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Working Assumptions for RED HOT
1 Introduction

A work item on REduced symbol Duration, Higher Order modulation and Turbo coding was agreed at GERAN#32 [1]. In this contribution a set of link level working assumptions are presented for RED HOT. 

2 Burst format

It is desirable to align the burst formats of HUGE and RED HOT. However, on the downlink it is desirable that RED HOT level A and RED HOT level B mobiles could be multiplexed on the same timeslot without USF problems. To this end, one option is to make the burst format of RED HOT level A and level B compatible. Requirements could be agreed for level A mobiles to ensure this compatibility. Alternatively, it could also be agreed that RED HOT mobiles shall support both level A and level B although the choice of supported MCS and thus the support of level B is optional for the network.   
The burst format for 8 PSK can be reused for RED HOT level A. The following burst format is proposed for RED HOT level B.

	 Length in symbols
	Contents

	4
	Tail bits

	69
	Payload (one stealing bit)

	31
	Training Sequence

	69
	Payload (one stealing bit)

	4
	Tail bits

	10.5
	Guard Period


Table 1: Burst Format

The number of symbols of the tail bits, payload, guard period and the training sequence are all approximately 1.2 times as many as for the normal EGPRS burst (so that the duration in time is approximately the same). The 31 symbol training sequence shall be chosen so that both auto correlation and cross correlation properties are optimised. 
It is also proposed that two antipodal points in the constellation of 16 and 32 QAM are used for the mapping of the training sequence bits to symbols as shown in Figure 1 and Figure 2.

Note that perfect gray coded constellation can not be obtained for a 32 QAM constellation. In Figure 2 a constellation of 32 QAM is shown with 8 non gray constellation points – each differing from the nearest neighbour by 3 bits.
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Figure 1: 16 QAM Constellation - TSC symbols in RED
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Figure 2: 32 QAM cross constellation – TSC symbols in RED


3 Pulse shaping

Pulse shape optimization is treated as part of RED HOT work item and new pulse shapes which are more efficient shall be investigated. An option to avoid impact of higher symbol rate on the legacy mobiles in the field shall also be provided.

4 Modulation and Coding schemes

It is desirable that as few new modulation and coding schemes as possible are defined to minimize the standardization and implementation impact of the new feature. For the time being a set of different MCSs are proposed as a working assumption. The performance of these coding schemes will be evaluated and based on the performance as few coding schemes as necessary shall then be selected and standardized as part of the RED HOT feature. For level B, the best MCS out of the combined set of levels A and B should be selected.
4.1 New Header Types

Two new header types are defined for RED HOT. These are necessary to accommodate the new RLC/MAC blocks containing 3 and 4 RLC/MAC data blocks per radio block as shown in Table 2. The proposed coding of the new RLC/MAC header types are shown in Figure 3 and Figure 4. New BSNs (Block Sequence Number fields) are added to the RLC/MAC header. Note that BSN3 and BSN4 always encoded relative to BSN1 and the assumption is that all the BSNs in a radio block fall within the window size [2]. 

The CPS field needs to be longer for the new coding schemes. 2 or 3 different puncturing schemes are anticipated for each coding scheme
. For header type 5, each radio block can hold 4 RLC/MAC blocks. For a given modulation and symbol rate, up to 2 different coding schemes are anticipated to use header type 5 (see table Table 2 – HTCS-9 and 10). Hence, the CPS field needs to address up to a maximum of   EQ 
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combinations. Hence an 8 bit CPS field is assumed for this purpose in header type 5. For header type 4, the CPS field needs to address up to 3 coding schemes with 3 RLC/MAC blocks per radio block for a given modulation and symbol rate (see Table 2 – MTCS-10, 11 and 12). Hence, the address space needs to have up to 62 different values
 and 6 bits are reserved for this purpose. Note that once the final set of MCS schemes are agreed, the CPS field could be resized as necessary but probably no more than 8 bits will be necessary. 

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	BSN2
	BSN1
	4

	BSN3
	BSN2
	5

	CPS
	BSN3
	6

	Spare
	CPS
	7


Figure 3: Downlink Header Type 4 – used for coding schemes with 3 RLC/MAC blocks per radio block
	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	BSN2
	BSN1
	4

	BSN3
	BSN2
	5

	BSN4
	BSN3
	6

	CPS
	BSN 4
	7

	Spare
	CPS
	8


Figure 4: Downlink Header Type 5 – used for coding schemes with 4 RLC/MAC blocks per radio block
4.2 USF and stealing flags

There may potentially be a need for enhancing the USF coding for RED HOT. USF may be sent to a mobile that is at the cell edge/in bad radio conditions in a radio block on the downlink addressed to a mobile which is very near to the BTS using 32 QAM with higher symbol rate.  This then would be the worst case scenario for USF performance. Even in the case when USF is sent on a 32 QAM block with higher symbol rate, reasonable performance should be ensured for a mobile experiencing bad radio conditions. For the time being, it is assumed that the coding of the USF is kept unchanged. This assumption will probably be revisited during the work item. 

