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Retransmissions for HUGE
1. Introduction

HUGE is part of Rel-7 in GERAN and includes 3 modulations in level A (GMSK, 8-PDK and 16-QAM at normal symbol rate) and 4 modulations in level B (GMSK at normal symbol rate, QPSK, 16-QAM and 32-QAM at higher symbol rate). According to the current requirements in 44.060, blind modulation detection has to be enabled for all modulations within a given level. This contribution proposes slight changes to the retransmissions for HUGE to reduce the possible modulations that can be used for retransmissions. The advantage of this is that modulation options for the uplink will be reduced and the blind modulation detection complexity decreases. 

2. Blind modulation detection (BMD) in uplink

In uplink, the network commands the mobile to use a given modulation and coding scheme (MCS). Thus the network has an idea of what modulation is expected from a given mobile. However, there is uncertainty in the received modulation because of the following. 

1. The mobile could send a GMSK (CS1) block on the uplink even when it is ordered to use another MCS (For instance transmission of messages like PACKET_CELL_CHANGE_NOTIFICATION).

2. The mobile could use a different MCS than what has been commanded for retransmissions of a given block see 3GPP TS 44.060 Table 8.1.1.5 and Table 8.1.1.6. 

3. The mobile could use a different MCS when there are fewer RLC blocks to be transmitted than what fits in the commanded MCS.

4. There is a period of uncertainty after a change of MCS is ordered on the downlink before the mobile switches to the new commanded MCS. This arises mainly due to two factors

a. The mobile has an allowed reaction time to change the MCS on the uplink (see 3GPP TS 45.010 section 6.11.2)

b. The mobile may have missed the message conveying change of MCS

In any case, it is clear that GMSK needs to be expected in the uplink irrespective of the commanded modulation because of the 1st reason given above. In this contribution, possible ways of reducing the number of possibilities for the uplink are discussed. A CR to 44.060 proposing corresponding changes is also submitted [1]. 

3. options for retransmissions IN HUGE B
Table 1 below shows the modifications proposed to the choice of MCS for retransmissions currently specified in 3GPP TS 44.060. Different modulations on the downlink are shaded using different colour in the table. Where UBS-7 is commanded, UBS-8 is proposed to be used instead of UBS-6. It can be seen that with this modification, when UBS-7 was commanded, the expected modulation on the uplink is either 16-QAM (HSR) or GMSK only. Previously, even QPSK was a possibility for this case. The advantage of the proposed modification is that in majority of cases the network could enable BMD only between 2 modulations in the uplink. Note that 3 possibilities for modulation on uplink still exist for the case when UBS-12 is commanded. However, UBS-9 belongs to family B. Thus as long as the uplink TBF uses only family A MCSs, the BMD could be restricted only to 2 modulations. 
Table 1: Choice of modulation and coding scheme for retransmissions without re-segmentation (EGPRS2-B)

	Scheme used for Initial transmission
	Scheme to use for retransmissions after switching to a different modulation and coding scheme (MCS or UBS)

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

	UBS-12
	UBS-12
	UBS-10
	UBS-10
	UBS-8
	UBS-8
	UBS-8
	UBS-6
	UBS-6
	UBS-6
	UBS-6
	UBS-6
	UBS-6

	UBS-11
	UBS-11
	UBS-11
	UBS-10
(pad)
	UBS-8
(pad)
	UBS-8
(pad)
	UBS-8
(pad)
	UBS-6
(pad)
	UBS-6
(pad)
	UBS-6
(pad)
	UBS-6
(pad)
	UBS-6
(pad)
	UBS-6
(pad)

	UBS-10
	UBS-12
	UBS-10
	UBS-10
	UBS-8
	UBS-8
	UBS-8
	UBS-6
	UBS-6
	UBS-6
	UBS-6
	UBS-6
	UBS-6

	UBS-9
	UBS-9
	UBS-9
	UBS-9
	UBS-9
	UBS-7
	UBS-7
	UBS-5
	UBS-5
	UBS-5
	UBS-5
	UBS-5
	UBS-5

	UBS-8
	UBS-12
	UBS-10
	UBS-10
	UBS-8
	UBS-8
	UBS-8
	UBS-6
	UBS-6
	UBS-6
	UBS-6
	UBS-6
	UBS-6

	UBS-7
	UBS-9
	UBS-9
	UBS-9
	UBS-9
	UBS-7
	UBS-7
	UBS-5
	UBS-5
	UBS-5
	UBS-5
	UBS-5
	UBS-5

	UBS-6
	UBS-12
	UBS-10
	UBS-10
	UBS-8
	UBS-8
	UBS-8
	UBS-6
	UBS-6
	UBS-6
	UBS-6
	UBS-6
	UBS-6

	UBS-5
	UBS-9
	UBS-9
	UBS-9
	UBS-9
	UBS-7
	UBS-7
	UBS-5
	UBS-5
	UBS-5
	UBS-5
	UBS-5
	UBS-5

	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-4

	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-1
	MCS-1
	MCS-1
	MCS-1


Similar changes can also be made to the corresponding table with re-segmentation.
When there are fewer RLC blocks to be transmitted, currently it is allowed for the mobile to choose any possible modulation according to Table 8.1.1.8 in 44.060. The following changes are proposed again to reduce the complexity of BMD even in this case.

