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EGPRS2: DL retransmission after EGPRS level transition

1 Introduction

In 3GPP TSG GERAN meeting #39, GP-081409 on TS 44.060 Rel 7 was approved, solving the uplink retransmission issue after an EGPRS2-A to EGPRS level transition (with that CR, when UAS-11 or UAS-8 were initially used in EGPRS2-A, the block can be retransmitted in EGPRS mode using MCS-6 with 10-octet padding).
This discussion paper studies whether similar issues could happen in the downlink direction. Even if no retransmission table is defined in TS 44.060 (because such tables are implementation dependent for the network), it should be ensured that downlink RLC retransmissions are possible to be done in the most efficient way according to the header type/CPS/SPB definitions in downlink. 

2 DL retransmission issue

2.1 Transition from EGPRS to EGPRS2-A

According to the current descriptions in TS 44.060, the retransmission table in downlink which offers the highest possible modulation and coding schemes is the following:
	Scheme used for Initial trans in EGPRS
	Scheme to use for retransmission after switching to EGPRS2-A

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

	MCS-9
	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-3

	MCS-8
	DAS-11
	DAS-11
	DAS-9
	DAS-9
	DAS-9
	DAS-9
	DAS-9
	DAS-6
	DAS-6
	DAS-6
	MCS-3
	MCS-3
	MCS-3
	MCS-3

	MCS-7
	DAS-8
	DAS-8
	DAS-8
	DAS-8
	DAS-8
	DAS-8
	DAS-8
	DAS-5
	DAS-5
	DAS-5
	DAS-5
	MCS-2
	MCS-2
	MCS-2

	MCS-6
	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-3

	MCS-5
	DAS-8
	DAS-8
	DAS-8
	DAS-8
	DAS-8
	DAS-8
	DAS-8
	DAS-5
	DAS-5
	DAS-5
	DAS-5
	MCS-2
	MCS-2
	MCS-2

	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-1
	MCS-1
	MCS-1

	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-3
	MCS-3

	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-2
	MCS-2

	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-4
	MCS-1
	MCS-1
	MCS-1


Table 1: Choice of MCS for DL retransmission in EGPRS2-A after switching from EGPRS
In the highlighted cases (MCS-9 and MCS-6), the loss in throughput would be high on retransmission. RLC would need:

· 4 MCS-3 radio blocks to retransmit a MCS-9 radio block, lowering the throughput from 59.2 kbps to 14.8 kbps, 

· 2 MCS-3 radio blocks to retransmit a MCS-6 radio block, lowering the throughput from 29.6 kbps to 14.8 kbps,

even though the link adaptation recommends DAS-12 to be used, i.e. 98.4 kbps.

2.2 Transition from EGPRS2-A to EGPRS

According to the current descriptions in TS 44.060, the retransmission table in downlink which offers the highest possible modulation and coding schemes is the following:

	Scheme used for Initial trans in EGPRS2-A
	Scheme to use for retransmission after switching to EGPRS

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

	DAS-12
	MCS-2 
(*)
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2

	DAS-11
	MCS-8
	MCS-8
	MCS-8
	MCS-6
	MCS-6
	MCS-6
	MCS-6
	MCS-3
	MCS-3
	MCS-3
	MCS-3

	DAS-10
	MCS-2

(*)
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2

	DAS-9
	MCS-8
	MCS-8
	MCS-8
	MCS-6
	MCS-6
	MCS-8
	MCS-6
	MCS-3
	MCS-3
	MCS-3
	MCS-3

	MCS-8
	MCS-8
	MCS-8
	MCS-8
	MCS-6
	MCS-6
	MCS-6
	MCS-6
	MCS-3
	MCS-3
	MCS-3
	MCS-3

	DAS-8
	MCS-7
	MCS-7
	MCS-7
	MCS-5
	MCS-5
	MCS-5
	MCS-5
	MCS-5
	MCS-2
	MCS-2
	MCS-2

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

	DAS-7
	MCS-2

(*)
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2
	MCS-2

	DAS-6
	MCS-8
	MCS-8
	MCS-8
	MCS-6
	MCS-6
	MCS-6
	MCS-6
	MCS-3
	MCS-3
	MCS-3
	MCS-3

	DAS-5
	MCS-7
	MCS-7
	MCS-7
	MCS-5
	MCS-5
	MCS-5
	MCS-5
	MCS-5
	MCS-2
	MCS-2
	MCS-2

	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-1
	MCS-1
	MCS-1

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

	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-4
	MCS-1
	MCS-1
	MCS-1


Table 2: Choice of MCS for DL retransmission in EGPRS after switching from EGPRS2-A

(*) Each 82-byte RLC block is re-segmented into 3 MCS-2 blocks (3 x 28 = 84 bytes) among which 2 bytes of padding.