The number of stealing flags is assumed to be unchanged for the time being. Stealing flags enable fast physical layer signaling on the air-interface and it is worth considering whether any new features agreed as part of GERAN Evolution might benefit from having extra stealing flags defined to enable fast physical layer signaling.  
4.3 Alignment with HUGE

It is desirable that the modulation and coding schemes on the uplink and downlink are similar in terms of the number of RLC/MAC blocks per radio block, size of each RLC/MAC block size etc. Two new header formats are hence needed for the uplink as well. These are shown in Figure 5 and Figure 6. 

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	BSN1
	3

	BSN2
	4

	BSN3
	5

	CPS
	BSN3
	6

	Spare
	PI
	RSB
	7

	Spare
	8


Figure 5: Uplink Header Type 4 – used for coding schemes with 3 RLC/MAC blocks per radio block
	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	BSN1
	3

	BSN2
	4

	BSN3
	5

	BSN4
	BSN3
	6

	CPS
	PI
	RSB
	BSN4
	7

	Spare
	CPS
	8

	Spare
	9


Figure 6: Uplink Header Type 5 – used for coding schemes with 4 RLC/MAC blocks per radio block
[image: image4.emf]MTCS-5 MTCS-6 MTCS-7 MTCS-8 MTCS-9 MTCS-10 MTCS-11 MTCS-12 MTCS-13 HTCS-1 HTCS-2 HTCS-3 HTCS-4 HTCS-5 HTCS-6 HTCS-7 HTCS-8 HTCS-9 HTCS-10

(B) (A) (B) (A Padding) (A) (B) (A Padding) (A) (B) (B) (A) (B) (A)  (B) (A) (B) (A)  (A Padding) (A)

1 1 2 2 2 3 3 3 4 2 2 3 3 2 2 3 3 4 4

Data (bytes) 56 74 112 136 148 168 204 222 224 112 148 168 222 112 148 168 222 272 296

Header 25 25 37 37 37 53 53 53 61 37 37 53 53 37 37 53 53 61 61

44 44 44 44 44 44 44 44 44 44 44 44 44 44 44 44 44 44 44

1392 1392 1856 1856 1856 2320 2320 2320 2320 2208 2208 2208 2208 2760 2760 2760 2760 2760 2760

Data 0.3606 0.4760 0.5332 0.6469 0.7038 0.6441 0.7815 0.8502 0.8687 0.4429 0.5846 0.6804 0.8982 0.3483 0.4598 0.5323 0.7027 0.8694 0.9459

Header 0.2500 0.2500 0.2984 0.2984 0.2984 0.2944 0.2944 0.2944 0.2990 0.2803 0.2803 0.2944 0.2944 0.2803 0.2803 0.2944 0.2944 0.2990 0.2990

22.4 29.6 44.8 54.4 59.2 67.2 81.6 88.8 89.6 44.8 59.2 67.2 88.8 44.8 59.2 67.2 88.8 108.8 118.4

Data Rate (kbps)

8 PSK Turbo Coding

Number of RLC data blocks

Payload

Total

Overhead (stealing flags + USF)

Code-rate

Family



Coding Scheme 

16 QAM 32 QAM 16 QAM - Higher symbol rate 32 QAM - Higher symbol rate


Table 2: Proposed Coding schemes for RED HOT
5 Conclusion

In this contribution, a set of working assumptions for RED HOT are proposed. A set of coding schemes are also proposed on the downlink. The objective is to minimize the number of new coding schemes for data and if possible, align the coding schemes on uplink (HUGE) and downlink RED HOT. A set of working assumptions regarding various physical layer details are also presented. The purpose of this document is to initiate discussion regarding these issues and agree on some common parameters for simulation and standardization of the RED HOT feature in GERAN. 
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� 3 puncturing schemes would be needed for modulation and coding schemes with code rate > 2/3.


� MTCS-10 has code rate less than 2/3 hence it needs only 2 puncturing schemes. MTCS-11 and 12 would need 3 puncturing schemes each. Thus a total of � EMBED Equation.3  ��� values would be needed. 
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