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Modification of Length Indicator Usage for RLC NPM

1 Introduction
For EGPRS, one transmitted RLC data block may contain segments of one or more upper layer PDUs (which almost all cases are LLC PDUs), where the end of each such upper layer PDU, and implicitly also thus possible the start of the next one, is indicated by the usage of length indicators as described in sub-section 10.4.14a of [1]. The receiving RLC entity then uses these length indicators to correctly re-assemble the segments of upper layer PDUs before delivery to the protocol layer above as described in sections 9.1.12.of [1]. There are however flaws to this procedure that may cause problems in some situations when RLC Non-Persistent Mode or RLC Unacknowledged mode is used. More specifically, the loss of a RLC block containing a length indicator may lead to that a correct re-assembly of the upper layer PDUs are not possible and that, even though only data belonging to one upper layer PDU is lost, yet another upper layer PDU will be dropped. This kind of double-drop behaviour will of course have a negative impact on the effective throughput for both user and system and, as an example, in the case of a Voice over IP (VoIP) service, the Frame Erasure Rate (FER) will thus be increased.

2 Background
When using RLC Acknowledged Mode (AM) operation, all RLC blocks belonging to one upper layer PDU are received before the receiving RLC entity will try to re-assemble the upper layer PDU. Thus the payload consisting of LLC PDUs is guaranteed to be delivered, in order, to the above lying LLC layer. 
When using RLC Non-Persistent Mode (NPM) and/or RLC Unacknowledged Mode (UM) of operation, RLC blocks may be discarded and/or delivered out of order within the RLC layer. Section 9.1.12 of [1] states that fill bits having the value ‘0’ shall be substituted for RLC data units not received. 
Let us in the following sub-sections look at three examples, out of which the first two, Example 1 in sub-section 2.1 and Example 2 in sub-section 2.2, poses no problems, but whose purpose are to illustrate the above discussed procedures. In the final example, Example 3  in sub-section 2.3, the initially mentioned double-drop problem of two upper layer PDUs is shown. 
2.1 Example 1

As an first illustration, consider e.g. the following example where a LLC PDU with a size of 200 bytes (sequence number N(U)=54) is sent using MCS-6, which carries 74 bytes per RLC block and thus will need 4 RLC blocks:

BSN=22, LI(1)=61. ->61B belongs to PDU N(U)=53, 12B belongs to PDU N(U)=54
BSN=23, no LI     ->74B belongs to PDU N(U)=54
BSN=24, no LI     ->74B belongs to PDU N(U)=54
BSN=25, LI(1)=40, ->40B belongs to PDU N(U)=54, 33B belongs to PDU N(U)=55
When the receiving side unpacks the above sequence it concatenates the separate segments to form a upper layer PDU with size 12+74+74+40=200B. 
However, if one of the middle RLC units is not delivered as it might be during RLC NPM and/or RLC UM, it will be substituted with fill bits / padding during the re-assembly:
BSN=22, LI(1)=61. ->61B belongs to PDU N(U)=53, 12B belongs to PDU N(U)=54
?????? assume zeros, no LI->74B padding belongs to PDU N(U)=54
BSN=24, no LI     ->74B belongs to PDU N(U)=54
BSN=25, LI(1)=40, ->40B belongs to PDU N(U)=54, 33B belongs to PDU N(U)=55
Hence, the receiving RLC entity will concatenate the segments until the length indicator is found, although one of the data chunks is zero padding, to form a upper layer PDU with size 12+74(padding)+74+40=200Bytes. 
2.2 Example 2

It becomes more complicated when a RLC block containing a length indicator is dropped. Consider e.g. the following example where one LLC PDU with a size of 150 bytes with sequence number N(U) = 53 is transmitted, after which another LLC PDU with a size of 200 bytes with sequence number N(U) = 54 is transmitted using MCS-6: 

