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1 Introduction
The Downlink Multi-carrier, DLMC, feature was started as a work item (DMCG) at GERAN#55, see [1] . 

In short, the feature enables the allocation of multiple carriers ((2) to a MS in the downlink, while avoiding additional requirements on the MS HW to support the feature, in contrast to the Downlink Dual Carrier feature.

A maximum number of 16 carriers can be assigned the MS (see WA20 in [2]), while keeping the definition of the current multislot classes intact (see WA21 in [2]). This will lead to a potential 8x increase in the number of RLC data blocks transmitted per TTI on the DL compared to DLDC.

It has been shown in [5] that an increase of up to 16 carriers in the DL while using legacy RLC window size constraints will lead to an increased risk of stalling the RLC window, consequently reducing the throughput to the end-user.

This paper analyses the possible extension of the maximum RLC window size (WS) and sequence number space (SNS) to cater for the increased number of RLC blocks transmitted per TTI on the DL when using the DLMC feature.

2 Background
When operating in RLC Acknowledged Mode (AM) on the DL, there is a need for the MS to report the reception of RLC data blocks in order for the transmitter to progress the RLC transmit window. This is done in either a PDAN or PAN. 
The sequence number space, SNS, limits the number of Block Sequence Numbers (BSNs) used by the RLC engine. To a certain SNS, there is an associated Window Size (WS) which effectively establishes a maximum BSN distance between the BSN of the oldest outstanding (not yet Acked) block transmitted and the BSN of the next RLC block pending transmission (i.e. that has not yet been transmitted). If this WS limitation is reached, the RLC protocol is stalled, and there can be no new RLC data block transmissions until the MS has Acked the oldest outstanding block.

The maximum WS of the legacy RLC protocol is either 64 or 1024 for GPRS and EGPRS (including EGPRS2) respectively.
There are between 1-4 RLC data blocks in a Radio Block depending on the Modulation and Coding Scheme (MCS) used.

Table 1. Maximum number of RLC blocks per feature

	Feature
	Maximum number of 

RLC blocks per MCS

	GPRS
	1

	EGPRS
	2

	EGPRS2-A
	3

	EGPRS2-B
	4


Since EGPRS2-B will not be supported by the DLMC feature (see WA6 in [1]) there will be a limit of 3 RLC blocks per MCS.

3 RLC / MAC header format
All current RLC / MAC header types for EGPRS/EGPRS2-A contain 1-3 BSN number fields (and therefore 1-3 RLC blocks). BSN1 is always 11 bits while the subsequent BSN fields are defined relative to BSN1 and are 10 bits long. An example of the RLC/MAC header for MCS-7/8/9 is shown in Table 2, see also [4].
In general, the same header format applies when FANR is activated with the difference that the 4 bits covered by RRBP field and ES/P field is combined to a 1 bit PANI field and a 3 bit CES/P field, see [4].

Table 2. Header type 1 (MCS-7/8/9)

	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


4 RLC / MAC transmission

The transmission of RLC data blocks in GSM/EDGE is done within a limited set of payload families.  When a RLC data block is being re-transmitted, another MCS can be used compared to the initial transmission, but the MCS used for the re-transmission needs to belong to the same payload family as the initial MCS.
Further, due to the potential segregation of USF and/or PAN transmission in the DL due to different MSs with different capabilities being multiplexed on the same resources (but not supporting a common set of modulation schemes), a MS supporting a feature using higher order modulation will generally also have to support the MCS set of the feature using lower order modulation. For example, it is mandatory for an EGPRS2-A MS to support transmission of a number of EGPRS MCSs, in order for the network to schedule a USF/PAN to an EGPRS MS while transmitting the payload to the EGPRS2-A MS.
Given these transmission limitations it is of interest to find a common solution for extending the RLC BSN space that apply to all downlink header types that support the EGPRS/EGPRS2/FANR features.
5 Extension of the RLC window size
General

To extend the RLC SNS and WS there is a need to extend the BSN fields in the RLC/MAC headers as well as the Starting Sequence Number (SSN) used as reference in the Ack/Nack feedback sent from the MS to the BSS.

As per discussion in Section 4, a preferable solution is a uniform extension across all MCSs (EGPRS) and DASs (EGPRS2-A) to ensure no impact on the limitations associated with legacy RLC block transmissions. 

