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Implications of EGPRS level changes during TBF
1. Introduction

From Rel-7 in GERAN, EGPRS level can be one of EGPRS or EGPRS2-A or EGPRS2-B in both uplink and downlink. It is possible that the EGPRS level changes during the TBF. The rules for how retransmissions are done after an EGPRS level changes from one to other are not clear in 44.060. This document highlights potential issues with certain EGPRS level changes and rules that need to be defined in other cases to guarantee seamless transition from one EGPRS level to other. 
2. Need for EGPRS level change during TBF

The network might need to change the EGPRS level of a TBF because of various reasons including:

1. During one phase access setting the TBF using EGPRS and then switching to EGPRS2-A/B depending on the support from network and mobile.

2. Changing radio conditions.
3. Need for resource and load balancing on a given TRX (not all TRXs in the BTS might support a given EGPRS level).
4. During and after PS handover.

3. EGPRS Level ChaNges
In uplink and downlink, from Rel-7 onwards, EGPRS level could be one of:

1. EGPRS

2. EGPRS2A

3. EGPRS2B

It is the assumption that during a TBF, the network is allowed to change the EGPRS level of a given TBF to any other EGPRS level supported by both the mobile and the network. Thus there are a total of 6 different level changes possible both in uplink and downlink. 

3.1 Uplink EGPRS level changes

3.1.1 EGPRS -> EGPRS2-A

EGPRS uses MCS-1 to MCS-9. EGPRS2A uses MCS-1 to MCS-6 and UAS-7 to UAS-11. Hence, MCS-1 to MCS-6 are common to both levels. However, when used with padding, MCS-6 and MCS-3 are used with 10 byte padding in EGPRS2-A whilst they are used with 6 byte padding in EGPRS. For retransmission of blocks, the following cases occur as shown in Table 1. 
Table 1: Retransmission cases after EGPRS -> EGPRS2A transition

	coding scheme used for EGPRS transmission
	Coding scheme to be used in EGPRS2-A when the commanded coding scheme is

	 
	MCS-1
	MCS-2
	MCS-3
	MCS-4
	MCS-5
	MCS-6
	UAS-7
	UAS-8
	UAS-9
	UAS-10
	UAS-11

	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1

	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2

	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3

	MCS-4
	MCS-1

MCS-4
	MCS-1

MCS-4
	MCS-1

MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4

	MCS-5
	MCS-2 MCS-5
	MCS-2 MCS-5
	MCS-2 MCS-5
	MCS-2 MCS-5
	MCS-5
	MCS-5
	UAS-7
	UAS-7
	UAS-7
	UAS-10
	UAS-10

	MCS-6
	MCS-3 MCS-6
	MCS-3 MCS-6
	MCS-3 MCS-6
	MCS-3 MCS-6
	MCS-6†
	MCS-6
	MCS-6
	MCS-6
	UAS-9
	UAS-9
	UAS-9

	MCS-7
	MCS-2 MCS-5
	MCS-2 MCS-5
	MCS-2 MCS-5
	MCS-2 MCS-5
	MCS-5
	MCS-5
	UAS-7
	UAS-7
	UAS-7
	UAS-10
	UAS-10

	MCS-8
	MCS-3*
MCS-6*
	MCS-3*
MCS-6*
	MCS-3*
MCS-6*
	MCS-3*
MCS-6*
	MCS-6*†
	MCS-6*
	MCS-6*
	MCS-6*
	MCS-6*
UAS-9*
	MCS-6*
UAS-9*
	MCS-6*
UAS-9*

	MCS-9
	MCS-3
MCS-6
	MCS-3
MCS-6
	MCS-3
MCS-6
	MCS-3
MCS-6
	MCS-6†
	MCS-6
	MCS-6
	MCS-6
	UAS-9
	UAS-9
	UAS-9

	 
	 

	Legend
	With segmentation 
Without segmentation
	* See discussion on padding below
	† Higher coding scheme than what was commanded is proposed to be used to avoid segmentation


In constructing the table above, the following general principles are followed. 
1. When selecting a MCS for retransmission, the MCS closest to the original scheme but which is equal to or lower (more robust) than the commanded MCS and belonging to the same family as the original scheme is chosen. 