BSN=20, LI(1)=58. ->58B belongs to PDU N(U)=52, 15B belongs to PDU N(U)=53
BSN=21, no LI     ->74B belongs to PDU N(U)=53
BSN=22, LI(1)=61. ->61B belongs to PDU N(U)=53, 12B belongs to PDU N(U)=54
BSN=23, no LI     ->74B belongs to PDU N(U)=54
BSN=24, no LI     ->74B belongs to PDU N(U)=54
BSN=25, LI(1)=40, ->40B belongs to PDU N(U)=54, 33B belongs to PDU N(U)=55
When the receiving side unpacks the above sequence, if everything is correctly received as e.g. it must be for RLC AM,  it concatenates the separate data chunks to form a upper layer PDU N(U)=53 with size 15+74+61=150B and another upper layer PDU N(U)=54 with size 12+74+74+40=200B

But again, assume instead that e.g. BSN=22, which contains a length indicator is dropped because of e.g. being discarded by the RLC NPM timer:

BSN=20, LI(1)=58. ->58B belongs to PDU N(U)=52, 15B belongs to PDU N(U)=53
BSN=21, no LI     ->74B belongs to PDU N(U)=53
??????  assume zeros, no LI->74B padding belongs to PDU N(U)=53
BSN=23, no LI     ->74B belongs to PDU N(U)=53
BSN=24, no LI     ->74B belongs to PDU N(U)=53
BSN=25, LI(1)=40, ->40B belongs to PDU N(U)=53, 33B belongs to PDU N(U)=55

Due to the loss of the length indicator in BSN=22, PDU N(U)=53’s end marker is lost and thus the start marker of PDU N(U)=54 is also lost. Instead the re-assembly will concatenate data chunks until a length indicator is found so that if will form a upper layer PDU N(U) = 53 with size 15+74+74(padding)+74+74+40=351bytes, which will fail the CRC check in the LLC layer, and be discarded there., and the next received upper layer PDU will be N(U)=55. 

As a summary of this example, what happened was that one RLC block containing parts of data belonging to two upper layer PDUs was lost, which in turn caused both these upper layer PDUs to be lost, which makes quite perfect sense.
2.3 Example 3 
Assume now that the size of each LLC PDU / upper layer PDU is only 40bytes and thus smaller than the 74 bytes that carried by each MCS-6 block. The transmitting entity may then fill up the rest of the MCS-6 block with the of LLC Dummy (UI) PDUs (see [2] ):

BSN=1, LI(1)=40, LI(2)=32
->40B belongs to PDU N(U)=52, 32B LLC Dummy
BSN=2, LI(1)=40, LI(2)=32
->40B belongs to PDU N(U)=53, 32B LLC Dummy
BSN=3, LI(1)=40, LI(2)=32
->40B belongs to PDU N(U)=54, 32B LLC Dummy
BSN=4, LI(1)=40, LI(2)=32
->40B belongs to PDU N(U)=55, 32B LLC Dummy
When unpacking the RLC blocks, two upper layer PDUs of size 40 and 32 bytes are found in each RLC block. Both are sent to the LLC layer, but the LLC Dummy PDUs are per definition discarded in the CRC check in the LLC layer (see [2]). 

If now instead the RLC block with BSN=2 is not received, the receiving RLC entity would again replace it with padding, and thus receive the following:
BSN=1, LI(1)=40, LI(2)=32
->40B belongs to PDU N(U)=52, 32B LLC Dummy
????? assume zeros, no LI
->74B padding belongs to PDU N(U)=53
BSN=3, LI(1)=40, LI(2)=32
->40B belongs to PDU N(U)=53, 32B LLC Dummy
BSN=4, LI(1)=40, LI(2)=32
->40B belongs to PDU N(U)=55, 32B LLC Dummy
When unpacking BSN=1 there is no problem; two LLC PDUs of size 40 and 32 bytes respectively is found; the LLC Data N(U) =52  and the LLC Dummy. The receiving RLC entity will then go on concatenating the 74 bytes padding from the not received BSN=2 with the first 40 bytes of BSN=3 (which really belonged to N(U)=54), until the next length indicator is found. This will result in a upper layer PDU N(U)=53 with size 74+40=114bytes, which of course will be discarded by the LLC layer.  The next LLC Data PDU correctly assembled will be N(U) =55 in BSN=4, so N(U) = 54 is never delivered .
The point here is that even though only data belonging to one upper layer PDU / LLC PDU is lost, still two LLC PDUs are dropped in the end!
3 Solution
The simple solution to avoid the problem of the above illustrated double drops of LLC PDUs, is that each RLC data block should have indication not only where the LLC PDU ends but also where it starts. This may be achieved by legacy procedures in the downlink, but not in the uplink as is illustrated in the following sub-sections 3.1 and 3.2:
3.1 Downlink