In the highlighted cases (DAS-12, DAS-10, and DAS-7), the loss in throughput would be high on retransmission. RLC would need :

· 9 MCS-2 radio blocks to retransmit a DAS-12 radio block, lowering the throughput from 98.4 kbps to 11 kbps, 

· 6 MCS-2 radio blocks to retransmit a DAS-10 radio block, lowering the throughput from 65.6 kbps to 11 kbps,

· 3 MCS-2 radio blocks to retransmit a DAS-7 radio block, lowering the throughput from 32.8 kbps to 11 kbps,

even though the link adaptation recommends MCS-9 to be used, i.e. 59.2 kbps.

2.3 Transition from EGPRS to EGPRS2-B

No issue at all.

All EGPRS MCS are supported in EGPRS2-B, except MCS-5, that can be retransmitted in DBS-5.

2.4 Transition from EGPRS2-B to EGPRS

No issue at all.

DAS-12 and DAS-10 are reused in EGPRS2-B, but with a padding of 8 bytes (cf. definition of the CPS field), so that they can be retransmitted in MCS-9 or MCS-6 without padding.

3 Proposed solutions

3.5 Transition from EGPRS to EGPRS2-A

To allow a retransmission in MCS-6 (no padding) in EGPRS2-A DL instead of MCS-3, a change in the CPS coding in the block header type 2 (used by MCS-6) would be needed, as indicated below. The RLC DL retransmission table would then become:

	Scheme used for Initial trans in EGPRS
	Scheme to use for retransmission after switching to EGPRS2-A

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

	MCS-9
	MCS-6
	MCS-6
	MCS-6
	MCS-6
	MCS-6
	MCS-6
	MCS-6
	MCS-6
	MCS-3
	MCS-3
	MCS-3
	MCS-3

	MCS-8
	DAS-11
	DAS-11
	DAS-9
	DAS-9
	DAS-9
	DAS-6
	DAS-6
	DAS-6
	MCS-3
	MCS-3
	MCS-3
	MCS-3

	MCS-7
	DAS-8
	DAS-8
	DAS-8
	DAS-8
	DAS-8
	DAS-5
	DAS-5
	DAS-5
	DAS-5
	MCS-2
	MCS-2
	MCS-2

	MCS-6
	MCS-6
	MCS-6
	MCS-6
	MCS-6
	MCS-6
	MCS-6
	MCS-6
	MCS-6
	MCS-3
	MCS-3
	MCS-3
	MCS-3

	MCS-5
	DAS-8
	DAS-8
	DAS-8
	DAS-8
	DAS-8
	DAS-5
	DAS-5
	DAS-5
	DAS-5
	MCS-2
	MCS-2
	MCS-2

	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-1
	MCS-1
	MCS-1

	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-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-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-4
	MCS-1
	MCS-1
	MCS-1


Table 3: Choice of MCS for DL retransmission in EGPRS2-A after switching from EGPRS
RLC would then need 2 radio blocks instead of 4 to retransmit a MCS-9 block, and 1 instead of 2 to retransmit a MCS-6 block, increasing the throughput from 14.8 kbps to 29.6 kbps.

3.6 Transition from EGPRS2-A to EGPRS

A solution could be to allow the split of a DAS-7 radio block in one MCS-2 plus one MCS-5 radio block. A change in the CPS coding in the block header type 2 (used by MCS-5) would be needed, as indicated below. The RLC DL re-transmission table would then become:

	Scheme used for Initial trans in EGPRS2-A
	Scheme to use for retransmission after switching to EGPRS

