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1. Introduction
In previous GERAN meetings, there have been several proposals for multiplexing EGPRS2-B mobiles with EGPRS2-A mobiles on the same uplink time slot.  Though not discussed as extensively, the same problem exists in multiplexing EGPRS2-B and EGPRS mobiles.  Currently, at least two methods exist for multiplexing EGPRS2-B and EGPRS2-A mobiles. Specifically, when simultaneously sending data to the EGPRS2-B mobile and USF to the EGPRS2-A mobile, the network can either
i) use MCS-2 or MCS-3, in accordance with the RLC family in use when not transmitting USF information to the EGPRS2-A mobile, or

ii) use only EGPRS2-A modulation and coding schemes within the TBF whenever the EGPRS2-B mobile is multiplexed with an EGPRS2-A mobile in the same uplink time slot.

These same two options exist for an EGPRS2-B mobile that is multiplexed with an EGPRS mobile in the same time slot.  However, in this case, there is an additional restriction on (ii) that only DAS-5, DAS-6, or DAS-7 can be used when simultaneously sending data to the EGPRS2-B mobile and USF to the EGPRS mobile.

Both of the above options have significant disadvantages.  The use of (i) is unattractive as the data rates of MCS-2 and MCS-3 are very low (11.2 and 14.8 kbps, respectively) and the RLC block must be split over multiple radio blocks.  Furthermore, neither incremental redundancy nor Chase combining can be used to combine MCS-2 and MCS-3 retransmissions of RLC blocks with previous transmissions using DBS 5-12.  The second option is unattractive in that it reduces the peak achievable rate from 118.4 kbps for DBS-12 to 98.4 kbps for DAS-12.  Furthermore, the throughput as a function of signal-to-noise ratio is somewhat better for the DBS modulation and coding schemes than it is for the DAS modulation coding schemes, and this performance disparity will increase in the event that a second wider bandwidth pulse shape is standardized for EGPRS2-B.

In GERAN #36, there was discussion of allowing the EGPRS2-B mobile to switch between EGPRS2-B and EGPRS2-A modulation and coding schemes within the TBF.  This discussion has been expanded upon in [1] in which it is suggested that both DAS 5-12 and EGPRS modulation and coding schemes MCS 5-9 be allowed within the EGPRS2-B TBF.  As neither Chase nor incremental redundancy combining is possible between radio blocks encoded using MCS 5-9 and radio blocks encoded using DAS and DBS modulation and coding schemes, we consider alternative methods for multiplexing EGPRS2-B, EGPRS2-A and EGPRS.

2. Alternative Methods for USF Multiplexing EGPRS2-B and EGPRS2-A Mobiles
The proposal in [1] addresses the multiplexing issues associated with both the USF and the PAN.  In order to simplify the discussion here, we initially focus on the issue of USF multiplexing only.  As indicated in [1], the PAN multiplexing issue is similar to the USF multiplexing issue in that the target mobile for the PAN can be different than the target mobile for the data. One difference, of course, is that the PAN is not supported for MCS-4 and MCS-9.  The Table 1 from [1] is reproduced below with columns relating to the PAN removed.
Table 1: Modulation and Coding Schemes for multiplexing USF in a RED HOT B TBF [1]
	DBS selected by LA for 
RL-EGPRS2-B
capable MS
	Family
	RLC block
size
(bytes)
	EGPRS2-A
capable MS
needs to
receive USF
	EGPRS
capable MS
needs to
receive USF
	GPRS
capable MS
needs to
receive USF

