.1. Longer SN for re-ordering

As discussed in [1], it was agreed in RAN2#41bis to introduce re-ordering in RLC UM (25.346 subclause 7.1: “To support selective combining it is decided to:- Introduce re-ordering as a configurable feature of RLC-UM, within the RLC specification.”). This may have an impact on the reassembly of UMD PDUs and the reception of RLC SDUs.

Indeed a problem may appear with the current size of Sequence Numbers for UMD PDUs (7 bits, which is currently smaller than for AMD PDUs for which it is 12 bits), when re-ordering is enabled and the receiving RLC UM entity is waiting for a number of RLC SDUs to be completed and has to keep incoming UMD PDUs in the reception buffer: if the number of UMD PDUs kept in the reception buffer reaches the wrap around value of 127 (for 7 bits), any subsequent UMD PDU received with the same SN already be in the reception buffer would cause misinterpretation and potentially the discard of SDU data at the higher layers.

[2] also showed from an analysis of the re-ordering window in the UE that, if smaller RLC PDU values than 1200 bits are used, there seems to be a need for a longer RLC sequence number so that the higher bit rates can be supported.

2.2. Longer SN vs. PDU overhead

In order to prevent the problems discussed in section 2.1 above, it was proposed in [1] to align the format of the Sequence Numbers for UMD PDUs with that of AMD PDUs (for which re-ordering is already a feature), i.e. increase the length of the SN from 7 bits to 12 bits, by using two octets in the UMD PDU header for the SN (with extra reserved bits) instead of one.

In the case of small UMD PDUs, this extension of the SN would however have an impact on the PDU header overhead.

As an illustration, the table below gives the percentage of extra overhead that adding an extra octet (i.e. a 2-octet SN) would put on UMD PDUs of different length, compared with the current case (1-octet SN):

	Sequence Number length
	RLC PDU 320 bits
	RLC PDU 640 bits
	RLC PDU 1280 bits

	1 octet
	2.5
	1.25
	0.625

	2 octets
	5
	2.5
	1.25


Table 1 - Percentage of SN overhead in RLC PDUs

Thus the increase in overhead for small PDUs of 320 bits is 2.5%. This becomes less significant with larger packets.

We can put this into perspective by taking into account the rest of the UMD PDUs header, i.e. the Length Indicator, to see the effect of increasing the Sequence Number length on the total PDU header size.

The Length Indicator size is 7 bits for PDUs smaller than 125 octets/1000 bits, and 15 bits for PDUs larger than 125 octets/1000 bits.

Considering first the case of an RLC PDU of 320 bits, as reflected in Table 2 below:

· the Length Indicator size would be 7 bits (small packet), and therefore would only take one octet in the PDU header

· a Sequence Number length of 7 bits (1 octet) brings the total header size to 2 octets and takes 50% of the total overhead, whereas a Sequence Number Length of 2 octets would bring the total header size to 3 octets and take 66% of the total overhead.

	Length Indicator
	1 octet
	1 octet

	Sequence Number length
	1 octet
	2 octets

	SN overhead percentage
	50.00
	66.67

	Total
	2 octets
	3 octets


Table 2 - Total overhead for RLC PDU of 320 bits

Considering then the case of an RLC PDU of 1280 bits (assuming the presence of just one Length Indicator), as reflected in Table 3 below:

· the Length Indicator size would be 15 bits (longer packet), and therefore would take two octets in the PDU header

· a Sequence Number length of 7 bits (1 octet) brings the total header size to 3 octets and takes 33% of the total overhead, whereas a Sequence Number Length of 2 octets would bring the total header size to 4 octets and take 50% of the total overhead.

	Length Indicator
	2 octets
	2 octets

	Sequence Number length
	1 octet
	2 octets

	SN overhead percentage
	33.33
	50.00

	Total
	3 octets
	4 octets


Table 3 - Total overhead for RLC PDU of 1280 bits

The effect of an increase in the Sequence Number length as a percentage of the total header size is rather significant (16%), as the PDU header only contains a few octets to start with.

In order to minimise that effect, it would be advantageous to apply longer Sequence Numbers only for the cases when they are needed.

2.3. Configurable SN length

As suggested by [2], longer Sequence Numbers could be useful for RLC PDU values smaller than 1200 bits.

In the light of the earlier description of the impact of longer Sequence Numbers on overhead, we propose to have a configurable Sequence Number length so as to allow:

· 12-bit UMD PDU Sequence Numbers (aligned with the SN length for AMD PDUs) for cases when improved ability to resolve ambituities is required and the additional overhead is acceptable; 

· 7 bit UMD PDU Sequence Numbers for cases when the minimisation of overhead is considered more important than the resolution of ambiguity.  

The 12-bit SN for UMD PDUs may be implemented by using two octets in the UMD PDU header for the SN instead of one, with the second octet also including 3 reserved bits.

The signalling of whether short or long SN are used for UMD PDUs would be done by means of a new UM parameter in the CRLC-CONFIG primitive between RLC and upper layers.  

3. Conclusions and Recommendations

Following the decision to introduce longer sequence numbers for RLC PDUs in Rel-6 to help support reordering, it is proposed to use Sequence Numbers of configurable length for UMD PDUs.

