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Further Link level results for RTTI coding schemes
1 Introduction

Reduced TTI and fast ACK/NACK are proposed as possible enhancements to reduce latency as part of GERAN evolution [1] and [2]. In [4], a set of MCS schemes were proposed and possible coding and interleaving was discussed along with some simulation results. Some alternative ways of defining the new coding schemes is discussed in this contribution. 
2 Definition of the new coding schemes

Table 1 shows the coding schemes as proposed in [4]. 
	
	
	RTTI

2 w/o bitmap
	RTTI

2 w/ bitmap
	RTTI

3 w/o bitmap
	RTTI

3 w/ bitmap
	RTTI

5 w/o bitmap
	RTTI

5 w/ bitmap
	RTTI

6 w/o bitmap
	RTTI

6 w/ bitmap

	Raw
	Header
	31
	31
	31
	31
	37
	37
	37
	37

	
	Bitmap
	0
	20
	0
	20
	0
	20
	0
	20

	
	Data
	226
	194
	298
	266
	450
	386
	594
	530

	Coded

(+CRCs)
	Header
	117
	117
	117
	117
	135
	135
	135
	135

	
	Bitmap
	0
	78
	0
	78
	0
	78
	0
	78

	
	Data
	732
	636
	948
	852
	1404
	1212
	1836
	1644

	Punctured
	Header
	80
	80
	80
	80
	136
	136
	136
	136

	
	Bitmap
	0
	54
	0
	54
	0
	78
	0
	78

	
	Data
	372
	318
	372
	318
	1248
	1170
	1248
	1170

	Over head
	
	12
	12
	12
	12
	8
	8
	8
	8

	Total
	
	464
	464
	464
	464
	1392
	1392
	1392
	1392

	· The Header coding is kept unchanged 

· The bitmap is independently coded (with a 6 bit CRC)

· Data has 12 bit CRC

· USF bits are included in the header (the coding of USF is unchanged)

· Over head refers to stealing flags (and extra stealing flags in case of MCS 1-4)

· The coding of the data for RTTI-MCS 2 and RTTI-MCS 3 with bitmap is slightly less robust than the corresponding coding schemes without bitmap

· The coding of the data for RTTI-MCS 5 and RTTI-MCS 6 with bitmap is slightly more robust than the corresponding coding schemes without bitmap

· The coding schemes for RTTI MCS schemes without bitmap is kept exactly same as the current MCS schemes (Only the burst mapping changes to allow RTTI option)


Table 1: Definition of new coding schemes as in [4]
One drawback of the above definition is that the payload size is dependent on the presence of the bitmap. This obviously has some impact on the segmentation at the RLC/MAC layer which then would not only depend on the selected MCS but also on whether or not a bitmap needs to be included. Moreover, and more importantly, this would mean that if a bitmap was included in the original transmission of a block, a bitmap needs to be included also in a retransmission of the same block. This is not a problem, provided that a new updated information is inserted, as allowed by the suggested principle to have an independently coded bitmap. In the same way, if a bitmap was not included in the original transmission of a block, a bitmap cannot be included in a retransmission of the same block. This could lead to a minor delay in sending feedback information via the newly defined FANR mechanism
Taking into account the above drawbacks, alternative coding schemes as shown in Table 2 are considered. 

	
	
	RTTI

2 w/o bitmap
	RTTI

2 w/ bitmap
	RTTI

3 w/o bitmap
	RTTI

3 w/ bitmap
	RTTI

5 w/o bitmap
	RTTI

5 w/ bitmap
	RTTI

6 w/o bitmap
	RTTI

6 w/ bitmap

	Raw
	Header
	31
	31
	31
	31
	37
	37
	37
	37

	
	Bitmap
	0
	20
	0
	20
	0
	20
	0
	20

	
	Data
	194
	194
	266
	266
	386
	386
	530
	530

	Coded

(+CRCs)
	Header
	117
	117
	117
	117
	135
	135
	135
	135

	
	Bitmap
	0
	78
	0
	78
	0
	78
	0
	78

	
	Data
	732
	636
	948
	852
	1404
	1212
	1836
	1644

	Punctured
	Header
	80
	80
	80
	80
	136
	136
	136
	136

	
	Bitmap
	0
	54
	0
	54
	0
	78
	0
	78

	
	Data
	372
	318
	372
	318
	1248
	1170
	1248
	1170

	Over head
	
	12
	12
	12
	12
	8
	8
	8
	8

	Total
	
	464
	464
	464
	464
	1392
	1392
	1392
	1392

	Header code-rate
	
	0.3875
	0.3875
	0.3875
	0.3875
	0.2721
	0.2721
	0.2721
	0.2721

	Data code-rate
	
	0.5215
	0.6101
	0.7151
	0.8365
	0.3093
	0.3299
	0.4247
	0.4530

	· The Header coding is kept unchanged 

· The bitmap is independently coded (with a 6 bit CRC)