	DBS-5
	B
	56
	DAS-5
	DAS-5
	MCS-2

	DBS-6
	A
	74
	MCS-6
	MCS-6
	MCS-3

	DBS-6 pad
	Ap
	68
	DAS-6
	DAS-6
	MCS-3 pad

	DBS-7
	B
	56
	DAS-8
	MCS-7
	MCS-2

	DBS-8
	A
	74
	MCS-6
	MCS-6
	MCS-3

	DBS-8 pad
	Ap
	68
	DAS-9
	DAS-6
	MCS-3 pad

	DBS-9
	B
	56
	DAS-8
	MCS-7
	MCS-2

	DBS-10
	A
	74
	MCS-9
	MCS-9
	MCS-3

	DBS-10 pad
	Ap
	68
	DAS-9
	MCS-8
	MCS-3 pad

	DBS-11
	Ap
	68
	DAS-11
	MCS-8
	MCS-3 pad

	DBS-12
	A
	74
	MCS-9
	MCS-9
	MCS-3


As discussed above, there is clearly a disadvantage in using the EGPRS modulation and coding schemes MCS 5-9 to send the USF to the EGPRS2-A mobile in that it is not possible to use incremental redundancy or Chase combining to combine DBS 5-12 and MCS 5-9 transmissions.  In the event that at least two retransmissions of a given RLC block are required, incremental redundancy and/or Chase combining can be used in the receiver as at least two of the transmissions will be encoded using either the DBS modulation and coding scheme or the MCS 5-9 modulation and coding scheme.  However, in order to do so, it would be necessary to maintain separate HARQ buffers for the DBS 5-12 transmissions and the MCS 5-9 transmissions.  Given the desire to exploit both turbo coding and HARQ in EGPRS2-A and B, it seems reasonable to consider the possibility that MCS-5 through MCS-9 not be used to send the USF to the EGPRS2-A or EGPRS mobile.  The result of such a restriction can be found in Table 2.
Note that DBS-12 has been removed in Table 2 since it is not possible to support HARQ when sending the USF to the EGPRS2-A or EGPRS mobile.  Thus, the peak data rate for the EGPRS2-B mobile is reduced from 118.8 kbps to 108.4 kbps whenever the EGPRS2-B mobile is multiplexed on the same uplink time slot with an EGPRS2-A or EGPRS mobile.   However, it is unlikely that there is any significant loss in throughput in removing DBS-12 from the table if we consider the average rate for the combination DBS-12/MCS-9 as compared to the combination DBS-11/DAS-11.  Even if it assumed that the EGPRS2-A USF is multiplexed only 25% of the time, the throughput of the DBS-12/MCS-9 combination yields a weighted average of 103.6 kbps, and this is only slight larger than the DBS-11/DAS-11 combination, which yields 102 kbps. Furthermore, the DBS-12/MCS-9 combination is not compatible with incremental redundancy or Chase combining. Finally, it should be noted that the DBS-12/MCS-9 combination is not compatible with PAN transmission to the EGPRS2-A mobile.
Table 2: Modulation and Coding Schemes for multiplexing USF in a RED HOT B TBF compatible with incremental redundancy
	DBS selected by LA for 
RL-EGPRS2-B
capable MS
	Family
	Data Rate (kbps)
	EGPRS2-A
capable MS
needs to
receive USF
	Data Rate (kbps)
	EGPRS
capable MS
needs to
receive USF
	Data Rate (kbps)
	GPRS
capable MS
needs to
receive USF
	Data Rate (kbps)

	DBS-5
	B
	22.4
	DAS-5
	22.4
	DAS-5
	22.4
	MCS-2
	11.2

	DBS-6 pad
	Ap
	27.2
	DAS-6
	27.2
	DAS-6
	27.2
	MCS-3 pad
	13.6

	DBS-7
	B
	44.8
	DAS-8
	44.8
	DAS-5
	22.4
	MCS-2
	11.2

	DBS-8 pad
	Ap
	54.4
	DAS-9
	54.4
	DAS-6
	27.2
	MCS-3 pad
	13.6

	DBS-9
	B
	67.2
	DAS-8
	44.8
	DAS-5
	22.4
	MCS-2
	11.2

	DBS-10 pad
	Ap
	81.6
	DAS-9
	54.4
	DAS-6
	27.2
	MCS-3 pad
	13.6

	DBS-11
	Ap
	108.8
	DAS-11
	81.6
	DAS-6
	27.2
	MCS-3 pad
	13.6


In Table 2, it should also be noted that DBS-6 pad, DBS-8 pad and DBS-10 pad correspond to data rates of 27.2, 54.4, and 81.6 kbps, whereas the unpadded DBS-6, DBS-8 and DBS-10 correspond to 29.6, 59.2, and 88.8 kbps, respectively.  Equivalently, the padded schemes DBS-6/8/10 pad can be viewed as approximately 0.4 dB (10 x log(74/68)) less efficient than DBS-6/8/10, because the same transmit power is required to send 6 less bytes of data, and this 0.4 dB is significant relative to the performance improvement associated with these modulation and coding schemes.  For this reason, these padded modulation and coding schemes are not generally used for first transmissions, but rather are typically used for retransmissions.
3. New Padded Modulation and Coding Schemes for EGPRS2-A
The performance loss of 0.4 dB associated with the use of DBS-6/8/10 pad as well as the lack of an appropriate DAS match for DBS-12 can be addressed with the inclusion of three new padded modulation and coding schemes for EGPRS2-A, and these are DAS-7 pad, DAS-10 pad, and DAS-12 pad.  As the DAS-7, DAS-10, and DAS-12 radio blocks carry Bp RLC blocks of length 82 bytes, they can be used to carry the 74-byte A RLC block along with 8 bytes of padding.
No padded modulation and coding schemes have been proposed for DAS 5-12 previously, though three of these have been defined for EGPRS2-B (DBS-6/8/10 pad) to support of DBS-11 retransmissions.  With the inclusion of these three padded modulation and coding schemes, USF signalling to EGPRS2-A mobiles can be implemented as in Table 3 below.
The locations in the table which improve upon the data rates in Table 2 are indicated in bold.  Note also, that if it is required that turbo coding and HARQ must be supported when signalling USF to the EGPRS2-A or EGPRS mobile, then it is not possible to use DBS-12 without the inclusion of both DAS-12 pad and DAS-7 pad.  DBS-8 pad is still used in place of DBS-8 since there is no compatible padded DAS modulation and coding scheme for DBS-8, as both DAS-12 pad and DAS-10 pad use 32-QAM modulation, while DAS-7 pad uses 8-PSK modulation.