It is recommended to discuss and approve the following CR for TS25.322. 
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8.2
Primitive parameters

Following parameters are used in the primitives:

1)
The parameter Data is the RLC SDU that is mapped onto the Data field in RLC PDUs. When AM or UM RLC entities are used, the length of the Data parameter is a multiple of 8 bits, otherwise (TM RLC entity) the length of Data parameter is a bit-string whose length may not be a multiple of 8 bits.

2)
The parameter Confirmation Request (CNF) indicates whether the transmitting side of the AM RLC entity needs to confirm the reception of the RLC SDU by the peer-RLC AM entity. If required, once all AMD PDUs that make up the RLC SDU are positively acknowledged by the receiving AM RLC entity, the transmitting AM RLC entity notifies upper layers.

3)
The parameter Message Unit Identifier (MUI) is an identity of the RLC SDU, which is used to indicate which RLC SDU that is confirmed with the RLC-AM-DATA-Conf. primitive, or discarded with the RLC-AM/UM/TM-DATA-Conf. Primitive.

4)
The parameter E/R indicates establishment, re-establishment, release or modification of an RLC entity, where re-establishment is applicable to AM and UM RLC entities only. If re-establishment is requested, the state variables and configurable parameters are initialised according to subclause 9.7.7. If release is requested, all protocol parameters, variables and timers are released and the RLC entity enters the NULL state. If modification is requested, the protocol parameters indicated by upper layers (e.g. ciphering parameters) are only modified, while keeping the other protocol parameters, such as the protocol variables, protocol timers and protocol state unchanged. AM RLC entities are always re-established if any of the uplink or downlink AMD PDU size is changed. The modification of other protocol parameters does not require a re-establishment.
5)
The parameter Event Code (EVC) indicates the reason for the CRLC-STATUS-Ind e.g., unrecoverable errors such as data link layer loss or recoverable status events such as reset.

6)
The parameter Ciphering Elements are only applicable for UM and AM operations. These parameters are Ciphering Mode, Ciphering Key, Transmitting Activation Time (Sequence Number to activate a new ciphering configuration at the Sender), Receiving Activation Time (Sequence Number to activate a new ciphering configuration at the Receiver) and HFN (Hyper Frame Number).

7)
The AM_parameters are only applicable for AM operation. These parameters are AMD PDU size, In-sequence Delivery Indication (indicating that RLC SDUs are delivered to upper layers in sequence or that they can be delivered out of sequence), Timer values (see subclause 9.5), Protocol parameter values (see subclause 9.6), Polling triggers (see subclause 9.7.1), Status triggers (see subclause 9.7.2), Periodical Status blocking configuration (see subclause 9.7.2), SDU discard mode (see subclause 9.7.3), Minimum WSN (see subclause 9.2.2.11.3), and Send MRW. The Minimum WSN is always greater than or equal to the number of transport blocks in the smallest transport block set. The Send MRW indicates that the information of each discarded RLC SDU is sent to the Receiver, and the MRW SUFI is sent to the Receiver even if no segments of the RLC SDU to be discarded were submitted to a lower layer.
8)
The parameter DiscardInfo indicates to upper layer the discarded RLC SDU in the peer-RLC AM entity. It is applicable only when in-sequence delivery is configured and it is to be used when upper layers require the reliable data transfer.

9)
The Stop parameter is applicable to AM and UM RLC entities only and indicates to the RLC entity to (see subclause 9.7.6):

-
not transmit nor receive any RLC PDUs.

10)
The Continue parameter is applicable to AM and UM RLC entities only and indicates to the RLC entity to continue transmission and reception of RLC PDUs.
11)
The UM_parameters are only applicable for UM operation. It contains Timer_Discard value (see subclause 9.5),  largest UL UMD PDU size (see subclause 9.2.2.8), DL RLC UM LI size (see subclause 9.2.2.8), UL UMD PDU SN size (see subclause 9.2.2.3) and DL UMD PDU SN size (see subclause 9.2.2.3).

12)
The TM_parameters are only applicable for TM operation. It contains e.g. segmentation indication (see subclauses 9.2.2.9 and 11.1.2.1), Timer_Discard value (see subclause 9.5) and delivery of erroneous SDU indication (see subclause 11.1.3).

13)
The N parameter indicates that an RLC entity will not send a PDU with "Sequence Number">=VT(S)+N for AM and "Sequence Number">=VT(US)+N for UM, where N is a non-negative integer.

14)
The VT(S) parameter indicates the value of the Send State Variable for the case of the AM.
15)
The VT(US) parameter indicates the value of the UM Data State Variable, for the case of the UM.
16)
The Error_Indicator parameter indicates that the RLC SDU is erroneous (see subclause 11.1.3).
17)
The parameter UE-ID type indicator indicates the RNTI type (U-RNTI or C-RNTI) to be used for the associated RLC SDU. This parameter is not required at the UE.
18)
The parameter DiscardReq indicates whether the transmitting RLC entity needs to inform the upper layers of the discarded RLC SDU. If required, the transmitting RLC entity notifies upper layers when the SDU is discarded.