2. In some cases, selecting a lower coding scheme than what is commanded is obviously not possible (if there is no lower coding scheme of the same family). In this case, the most robust coding scheme of the family is chosen. 

3. In some cases higher MCS than what is commanded is selected to avoid segmentation (even though a lower MCS of the family exists choosing which mandates segmentation). These cases are marked with † in the above table. 
* It should be noted that in EGPRS, when MCS-8 is retransmitted using MCS-6, 6 octets are used for padding. However, when the level changes to EGPRS2-A, the padding for MCS-6 implicitly means 10 octet padding. When the current EGPRS level is EGPRS2-A and if the receiver knows that in the past there was a change from EGPRS to EGPRS2-A, there is an ambiguity in the padding length when a block is received using MCS-6. To avoid this ambiguity, it is proposed that this transition is allowed only if MCS-8 has never been commanded in EGPRS. Another way of resolving this issue could be to use some free code-points in the CPS field of Header type 2 to indicate different padding lengths but preventing the usage of MCS-8 before the transition is the most straightforward and simplest solution in our opinion. 

3.1.2 EGPRS -> EGPRS2-B

EGPRS uses MCS-1 to MCS-9. EGPRS2B uses MCS-1 to MCS-4 and UBS-5 to UBS-12. Hence, MCS-1 to MCS-4 are common to both levels. The padding used for family A padding cases is the same (6 bytes) both for EGPRS and EGPRS2-B. For retransmission of blocks, the following cases occur as shown in Table 3. 

Table 3: Retransmission cases after EGPRS -> EGPRS2-B transition 

	coding scheme used for EGPRS transmission
	Coding scheme to be used in EGPRS2-B when the commanded coding scheme is

	 
	MCS-1
	MCS-2
	MCS-3
	MCS-4
	UBS-5
	UBS-6
	UBS-7
	UBS-8
	UBS-9
	UBS-10
	UBS-11
	UBS-12

	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1

	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2

	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3

	MCS-4
	MCS-1

MCS-4
	MCS-1

MCS-4
	MCS-1

MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4

	MCS-5
	MCS-2 UBS-5
	MCS-2 UBS-5
	MCS-2 UBS-5
	MCS-2 UBS-5
	UBS-5
	UBS-5
	UBS-7
	UBS-7
	UBS-9
	UBS-9
	UBS-9
	UBS-9

	MCS-6
	MCS-3 UBS-6
	MCS-3 UBS-6
	MCS-3 UBS-6
	MCS-3 UBS-6
	UBS-6†
	UBS-6
	UBS-6
	UBS-8
	UBS-8
	UBS-10
	UBS-10
	UBS-12

	MCS-7
	MCS-2 UBS-5
	MCS-2 UBS-5
	MCS-2 UBS-5
	MCS-2 UBS-5
	UBS-5
	UBS-5
	UBS-7
	UBS-7
	UBS-9
	UBS-9
	UBS-9
	UBS-9

	MCS-8
	MCS-3
UBS-6
	MCS-3
UBS-6
	MCS-3
UBS-6
	MCS-3
UBS-6
	UBS-6†
	UBS-6
	UBS-6
	UBS-8
	UBS-8
	UBS-10
	UBS-11
	UBS-11

	MCS-9
	MCS-3
UBS-6
	MCS-3
UBS-6
	MCS-3
UBS-6
	MCS-3
UBS-6
	UBS-6†
	UBS-6
	UBS-6
	UBS-8
	UBS-8
	UBS-10
	UBS-10
	UBS-11

	 
	 
	 

	Legend
	With segmentation 
Without segmentation
	† Higher coding scheme than what was commanded is proposed to be used to avoid segmentation


3.1.3 EGPRS2-B -> EGPRS

Table 4: Retransmission cases after EGPRS2-B -> EGPRS transition
	coding scheme used for EGPRS2-B transmission
	Coding scheme to be used in EGPRS when the commanded coding scheme is