Table 3: Modulation and Coding Schemes for multiplexing USF in a RED HOT B TBF compatible with incremental redundancy using DAS-7/10/12 pad
	DBS selected by LA for 
RL-EGPRS2-B
capable MS
	Family
	Data Rate (kbps)
	EGPRS2-A
capable MS
needs to
receive USF
	Data Rate (kbps)
	EGPRS
capable MS
needs to
receive USF
	Data Rate (kbps)
	GPRS
capable MS
needs to
receive USF
	Data Rate (kbps)

	DBS-5
	B
	22.4
	DAS-5
	22.4
	DAS-5
	22.4
	MCS-2
	11.2

	DBS-6
	A
	29.6
	DAS-7 pad
	29.6
	DAS-7 pad
	29.6
	MCS-3
	14.8

	DBS-7
	B
	44.8
	DAS-8
	44.8
	DAS-5
	22.4
	MCS-2
	11.2

	DBS-8 pad
	Ap
	54.4
	DAS-9
	54.4
	DAS-6
	27.2
	MCS-3 pad
	13.6

	DBS-9
	B
	67.2
	DAS-8
	44.8
	DAS-5
	22.4
	MCS-2
	11.2

	DBS-10
	A
	88.8
	DAS-10 pad
	59.2
	DAS-7 pad
	29.6
	MCS-3
	14.8

	DBS-11
	Ap
	108.8
	DAS-11
	81.6
	DAS-6
	27.2
	MCS-3 pad
	13.6

	DBS-12
	A
	118.4
	DAS-12 pad
	88.8
	DAS-7 pad
	29.6
	MCS-3
	14.8


From Table 3, it can be seen that with the inclusion of DAS-7/10/12 pad, there is no benefit in using MCS 5-9 to send data to the EGPRS2-B mobile when sending the USF to the EGPRS2-A mobile, since the same or greater data rates can be achieved using the DAS modulation and coding schemes, and each of these is compatible with HARQ.  There are, however, some significant benefits still possible in using MCS-7 (44.8), MCS-8 (54.4), and MCS-9 (59.2) to send data to the EGPRS2-B mobile when sending the USF to the EGPRS mobile, since the data rates are significantly greater than those achievable using DAS-5 (22.4), DAS-6 (27.2), and DAS-7 pad (29.6), respectively, as can be seen in Table 4.  The benefit of the higher data rates possible using MCS-7, MCS-8, and MCS-9, must be weighed against the loss of HARQ, though the latter may not be significant.  Note that Table 4 includes DAS 5-6, DAS-7 pad, DAS 8-9, DAS-10 pad, DAS 11, DAS-12 pad, and MCS 7-9.  In this particular configuration, there would be no need to allow MCS-5 and MCS-6 within the EGPRS2-B TBF, though there would be no harm in doing so. 
Table 4: Modulation and Coding Schemes for multiplexing USF in a RED HOT B TBF using DAS-7/10/12 pad and MCS-7/8/9. 