19)
The parameter Status is only applicable for AM operation. This parameter indicates whether a RLC SDU is successfully transmitted or discarded.

9.2.1.3
UMD PDU

The UMD PDU is used to transfer user data when RLC is operating in unacknowledged mode. The length of the data part shall be a multiple of 8 bits. The UMD PDU header consists of the octets which contain the "Sequence Number". The RLC header consists of all the octets that contain the “Sequence Number” or "Length Indicators".
The Sequence Number length can be either 7 bits or 12 bits, as follows:

· For short Sequence Number (7 bits):

The UMD PDU header consists of the first octet, which contains the "Sequence Number". The RLC header consists of the first octet and all the octets that contain "Length Indicators".
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Figure 9.2: UMD PDU for short Sequence Number
· For long Sequence Number (12 bits):

The UMD PDU header consists of the first two octets, which contains the "Sequence Number" and 3 Reserved bits. The RLC header consists of the first two octets and all the octets that contain "Length Indicators".
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Figure 9.2: UMD PDU for long Sequence Number

The configuration of short/long Sequence number for UMD PDUs is described in subclause 9.2.2.3.

NOTE (1):
The "Length Indicator" may be 15 bits.

9.2.2.3
Sequence Number (SN)

This field indicates the "Sequence Number" of the RLC PDU, encoded in binary.

	PDU type
	Length
	Notes

	AMD PDU
	12 bits
	Used for retransmission and reassembly

	UMD PDU
	7 or 12  bits
	Used for reassembly


The length of the UMD PDUs Sequence Number is configured as either 7 bits or 12 bits, and is determined independently for uplink and downlink.
For UM uplink:
the “Sequence Number” length provided in  "UL RLC UM SN size" shall be used.
For UM downlink:

the “Sequence Number” length provided in  "DL RLC UM SN size" shall be used.
9.2.2.8
Length Indicator (LI)

A "Length Indicator" is used to indicate the last octet of each RLC SDU ending within the PDU.

Except for the predefined values reserved for special purposes and listed in the tables below, the "Length Indicator" shall:

-
be set to the number of octets between the end of the RLC header and up to and including the last octet of an RLC SDU segment;

-
be included in the PDUs that they refer to.

The size of the "Length Indicator" may be either 7 bits or 15 bits. The "Length Indicator" size is determined independently for uplink and downlink. The value of a "Length Indicator" shall not exceed the values specified in subclauses 11.2.4.2 and 11.3.4.5 respectively for UMD and AMD PDUs.

The "Length Indicators" which refer to the same PDU shall:

-
not be reordered in case of retransmission;

-
be in the same order as the RLC SDUs that they refer to.

For AM:

-
if the "AMD PDU size" is ( 126 octets:

-
7-bit "Length Indicators" shall be used.

-
else:

-
15-bit "Length Indicators" shall be used.

-
the size of the "Length Indicator" is always the same for all AMD PDUs, for one RLC entity.

For UM uplink:
· if "UL RLC UM SN size" is 7 bits:
· if the "largest UL UMD PDU size" is ( 125 octets:

-
7-bit "Length Indicators" shall be used.

· else:

· 15-bit "Length Indicators" shall be used.
· else: 

· if the "largest UL UMD PDU size" is ( 126 octets:

-
7-bit "Length Indicators" shall be used.

· else:

· 15-bit "Length Indicators" shall be used.

For UM downlink:

-
the "Length Indicator" size provided in "DL RLC UM LI size" shall be used.

9.4
State variables

The state variables defined in this subclause are normative.

This sub-clause describes the state variables used in AM and UM in order to specify the peer-to-peer protocol. All state variables are non-negative integers. UMD and AMD PDUs are numbered by modulo integer sequence numbers (SN) cycling through the field: 0 to 212 – 1 for AM and 0 to 27 – 1 for UM with short Sequence number or 0 to 212 – 1 for UM with long Sequence Number. All arithmetic operations contained in the present document on VT(S), VT(A), VT(MS), VR(R), VR(H) and VR(MR) are affected by the AM modulus. All arithmetic operations contained in the present document on VT(US) and VR(US) are affected by the UM modulus. When performing arithmetic comparisons of state variables or Sequence number values a modulus base shall be used. This modulus base is subtracted (within the appropriate field) from all the values involved and then an absolute comparison is performed. At the Sender, VT(A) and VT(US) shall be assumed to be the modulus base in AM and UM respectively. At the Receiver, VR(R) and VR(US) shall be assumed to be the modulus base in AM and UM respectively.

9.7.8
Ciphering for acknowledged and unacknowledged mode

The ciphering function is performed in RLC, according to the following rules if a radio bearer is using a non-transparent RLC mode (AM or UM). The data unit that is ciphered, depends on the transmission mode as described below.

-
For RLC UM mode, the ciphering unit is the UMD PDU excluding the first octet for short Sequence Numbers or the first two octets for long Sequence numbers, i.e. excluding the UMD PDU header. This is shown below in Figure 9.19 for short Sequence numbers.
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Figure 9.19: Ciphering unit for a UMD PDU for short Sequence numbers
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