Table 2: Retransmissions with fewer RLC blocks (EGPRS2-B)

	Modulation and Coding Scheme specified
	Modulation/Coding scheme to be used (only 1 block can be transmitted)
	Modulation/Coding scheme to be used (only 2 blocks can be transmitted)
	Modulation/Coding scheme to be used (only 3 blocks can be transmitted)

	UBS-7
	UBS-7, block repeated
	n/a
	n/a

	UBS-8
	UBS-8, block repeated
	n/a
	n/a

	UBS-9
	UBS-7, block repeated 
	UBS-7
	n/a

	UBS-10
	UBS-10, block repeated twice
	UBS-12, both blocks repeated
	n/a

	UBS-11
	UBS-11, block repeated thrice
	UBS-11, both blocks repeated
	UBS-10 (padding permitted)

	UBS-12
	UBS-10, block repeated twice
	UBS-12, both blocks repeated
	UBS-10 


Different puncturing schemes will be used for repetitions of the blocks as proposed in Table 2 which reduces the effective code rate. 
4. Uncertainity in uplink modulation

As highlighted in section 2, there is a period of uncertainty in the uplink where the network is not sure what modulation to expect from the mobile. This occurs because of two factors highlighted below:
4.1 Missed MCS change command

MCS change command uses CS-1 which is very robust. Hence, the chance of mobile missing could be considered very low. In any case, the mobile could be asked to acknowledge the command.

4.2 Reaction time of the Mobile

The maximum allowed reaction time for the MS in this case is specified in section 6.11.2 of 3GPP TS 45.010. Thus in order to avoid the need to use more complex BMD during this period of uncertainty, it is sufficient if the network avoids scheduling an uplink transmission from the mobile in question during this period. Of course the network could ask the mobile for a control message on the uplink during this period (for instance to send a PDAN to confirm the receipt of the message commanding a change of MCS). 

5. options for retransmissions IN HUGE A

For HUGE A, a similar approach could be taken. This reduces the BMD complexity for HUGE A as the network needs to distinguish between only two possible modulations on the uplink at any time. The resultant new choice of MCSs for HUGE A is shown in Table 3 below. It should be noted that for HUGE A, the proposal would mean that MCS up to 2 steps higher than what has been commanded on the uplink need to be used in some cases. 
Table 3: Choice of modulation and coding scheme for retransmissions without re-segmentation (EGPRS2-A)

	Scheme used for Initial transmission
	Scheme to use for retransmissions after switching to a different modulation and coding scheme (MCS or UAS)

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

	UAS-11
	UAS-11
	UAS-8
	UAS-8
	UAS-8
	UAS-8
	MCS-6
(pad)
	MCS-6
(pad)
	MCS-6
(pad)
	MCS-6
(pad)
	MCS-6
(pad)
	MCS-6
(pad)

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

	UAS-9
	UAS-9
	UAS-9
	UAS-9
	UAS-9
	UAS-9
	MCS-6
	MCS-6
	MCS-6
	MCS-6
	MCS-6
	MCS-6

	UAS-8
	UAS-11
	UAS-8
	UAS-8
	UAS-8
	UAS-8
	MCS-6
(pad)
	MCS-6
(pad)
	MCS-6
(pad)
	MCS-6
(pad)
	MCS-6
(pad)
	MCS-6
(pad)

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

	MCS-6
	UAS-9
	UAS-9
	UAS-9
	UAS-9
	UAS-9
	MCS-6
	MCS-6
	MCS-6
	MCS-6
	MCS-6
	MCS-6

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

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


Table 4: Retransmissions with fewer RLC blocks (EGPRS2-A)

	Modulation and Coding Scheme specified
	Modulation/Coding scheme to be used (only 1 block can be transmitted)
	Modulation/Coding scheme to be used (only 2 blocks can be transmitted)

	UAS-7
	UAS-7, block repeated
	n/a

	UAS-8
	UAS-8 block repeated
	n/a

	UAS-9
	UAS-9, block repeated
	n/a

	UAS-10
	UAS-7, block repeated
	UAS-7

	UAS-11
	UAS-8 block repeated
	UAS-8


6. Advantages

The advantages of restricting the possible modulations on the uplink are:

1. Reduced BMD complexity and less processing needed at the BTS.
2. Link adaptation becomes more efficient as more blocks are received using the commanded modulation in uplink

7. Conclusion

Potential ways to limit the blind modulation detection complexity for EGPRS2 UL are highlighted. It is proposed to slightly modify the allowed MCS set for retransmissions which can reduce BMD complexity. A CR to 3GPP TS 44.060 is also submitted to make the proposed changes [1]. 
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