	DBS selected by LA for 
RL-EGPRS2-B
capable MS
	Family
	Data Rate (kbps)
	EGPRS2-A
capable MS
needs to
receive USF
	Data Rate (kbps)
	EGPRS
capable MS
needs to
receive USF
	Data Rate (kbps)
	GPRS
capable MS
needs to
receive USF
	Data Rate (kbps)

	DBS-5
	B
	22.4
	DAS-5
	22.4
	DAS-5
	22.4
	MCS-2
	11.2

	DBS-6
	A
	29.6
	DAS-7 pad
	29.6
	DAS-7 pad
	29.6
	MCS-3
	14.8

	DBS-7
	B
	44.8
	DAS-8
	44.8
	MCS-7
	44.8
	MCS-2
	11.2

	DBS-8 pad
	Ap
	54.4
	DAS-9
	54.4
	DAS-6
	27.2
	MCS-3 pad
	13.6

	DBS-9
	B
	67.2
	DAS-8
	44.8
	MCS-7
	44.8
	MCS-2
	11.2

	DBS-10
	A
	88.8
	DAS-10 pad
	59.2
	MCS-9
	59.2
	MCS-3
	14.8

	DBS-11
	Ap
	108.8
	DAS-11
	81.6
	MCS-8
	54.4
	MCS-3 pad
	13.6

	DBS-12
	A
	118.4
	DAS-12 pad
	88.8
	MCS-9
	59.2
	MCS-3
	14.8


4. Required Header CPS-field Modifications to Support DAS-7/10/12 Pad
To allow the use of DAS-7/10/12 pad modulation and coding schemes, modifications are required to the CPS fields of header types 2, 10, and 5, respectively.
4.1. CPS Field Modification for DAS-7 Pad
As noted above, DAS-7 uses header type 2.  The Coding and Puncturing Scheme indicator field for DAS-7 is defined in table 10.4.8a.2.2.  The following modifications would be required to the CPS field to allow the inclusion of DAS-7 pad.

Table 10.4.8a.2.2: Coding and Puncturing Scheme indicator field for 
Header type 2 in downlink (EGPRS2)

	bits
321
	CPS

	000
	DAS-6/P1 

	001
	DAS-6/P2

	010
	DAS-5/P1 

	011
	DAS-5/P2

	100
	DAS-7/P1 

	101
	DAS-7/P2

	110
	DAS-7/P1 with padding

	111
	DAS-7/P2 with padding

	
	All the other values are reserved for future use

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


4.2. CPS Field Modification for DAS-10 pad

As noted above, DAS-10 uses header type 10.  The Coding and Puncturing Scheme indicator field for DAS-10 is defined in table 10.4.8a.10.1.  In order to allow the definition of DAS-10 pad, it would be necessary to use one of the two spare bits in the header.  The CPS field modifications required for the definition of DAS-10 pad are indicated below.  Note that it seems that the Table heading in TS 44.060 is incorrectly labelled as Header type 5.
Table 10.4.8a.10.1: Coding and Puncturing Scheme indicator field for 
Header type 5 10 in downlink

	bits
321
	CPS

	000
	DAS-10/P1 ; DAS-10/P1

	001
	DAS-10/P1 ; DAS-10/P2

	010
	DAS-10/P2 ; DAS-10/P1

	011
	DAS-10/P2 ; DAS-10/P2

	100
	DAS-10/P1 ; DAS-10/P1 with padding

	101
	DAS-10/P1 ; DAS-10/P2 with padding

	110
	DAS-10/P2 ; DAS-10/P1 with padding

	111
	DAS-10/P2 ; DAS-10/P2 with padding

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


4.3. CPS Field Modification for DAS-12 pad

As noted above, DAS-12 uses header type 5.  The Coding and Puncturing Scheme indicator field for DAS-12 is defined in table 10.4.8a.5.1.  In order to allow the definition of DAS-12 pad, it would be necessary to use one of the two spare bits in the header.  The CPS field modifications required for the definition of DAS-12 pad are indicated below.
Table 10.4.8a.5.1: Bit 6 of Coding and Puncturing Scheme indicator field for 
Header type 5 in downlink

	bit
76
	CPS

	00
	DAS-11

	01
	DAS-12

	10
	DAS-12 with padding

	
	All the other values are reserved for future use

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


5. Conclusions

In order to improve the USF multiplexing efficiency between EGPRS2-B and EGPRS2-A and/or EGPRS, it has been proposed that, whenever possible, turbo codes and incremental redundancy HARQ be supported when signalling USF information to the EGPRS2-A or EGPRS mobile within the EGPRS2-B TBF.  Towards this end, it is proposed that new padded modulation and coding schemes DAS-7 pad, DAS-10 pad, and DAS-12 pad be defined and allowed within the EGPRS2-B TBF.  These modulation and coding schemes are compatible with HARQ and can be more efficiently multiplexed with DBS-6, DBS-10, and DBS-12 than the existing alternatives.  Furthermore, these new padded modulation and coding schemes do not add any complexity to the EGPRS2-B mobile.
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