In the downlink, the problem as described in Example 3 in sub-section 2.3 above, can be solved by a clever use of dummy PDUs:

BSN=1, LI(1)=32, LI(2)=40
->32B LLC Dummy, 40B belongs to PDU N(U)=52
BSN=2, LI(1)=32, LI(2)=40
->32B LLC Dummy, 40B belongs to PDU N(U)=53
BSN=3, LI(1)=32, LI(2)=40
->32B LLC Dummy, 40B belongs to PDU N(U)=54
BSN=4, LI(1)=32, LI(2)=40
->32B LLC Dummy, 40B belongs to PDU N(U)=55
In this manner, not only the end but also the start of each LLC PDU is indicated.

Now, if BSN=2 is lost, the following will be assumed at the receiving RLC entity:
BSN=1, LI(1)=32, LI(2)=40 ->32B LLC Dummy, 40B belongs to PDU N(U)=52
????? assume zeros, no LI ->74B padding belongs to PDU N(U)=53
BSN=3, LI(1)=32, LI(2)=40 ->32B belongs to PDU N(U)=53, 40B belongs to PDU N(U)=54
BSN=4, LI(1)=32, LI(2)=40 ->32B LLC Dummy, 40B belongs to PDU N(U)=55

As can be seen, upper layer / LLC PDU N(U) = 53 is concatenated to the size 74+32=106B, and will be discarded by the LLC layer. But now the LLC PDU N(U)=54 is correctly received, in contrast to as in Example 3. Thus, by indicating not only the end but also the start of each LLC PDU, loosing one RLC block will not trigged a double-drop of upper layer/LLC PDUs, as was the case earlier.
3.2 Uplink
The above proposed solution for the downlink is unfortunately not possible to use in the uplink, because the MS is not allowed to transmit LLC (UI) Dummy command. Nevertheless it is highly desirable to be able to reach the same results also in the uplink, namely that – in order to avoid double drops of LLC PDUs -  each RLC data block should have indication not only where the LLC PDU ends but also where it starts.

The solution is to allow the transmitting entity to always include a leading extra Length Indicator (serving as a Begin Indicator) which can be set to “0” to indicate that this data shall not be concatenated with the previous RLC block. An uplink example would then be to transmit:
BSN=1, LI(1)=0, LI(2)=40 -> 40B belongs to PDU N(U)=52 + padding
BSN=2, LI(1)=0, LI(2)=40 -> 40B belongs to PDU N(U)=53 + padding
BSN=3, LI(1)=0, LI(2)=40 -> 40B belongs to PDU N(U)=54 + padding
BSN=4, LI(1)=0, LI(2)=40 -> 40B belongs to PDU N(U)=55 + padding
Thus, if BSN=2 again is lost, then the following will be received:

BSN=1, LI(1)=0, LI(2)=40 -> 40B belongs to PDU N(U)=52 + padding
????? assume zeros, no LI -> 74B padding belongs to PDU N(U)=53
BSN=3, LI(1)=0, LI(2)=40 -> 40B belongs to PDU N(U)=54 + padding
BSN=4, LI(1)=0, LI(2)=40 -> 40B belongs to PDU N(U)=54 + padding

The receiving side will then out of BSN=1 unpack the 40 bytes of data to N(U) =52 and then some padding. BSN=2 which was lost will still be replaced by 74 bytes of zero padding, but because the LI(1)=0 in BSN=3 this zero padding will form a (useless) LLC PDU by itself, which of course will still fail in the CRC check of LLC. This will however not affect the following 40 bytes, which will form a (useful) LLC PDU N(U)=54. Thus again, by indicating not only the end but also the start of each LLC PDU, loosing one RLC block will not trigged a double-drop of upper layer/LLC PDUs.
4 Simulations
To quantify the gain of avoiding these multiple LLC drops, simulations have been performed for a VoIP scenario with two users communicating end-to-end. The Frame Erasure Rate (FER) have been evaluated. More specifically, the difference in coverage for the VoIP service (i.e. the lowest C/I for which the 2% FER requirement is met) is highlighted and the results for when the suggested improvement is used and when it is not.
4.1 Simulator Setup

For each sample, 300 seconds of speech have been simulated. The important simulator parameters and are as defined in Tables 1, 2 and 3 below:

Table 1 - Radio environment related parameters and settings
	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Yes. Ideal.