Further, it is assumed that the extension of the BSN space shall not give rise to any confusion at the receiver (i.e. an unambiguous mapping) regarding which blocks have been transmitted/reported.
PR field

In the current RLC/MAC header format there is a Power Reduction (PR) field used to indicate the power level reduction of the current RLC block(s), see for example Table 2. The field is common to all headers for EGPRS/EGPRS2/FANR.
Whether or not the information in the field is used at the terminal side is dependent on implementation. The specification defines that:

There is one value of the PR field which indicates that the field shall be ignored by the MS.

If downlink power control is not used, the MS shall ignore the PR field.

If downlink power control is used and the PR field is not included in a downlink RLC/MAC control block, the MS shall act as if the block contained a usable PR field with value ‘0 0’.
Thus, the information in the field is not required for a MS implementation, and is not always used. The field is already today ignored if no power control is used, or if the field is not included in a downlink RLC/MAC control block, see above.
If the field is used in the MS implementation, it is generally used to adjust the Automatic Gain Control of the MS receiver to set the dynamic range of the receiver for incoming radio blocks. However, when going to wideband reception, the information of the signal level of the wanted signal is of less importance since all signals within the MS’s IBW will be received, in which case the composite signal across the IBW is what is of importance for AGC.
It is thus proposed to eliminate the use of the PR field in multi-carrier operation, thereby releasing two bits in the RLC/MAC header space for supporting DLMC BSN space related functionality.

RRBP / CES/P

The CES/P is used by the network to request feedback from the mobile station regarding Ack/Nack information and/or measurement reports when FANR operation is enabled. Two different poll response times (i.e. relative to the downlink block where  the poll is received by the MS) are used to reserve the block on the UL wherein the poll response is to be sent by the MS. Different response times are used to allow for more flexibility in the scheduling of poll responses from network side. The current CES/P field is shown in Table 3. Different response times exist for Basic Transmission Time Interval (BTTI) or Reduced Transmission Time Interval (RTTI).

Table 3. Current CES/P field (3 bits)
	bits
6 5 4
	CES/P

	
	Feedback
	Reserved Block

	
	
	BTTI
	RTTI

	0 0 0
	no Polling
	-
	-

	0 0 1
	Extended Ack/Nack bitmap type FPB
	(N+8 or N+9) mod 2715648
	(N+6 or N+7) mod 2715648

	0 1 0
	Extended Ack/Nack bitmap type FPB
	(N+13) mod 2715648
	(N+8 or N+9) mod 2715648

	0 1 1
	Piggy-backed Ack/Nack bitmap type FPB (see sub-clause 8.1.2.2) see note
	(N+8 or N+9) mod 2715648
	(N+6 or N+7) mod 2715648

	1 0 0
	Piggy-backed Ack/Nack bitmap type FPB (see sub-clause 8.1.2.2) see note
	(N+13) mod 2715648
	(N+8 or N+9) mod 2715648

	1 0 1
	Extended Ack/Nack bitmap type NPB, measurement report included
	(N+8 or N+9) mod 2715648
	(N+6 or N+7) mod 2715648

	1 1 0
	Extended Ack/Nack bitmap type NPB, measurement report included
	(N+13) mod 2715648
	(N+8 or N+9) mod 2715648

	1 1 1
	Extended Ack/Nack bitmap type NPB
	(N+8 or N+9) mod 2715648
	(N+6 or N+7) mod 2715648

	NOTE:
In case where a PAN cannot be sent, the Extended Ack/Nack bitmap type NPB with measurement report included shall be transmitted on the allocated reserved block instead (see sub-clause 9.1.14.2).


One way of reducing the CES/P is to only allow for one poll response time. This is motivated by the evolution of the standard since the CES/P was defined. I.e. the features that require an extension of the RLC SNS (i.e. the BSN space) and WS do so because the number of Radio Blocks transmitted in a TTI has increased. Thus, instead of the current flexibility of allowing the reservation of different future uplink radio blocks for sending the poll response, a feature such as MCDL expands the flexibility of the network to poll a MS on several DL carriers and timeslots. Thus, the overall impact on the flexibility of the network to poll the MS based on introducing one possible poll response time is small. A reduced CES/P field is shown in Table 4.

It can be noted that already today there is not sufficient code point space within the CES/P to support all options of Ack/Nack reporting type, message type, measurement report inclusion and response time. All possible combinations would result in 13 code points needed (1(no poll) + 2(FPB or NPB)*2(Measurement report or not included)*2(Different reserved block periods) (for PDAN) + 2(FPB or NPB)*2(Different reserved block periods)). The reduced CES/P field needs to reduce these options even further, allowing for only one possible poll response time, and removing some options e.g. the option of sending an ‘Extended Ack/Nack bitmap NPB with no measurement report included’.