· Data has 12 bit CRC

· USF bits are included in the header (the coding of USF is unchanged)

· Over head refers to stealing flags (and extra stealing flags in case of MCS 1-4)

· The coding of the data for RTTI coding schemes with bitmap is less robust than that without bitmap


Table 2: New coding schemes with constant payload – with reduced MCS bandwidth
It can be seen from the above table that the payload size is now kept unchanged irrespective of whether or not there is a bitmap in the transmission. This however means that the code rate on the data is slightly different with and without bitmap. Hence, there may be slight mismatch in the performance for the coding schemes with and without bitmap. This might have some impact on the link adaptation and this impact should be further studied. Link level results performed for the above coding schemes however show reasonably less difference in the performance in the two cases. 
However, one drawback with this approach is that the MCS bandwidth is always lowered also when the bitmap is not inserted. One alternative is to have a weaker coding for the payload when the bitmap is included, rather than having a more robust coding (for the payload) when the bitmap is not included. This option is shown in Table 3. This option however was not simulated. 

	
	
	RTTI

2 w/o bitmap
	RTTI

2 w/ bitmap
	RTTI

3 w/o bitmap
	RTTI

3 w/ bitmap
	RTTI

5 w/o bitmap
	RTTI

5 w/ bitmap
	RTTI

6 w/o bitmap
	RTTI

6 w/ bitmap

	Raw
	Header
	31
	31
	31
	31
	37
	37
	37
	37

	
	Bitmap
	0
	20
	0
	20
	0
	20
	0
	20

	
	Data
	226
	226
	298
	298
	450
	450
	594
	594

	Coded

(+CRCs)
	Header
	117
	117
	117
	117
	135
	135
	135
	135

	
	Bitmap
	0
	78
	0
	78
	0
	78
	0
	78

	
	Data
	732
	636
	948
	852
	1404
	1212
	1836
	1644

	Punctured
	Header
	80
	80
	80
	80
	136
	136
	136
	136

	
	Bitmap
	0
	54
	0
	54
	0
	78
	0
	78

	
	Data
	372
	318
	372
	318
	1248
	1170
	1248
	1170

	Over head
	
	12
	12
	12
	12
	8
	8
	8
	8

	Total
	
	464
	464
	464
	464
	1392
	1392
	1392
	1392

	Header code-rate
	
	0.3875
	0.3875
	0.3875
	0.3875
	0.2721
	0.2721
	0.2721
	0.2721

	Data code-rate
	
	0.6075
	0.7107
	0.8011
	0.9371
	0.3606
	0.3846
	0.4760
	0.5077

	· The Header coding is kept unchanged 

· The bitmap is independently coded (with a 6 bit CRC)

· Data has 12 bit CRC

· USF bits are included in the header (the coding of USF is unchanged)

· Over head refers to stealing flags (and extra stealing flags in case of MCS 1-4)

· The coding of the data for RTTI coding schemes with bitmap is less robust than that without bitmap


Table 3: New coding schemes with constant payload – without reduced MCS bandwidth
The coding of the bitmap and the header is done as defined in [4]. Interleaving and burst mapping are also done as defined in [4].
2.1 Incremental Redundancy
Since the payload size is constant, retransmissions with incremental redundancy is possible between coding schemes with and without bitmap. Appropriate puncturing schemes should be defined to support this. For each MCS scheme, at least 4 different puncturing patterns are needed to support incremental redundancy in all cases with the new MCS schemes (for one IR retransmission). Algorithms similar to the ones used in FLO rate-matching could be used for this purpose. For the simulations in this contribution, uniform puncturing is used. 
3 Simulation results

Simulations are done for RTTI 3 and RTTI 6 type coding schemes for TU3 ideal frequency hopping channel. The results shown in this section are for the option shown in Table 2. As can be seen from Figure 1 and Figure 2, the difference in performance between the MCSs with and without bitmap is at the most around 2 dB for the simulated MCSs for the first transmission. The difference in performance after one IR retransmission is quite insignificant.
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Figure 1: MCS 3 like coding scheme - TU 3 ideal FH
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Figure 2: MCS 6 like coding scheme - TU 3 ideal FH


4 Summary
New coding schemes for RTTI transmission are defined. The new definition uses constant payload irrespective of the presence of the bitmap. Advantages and drawbacks of the new definitions were highlighted in this contribution. Simulation results showing the performance for one option of the new coding schemes are presented. It is observed that for the investigated coding schemes, the difference in performance between transmissions with and without bitmap is around 2dB for the first transmission and is insignificant after one IR retransmission. It is recommended that these findings are taken into account for definition of new MCS RTTI coding schemes. 
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