	Interference/noise
	Co-channel.

	Slow Fading
	No log-normal fading but rather a fixed mean C/I=5…30dB has been used in addition to the fast fading.

	IRC
	Yes (UL)


Table 2 – Application and RTP/UDP/IP related parameters and settings
	Parameter
	Value

	Application Type
	Voice over IP, VoIP

	Requirements
	Maximum 300ms mount-to-ear delay e-2-e with maximum 2% FER.

	Speech Codec(s)
	AMR 7.40 and AMR 12.65 (WB)

	Speech Frame Length 
	20ms

	Traffic 
Model Description
	Two mobile user having one conversation ongoing during the whole simulation, which is 300 seconds per sample. Both users speaking but only 50% of the time each. The talking party is alternating, and thus there will be no overlaps nor mutual silence. The speech bursts are exponentially distributed with mean duratrion set to  5 seconds.

	Speech Encoding/ Decoding Delay 
	15ms/15ms

	SID/DTX Frames
	Yes. 39 bits.

	SIP Signaling
	Not used.

	Total RTP+UDP+IP Headers
	12 byte RTP +  8 byte UDP + 20 byte IP = in total 40 bytes. 

	ROHC
	Yes. ROHC v.1.x


Table 3 – RLC/MAC and other parameters and settings
	Parameter
	Value

	TTI
	10ms (RTTI) 

	RLC mode
	RLC Non-Persistent Mode (NPM) with NPM timer = 100ms

	Event Based FANR
	Yes

	MS Reaction time /RRBP
	20ms or 6/7 TDMA frames

	Abis delay, UL/DL
	10ms / 10ms (fixed)

	MCS
	1,2,3,5,6,7

	Timeslot Allocation
	4 +4  (single-carrier)

	LLC Max MTU size
	512 bytes

	LLC Header Size
	10 bytes = 80bits


4.2 Simulation Results  

In Figures 1 and 2 below, the Frame Erasure Rate, FER, is shown for AMR 7.40 and AMR 12.65 respectively, in the simulated environment as described in the previous section. 
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Figure 1 – Frame Erasure Rate (FER) for AMR 7.40
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Figure 2 – Frame Erasure Rate (FER) for AMR 12.65 (WB)

As can be seen from Figures 1 and 2 above, the improved usage of the RLC length indicator increases the VoIP service coverage between 0.5 and 0.7dB in the here evaluated scenarios. 
5 Changes Needed to the 3GPP TS 44.060

As shown so far in this paper, it is thus important to, in each RLC data block, indicate not only where the LLC PDU end(s) but also where it starts. This may be achieved by legacy methods in the downlink, but for the uplink a change to the 3GPP TS 44.060 are needed. In order to simplify e.g. implementation, configuration testing, it is however proposed that the same procedures should be applied in both uplink and downlink, and thus to do the following modifications to 44.060: 

Firstly in section 10.4.14a “Length Indicator (LI) field in EGPRS TBF mode and TCH TBF mode (Iu mode)”, the following statement should be added:

Additionally, during RLC non-persistent mode of operation, if the last segment of the current Upper Layer PDU is included in the current RLC data block, then a Length Indicator taking the value 0 shall be placed as the first Length Indicator in the next in sequence RLC data block which includes the first segment of the next Upper Layer PDU. No more than one length indicator with the value 0 shall be included in each RLC data block.
Also, the following Table 10.4.14a.1 which summarizes the interpretation of the length indicator should be updated accordingly.
The full implementation of these changes can be found in the accompanying CRs [3] and [4].
6 Conclusions

Based on the arguments presented in this paper, including the simulation results from section 4, it should be evident that it is important to, in each RLC data block, indicate not only where the LLC PDU ends but also where it starts. Therefore it is proposed that the changes needed for 3GPP TS 44.060 as described in section 5 and thus in the accompanying CRs [3] and [4] , are endorsed and/or approved by GERAN#41.
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