One possible reduction of the CES/P field is shown in Table 5.

Table 4. Reduced CES/P (2 bits)
	bits
5 4
	CES/P

	
	Feedback
	Reserved Block

	
	
	BTTI
	RTTI

	0 0
	no Polling
	-
	-

	0 1
	Extended Ack/Nack bitmap type FPB and if there is enough room left in the RLC/MAC block, channel quality report(s)
	(N+8 or N+9) mod 2715648
	(N+6 or N+7) mod 2715648

	1 1
	Channel quality report(s) and if there is enough room left in the RLC/MAC block, Extended Ack/Nack bitmap type NPB
	(N+8 or N+9) mod 2715648
	(N+6 or N+7) mod 2715648

	1 0
	Piggy-backed Ack/Nack bitmap type FPB (see sub-clause 8.1.2.2) - see note
	(N+8 or N+9) mod 2715648
	(N+6 or N+7) mod 2715648

	NOTE:
In case where a PAN cannot be sent, the Extended Ack/Nack bitmap type NPB with measurement report included shall be transmitted on the allocated reserved block instead (see sub-clause 9.1.14.2).


The RRBP is similar to the CES/P field in that it indicates the block reserved for a response by the MS when not in FANR operation. 

This can similarly be reduced by limiting the number of different periods for the reserved block on the UL. It is further proposed to only allow for an N+8 or N+9 response time for the case of a MS in DLMC configuration receiving a Reduced RRBP field as shown in Table 6.
Table 5. Current RRBP (2 bits) (FANR not activated)
	bit
6-5/7-6
	Full-rate PDCH uplink block with TDMA frame number
	Half-rate PDCH uplink block with TDMA frame number

	0 0
	(N+13) mod 2715648
	Reserved

	0 1
	(N+17 or N+18) mod 2715648
	(N+17 or N+18) mod 2715648

	1 0
	(N+21 or N+22) mod 2715648
	Reserved

	1 1
	(N+26) mod 2715648
	(N+26) mod 2715648


Table 6. Reduced RRBP (1 bit) (FANR not activated)
	bit
5/6
	PDCH uplink block with TDMA frame number

	0
	(N+8 or N+9) mod 2715648

	1
	Reserved


A corresponding RRBP field when FANR is activated is, as per legacy operation, also needed with reduced reaction times for the MS.
BSN space extension

Based on the simulations provided in [5] a 4x extension of the SNS and WS in the RLC protocol engine is sufficient to provide stalling protection. The 4x extension implies a 2 bit extension of the BSN number fields.
The elimination of the PR field functionality and the reduction of the RRBP / CES/P and its impact on the BSN size are summarized in Table 7.
Table 7. Impact on RLC/MAC Header from BSN expansion.
	Feature
	MCS
	Header type 

(HT)
	Total spare bits

[from PR; from RRBP; legacy spare bits]
	Spare bits left after removal of PR field and extension of BSN space
	Resulting

BSN X size (BSN1+ BSN2, etc)
	Comment

	EGPRS
	MCS-1
	3
	2;1;0 = 3
	1
	13
	No restriction in addressing BSN numbers

	
	MCS-2
	
	2;1;0 = 3
	1
	13
	

	
	MCS-3
	
	2;1;0 = 3
	1
	13
	

	
	MCS-4
	
	2;1;0 = 3
	1
	13
	

	
	MCS-5
	2
	2;1;0 = 3
	1
	13
	

	
	MCS-6
	
	2;1;0 = 3
	1
	13
	

	
	MCS-7
	1
	2;1;0 = 3
	0
	13+11
	Some restriction of addressing BSN2

	
	MCS-8
	
	2;1;0 = 3
	0
	13+11
	

	
	MCS-9
	
	2;1;0 = 3
	0
	13+11
	

	EGPRS2-A
	DAS-5
	2
	2;1;0 = 3
	1
	13
	No restriction in addressing BSN numbers

	
	DAS-6
	
	2;1;0 = 3
	1
	13
	

	
	DAS-7
	
	2;1;0 = 3
	1
	13
	

	
	DAS-8
	4
	2;1;2 = 5
	1
	13+12
	

	
	DAS-9
	
	2;1;2 = 5
	1
	13+12
	

	
	DAS-10
	10
	2;1;2 = 5
	1
	13+12
	

	
	DAS-11
	5
	2;1;2 = 5
	0 
	13+12+11
	Some restriction of addressing BSN3

	
	DAS-12
	
	2;1;2 = 5
	0
	13+12+11
	


As can be seen from the table above the removal of the PR field and RRBP / CES/P will allow for the extension of the RLC window by 2 bits.