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

	DAS-12
	MCS-2+

MCS-5
	MCS-2+

MCS-5
	MCS-2+

MCS-5
	MCS-2+

MCS-5
	MCS-2+

MCS-5
	MCS-2+

MCS-5
	MCS-2
	MCS-2
	MCS-2

	DAS-11
	MCS-8
	MCS-8
	MCS-8
	MCS-6
	MCS-6
	MCS-3
	MCS-3
	MCS-3
	MCS-3

	DAS-10
	MCS-2+

MCS-5
	MCS-2+

MCS-5
	MCS-2+

MCS-5
	MCS-2+

MCS-5
	MCS-2+

MCS-5
	MCS-2+

MCS-5
	MCS-2
	MCS-2
	MCS-2

	DAS-9
	MCS-8
	MCS-8
	MCS-8
	MCS-6
	MCS-6
	MCS-3
	MCS-3
	MCS-3
	MCS-3

	DAS-8
	MCS-7
	MCS-7
	MCS-7
	MCS-5
	MCS-5
	MCS-5
	MCS-2
	MCS-2
	MCS-2

	DAS-7
	MCS-2+

MCS-5
	MCS-2+

MCS-5
	MCS-2+

MCS-5
	MCS-2+

MCS-5
	MCS-2+

MCS-5
	MCS-2+

MCS-5
	MCS-2
	MCS-2
	MCS-2

	DAS-6
	MCS-8
	MCS-8
	MCS-8
	MCS-6
	MCS-6
	MCS-3
	MCS-3
	MCS-3
	MCS-3

	DAS-5
	MCS-7
	MCS-7
	MCS-7
	MCS-5
	MCS-5
	MCS-5
	MCS-2
	MCS-2
	MCS-2

	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-4
	MCS-1
	MCS-1
	MCS-1

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

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

	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-1
	MCS-4
	MCS-1
	MCS-1
	MCS-1


Table 4: Choice of MCS for DL retransmission in EGPRS after switching from EGPRS2-A

RLC would then need 1 MCS-2 block and 1 MCS-5 block instead of 3 MCS-2 blocks, i.e. 6 radio blocks instead of 9 to retransmit a DAS-12 block, 4 instead of 6 to retransmit a DAS-10 block, 2 instead of 3 to retransmit a DAS-7 block, increasing the throughput from 11 kbps to 16.8 kbps.

With that proposed solution, each radio block of 82 bytes is re-segmented into 2 radio blocks: 1 MCS-2 radio block (26 payload bytes + 2 bytes of padding, which is already supported in TS 44.060) + 1 MCS-5 radio block (56 payload bytes) = 82 payload bytes.

3.7 Impacts on TS 44.060
10.4.8a.2
Header type 2

Table 10.4.8a.2.1a: Coding and Puncturing Scheme indicator field for Header type 2 in uplink
	bits
321
	(first block)
CPS

	000
	MCS-6/P1

	001
	MCS-6/P2

	010
	MCS-6/P1 with 6 octet padding

	011
	MCS-6/P2 with 6 octet padding

	100
	MCS-5/P1 

	101
	MCS-5/P2 

	110
	MCS-6/P1 with 10 octet padding

	111
	MCS-6/P2 with 10 octet padding

	NOTE:
The bit numbering is relative to the field position.


Table 10.4.8a.2.1b: Coding and Puncturing Scheme indicator field for Header type 2 in downlink

	bits
321
	CPS

	000
	MCS-6/P1

	001
	MCS-6/P2

	010
	MCS-6/P1 with 6 octet padding

	011
	MCS-6/P2 with 6 octet padding

	100
	MCS-5/P1 

	101
	MCS-5/P2 

	110
	MCS-5/P1 second part of retransmitted block

	111
	MCS-5/P2 second part of retransmitted block

	NOTE:
The bit numbering is relative to the field position.


In EGPRS2 downlink, if the Downlink EGPRS Level assigned (see Table 11.2.7.1 and Table 12.10f.1) is EGPRS2-A, the Coding and Puncturing Scheme indicator field indicates the kind of channel coding and puncturing used for data block as defined in table 10.4.8a.2.2.

Table 10.4.8a.2.2: Coding and Puncturing Scheme indicator field for 
Header type 2 in downlink EGPRS2-A TBF mode

	Bits
321
	CPS

	000
	MCS-6/P1

	001
	MCS-6/P2

	010
	DAS-7/P1 

	011
	DAS-7/P2

	100
	DAS-5/P1 

	101
	DAS-5/P2

	110
	DAS-6/P1 

	111
	DAS-6/P2

	
	All the other values are reserved for future use

	NOTE:
The bit numbering is relative to the field position.


Also to be indicated that MCS-6 is supported in EGPRS2-A DL in the rest of TS 44.060.

4 Conclusion

That discussion paper highlighted some issues with the way the modulation and coding schemes are handled as currently defined in TS 44.060, in the particular case of downlink retransmissions following transitions between EGPRS and EGPRS2-A modes.

A solution has been proposed to solve those issues, exploiting the remaining bits in the CPS field. 

It is proposed to discuss in GERAN2 whether the gains are worth the complexity.
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