	 
	MCS-1
	MCS-2
	MCS-3
	MCS-4
	MCS-5
	MCS-6
	MCS-7
	MCS-8
	MCS-9

	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1

	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2

	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3
	MCS-3

	MCS-4
	MCS-1

MCS-4
	MCS-1

MCS-4
	MCS-1

MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4

	UBS-5
	MCS-2 MCS-5
	MCS-2 MCS-5
	MCS-2 MCS-5
	MCS-2 MCS-5
	MCS-5
	MCS-5
	MCS-7
	MCS-7
	MCS-7

	UBS-6
	MCS-3 MCS-6
	MCS-3 MCS-6
	MCS-3 MCS-6
	MCS-3 MCS-6
	MCS-6†
	MCS-6
	MCS-6
	MCS-6
MCS-8
	MCS-9
MCS-8

	UBS-7
	MCS-2 MCS-5
	MCS-2 MCS-5
	MCS-2 MCS-5
	MCS-2 MCS-5
	MCS-5
	MCS-5
	MCS-7
	MCS-7
	MCS-7

	UBS-8
	MCS-3
MCS-6
	MCS-3
MCS-6
	MCS-3
MCS-6
	MCS-3
MCS-6
	MCS-6†
	MCS-6
	MCS-6
	MCS-6
MCS-8
	MCS-9
MCS-8

	UBS-9
	MCS-2 MCS-5
	MCS-2 MCS-5
	MCS-2 MCS-5
	MCS-2 MCS-5
	MCS-5
	MCS-5
	MCS-7
	MCS-7
	MCS-7

	UBS-10
	MCS-3
MCS-6
	MCS-3
MCS-6
	MCS-3
MCS-6
	MCS-3
MCS-6
	MCS-6†
	MCS-6
	MCS-6
	MCS-6
MCS-8
	MCS-9
MCS-8

	UBS-11
	MCS-3
MCS-6
	MCS-3
MCS-6
	MCS-3
MCS-6
	MCS-3
MCS-6
	MCS-6†
	MCS-6
	MCS-6
	MCS-8
	MCS-8

	UBS-12
	MCS-3
MCS-6
	MCS-3
MCS-6
	MCS-3
MCS-6
	MCS-3
MCS-6
	MCS-6†
	MCS-6
	MCS-6
	MCS-6
	MCS-9

	 
	 

	Legend
	With segmentation 
Without segmentation
	† Higher coding scheme than what was commanded is proposed to be used to avoid segmentation
	If original transmission used without padding
If original transmission used with padding


As can be seen from Table 4 above, in case UBS-6/8/10 are originally (in EGPRS2-B mode) transmitted with padding (6 octet padding in this case), then the retransmission shall either include padding (and indicate this using CPS code-points) or use MCS-8. Thus MCS-9 cannot be used for these cases since MCS-9 does not have CPS code-points indicating padded octets.
3.1.4 Other transitions

Other transitions are:

EGPRS2-A to EGPRS: Problems occur due to incompatible padding for family A pad blocks as already outlined in section 3.1.1.

EGPRS2-A <-> EGPRS2-B: Problems occur again due to incompatible padding sizes for family A pad blocks (6 byte in EGPRS2-B opposed to 10 byte in EGPRS2-A).

Moreover, it is expected that EGPRS level change during one phase access is the most likely scenario when a level change is needed. Feasibility of changing from EGPRS to EGPRS2-A or EGPRS2-B is enough to address this issue. Other transitions although feasible are problematic and hence should be done only after a TBF reset. 

3.2 Downlink EGPRS level changes

Similar cases as uplink also could happen for downlink. However, in downlink, it is not necessary to specify all the details as for uplink as network anyway chooses the coding scheme. It is proposed that any downlink EGPRS level changes are allowed and are left to network implementation. 
4. Conclusion
Implications of EGPRS level changes in uplink and downlink are highlighted in this contribution. For uplink it is proposed to specify definite rules for the retransmission of any outstanding blocks from previous EGPRS level. For downlink the rules are left for implementation in the network however some general principles are highlighted. A CR to 44.060 is provided to incorporate the proposed changes in the specifications [1].
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