However, only a 1 bit extension is possible for the second BSN in MCSs carrying 2 RLC blocks for EGPSR (MCS-7-9). Correspondingly for MCSs carrying 3 RLC blocks for EGPRS2-A (DAS-11, DAS-12), an extension of only 1 bit is possible for BSN3.
The impact on this is illustrated in Figure 1 and exemplified for DAS-11/12 where it can be seen that the only rule on BSN mapping this imposes is when BSN2 is separated more than 2048 BSN numbers from BSN3, in which case another set of BSNs needs to be chosen (i.e. the transmitter must select a different set of 3 RLC blocks having BSN numbers that can be mapped into BSN1, BSN2 and BSN3 subject to this BSN2-BSN3 separation limitation). 
It is further assumed that BSN2 and BSN3 both are defined relative to BSN1 (as defined today).


[image: image1]
Figure 1. Mapping of BSN1-3 onto the SNS.
It is expected that this mapping rule will impose a minor restriction on the set of RLC blocks (BSNs) the transmitter can include within any given radio block, especially considering that the current maximum BSN separation of 1024 is still expanded with a factor of two with the new RLC/MAC header. The impact on the BSN restriction to the DLMC performance is evaluated in [6].
Further, if a set of BSNs (and corresponding RLC blocks) is found that does not comply with the mapping rule:

· A not yet transmitted RLC block can be inserted instead of a re-transmitted RLC block (that typically would have been chosen for inclusion in the preferred set due to its higher priority) wherein the corresponding BSNs satisfy the mapping rule (given that there is no stalling condition, which should occur with low probability).

· A lower MCS belonging to the same payload family can be used, carrying 2 BSNs (DAS-9 or DAS-10), in which case no specific mapping rule is needed.

· A pre-emptive re-transmission can be done whereby a RLC block satisfying the mapping rule is selected for the re-transmission.
Selection of window size

Today the same SNS is used in EGPRS regardless of single/dual carrier operation or EGPRS/EGPRS2 TBF, but different window sizes are used depending on the number of assigned timeslots in the direction of the TBF, see [3]. A similar principle is extended to DLMC operation when increasing the window size. It is proposed to set RLC window size equal to the MS buffer size supported while in DLMC configuration, see Table 9. The RLC buffer size is dependent on the maximum number of TS supported by the MS.
The current dependency on assigned number of timeslots and RLC window size allowed to be used is shown in Table 8.
Table 8. Allowed window sizes in EGPRS TBF mode for different multislot allocations

	Window size
	Coding
	Timeslots assigned (multislot capability)

	
	
	1
	2
	3
	4
	5
	6
	7
	8

	64
	00000
	
	
	
	
	
	
	
	

	96
	00001
	
	
	
	
	
	
	
	

	128
	00010
	
	
	
	
	
	
	
	

	160
	00011
	
	
	
	
	
	
	
	

	192
	00100
	Max
	
	
	
	
	
	
	

	224
	00101
	
	
	
	
	
	
	
	

	256
	00110
	
	Max
	
	
	
	
	
	

	288
	00111
	
	
	
	
	
	
	
	

	320
	01000
	
	
	
	
	
	
	
	

	352
	01001
	
	
	
	
	
	
	
	

	384
	01010
	
	
	Max
	
	
	
	
	

	416
	01011
	
	
	
	
	
	
	
	

	448
	01100
	
	
	
	
	
	
	
	

	480
	01101
	
	
	
	
	
	
	
	

	512
	01110
	
	
	
	Max
	
	
	
	

	544
	01111
	
	
	
	
	
	
	
	

	576
	10000
	
	
	
	
	
	
	
	

	608
	10001
	
	
	
	
	
	
	
	

	640
	10010
	
	
	
	
	Max
	
	
	

	672
	10011
	
	
	
	
	
	
	
	

	704
	10100
	
	
	
	
	
	
	
	

	736
	10101
	
	
	
	
	
	
	
	

	768
	10110
	
	
	
	
	
	Max
	
	

	800
	10111
	
	
	
	
	
	
	
	

	832
	11000
	
	
	
	
	
	
	
	

	864
	11001
	
	
	
	
	
	
	
	

	896
	11010
	
	
	
	
	
	
	Max
	

	928
	11011
	
	
	
	
	
	
	
	

	960
	11100
	
	
	
	
	
	
	
	

	992
	11101
	
	
	
	
	
	
	
	

	1024
	11110
	
	
	
	
	
	
	
	Max

	Reserved
	11111
	x
	x
	x
	x
	x
	x
	x
	X

	NOTE:
The shaded cells represent the allowed window sizes.


Table 9. Proposed RLC buffer size (same as RLC window size) for DLMC configurations.

	
	Maximum amount N of timeslots the MS supports in downlink (see note 1)

	
	6 - 8
	9 - 16
	17 - 24
	32 or more

	RLC buffer size S (see note 2)
	1024
	2048
	3072
	4096

	NOTE 1:
See MS Radio Access Capability IE in 3GPP TS 24.008 

NOTE 2:
A mobile station that supports up to N downlink timeslots in DLMC configuration shall support an RLC buffer that can store S RLC data blocks


6 Using higher MCSs for PDAN
General 

As already pointed out in [4] the DLMC feature will put more strains to the reporting from the MS side since the DLMC feature increases the possible resource assignment asymmetry. To allow for a corresponding increase of reporting space to match the extended RLC window size, one can allow for the use of higher MCSs to convey the reporting from the MS. The use of the higher MCSs should be under network control and it is investigated in the following sections the implications of such an approach. 
Link Quality control

One concern of using higher MCSs would be less protection of the control information. It is however expected that with the use of higher MCSs on the DL (that implies an increase of the number of RLC blocks per TTI) the UL quality can often allow for a higher MCS to be used without negatively impacting the control channel performance.
A simple implementation to eliminate the need for signaling which MCS to use on the uplink control channels is to use a pre-defined look-up table which relates the MCS for the control channel on the uplink with the MCS used for data transmission on the downlink. This allows for the use of higher MCSs compared with today when only CS-1 transmission is used.  This ensures that a MCS lower than the commanded MCSs for downlink data is used for uplink control signaling. 

An exemplary implementation of the MCS for control signaling can be seen below.

	..the MCS carrying payload commanded by the network
	..implies the following MCS when carrying PDAN

	MCS-1-4
	CS-1

	MCS-5-6
	MCS-2

	MCS-7-9
	MCS-5


It is left FFS how the network should control the MCSs used for control signaling.
Identification and false detection

Another issue that needs to be resolved is the false detection of control blocks sent with higher MCS than CS-1. A related discussion took place during the standardization phase of MCS-0 for the LATRED work where a CRC code of 18 bits was used to give similar false detection performance as the fire code used in CS-1 (MCS-0 was defined to allow for BTTI USF mode for RTTI transmission). It is proposed to use the same CRC code when control blocks are used for higher MCSs.
An example is shown in Table 9 on how this could be implemented for MCS-3.
Table 10. Header coding for MCS-0 (top) and MCS-3 for control signaling (below).
	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	Payload type
	Spare
	RRBP
	S/P
	USF
	1

	0
	0
	0
	0
	0
	0
	0
	0
	2

	0
	0
	0
	0
	0
	0
	0
	0
	3

	
	0
	0
	CPS
	Spare
	4

	NOTE2:
Field indicated as ‘0’ will be replaced by an 18 bit CRC during the channel coding, see sub-clause 5.1.4a.1.4 in 3GPP TS 45.003.


	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	0
	0
	0
	0
	0
	0
	0
	R
	1

	0
	0
	0
	0
	0
	0
	0
	0
	2

	CPS
	Spare
	0
	0
	0
	3

	
	Control message content
	CPS
	4

	NOTE: Field indicated as ‘0’ will be replaced by an 18 bit CRC during the channel coding, see sub-clause X in 3GPP TS 45.003.


It should be noted that the use of the CPS to identify the control channel MCS cannot be done for all EGPRS/EGPRS2-A MCSs due to lack of code-points. It is however only MCS-5/6 and UAS-10/11 that lack this possibility. Further, it is not expected that a full link quality control of control messages will be needed to cater for the increased RCL window size. 
7 Conclusion
Based on the simulations provided in [5], where it is indicated that an increased RLC window size and Ack/Nack bitmap size is needed for large configurations of the DLMC feature, the paper shows:

· A possible way to extend the RLC window size with 2 bits, allowing an effective 4x increase in window size
· How the use of higher MCSs on the UL can allow for a corresponding increase in the reporting space.

The provided concepts in the paper attempts to re-use existing functionality and design in the GERAN specifications to allow for an as easy implementation as possible of extended RLC related functionality for MS capable of supporting a high maximum number of downlink timeslots. The modification to the RLC/MAC channel coding is avoided by removing fields or compressing the currently defined fields in the headers, to avoid a re-definition of the channel coding for the EGPRS and EGPRS2 headers.
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