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1. Overall Description:

During the RAN WG2#28, RAN2 agreed to include in the 3GPP specifications, formulas which provide a mapping between the TFRI and the TB size. This means that in stead of providing every UE with a UE-specific TFRI mapping by RRC signalling, the UE (and Node-B) can use the standardised formulas. 

Although RAN WG2 has agreed on this approach, no agreement was reached yet on the exact formulas to be included in the specifications. Two examples of such formulas are indicated in the attached contributions (R2-020765 section 2.2; R2-020767 section 2.4). In relation to these formulas, RAN2 would appreciate if RAN1 could answer the following questions:

1) In the agreed approach, the meaning of a TB size index on the HS-SCCH will depend on the value of the modulation scheme and the number of PDSCH codes in the channelisation code set. The coding rate is given implicitly by the number of bits in the transport block, the modulation scheme and the channelisation code set. RAN2 would appreciate RAN1s opinion regarding which coding rates are reasonable to consider when defining the possible TB sizes for a certain combination of modulation scheme and number of codes:

· Lower end: what is the lowest channel coding rate that should be considered e..g. 1/4 or 1/3 for QPSK, 1/3 or 1/2  for 16QAM, or other.

· Higher end: what is the highest channel coding rate that should be considered e.g. 7/8 or 1 for  QPSK,  3/4 or 1 for 16QAM, or other.
2) The formula will use some kind of step between the different TB sizes. Currently RAN2 is considering to use a fixed granularity in bits for a certain number of PDSCH codes and a certain modulation scheme. Note however that the step size has not been agreed yet.

RAN2 would appreciate RAN1s opinion regarding the optimal step size. An optimal step size should represent a compromise between number of different TB sizes and efficiently loss due to padding. Should the step size between the different TB sizes e.g. be constant in number of bits for each number of PDSCH codes or e.g. rather require a fixed step in required SIR. 

3) The proposals received in RAN2 differ w.r.t. the need to support TB size overlap for QPSK and 16QAM.

Does RAN1 see a relevant benefit if for certain TBsizes, both QPSK and 16QAM can be used. Note that this will require the definition of 2 TFRIs for the same TBsize. 

Or should RAN2 assume that for one TBsize, there is always only 1 prefered modulation scheme, so the TFRI only needs to be able to signal every TBsize for one specific modulation scheme. 

4) Does RAN1 have any other concern not listed in any of the proposals or in this LS, that RAN1 thinks should be taken into account when creating the table.
2. Actions:

To RAN WG1
ACTION: 
RAN1 is kindly requested to provide answers to the indicated questions.
Since the next RAN1 meeting is in parallel to the RAN2 meeting, and companies would like to provide inputs on the formula for the coming RAN2 meeting, it would be preferable if RAN1 could reply to this liaision from the ongoing RAN1 meeting.

3. Date of Next RAN2 Meetings:

RAN2_29
13 – 17 May 2002

Gyeongju, Korea.

RAN2_30
24 – 28 June 2002
Torino, Italy.
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1 Introduction



The contribution addresses the definition of Transport Block (TB) sizes employed on HS-DSCH. 



There are two principal approaches to the definition of  TB sizes for HS-DSCH: either to specify the set of TB sizes in a static, UE-independent way, or to allow for UE-individually configurable TB sizes.



At the previous meeting, RAN2 has taken the working assumption that TB sizes for HS-DSCH should be defined UE- individually.  Note however that RAN3 for now has taken the assumption of fixed (static) TB sizes to be used throughout UTRAN.



In this contribution we show, that UE-individual  assignment of TB sizes introduces an unnecessary flexibility, which in practice can hardly achieve much gain. It however introduces a potentially significant amount of  extra signalling, both in the network and over the radio interface and it adds significantly to the complexity of both HS-DSCH-enabled  base stations and terminals.  Therefore we suggest to employ a static, non-configurable set of TB sizes throughout UTRAN.



2 Transport Block sizes for HS-DSCH 



2.1 Fixed versus configurable TB sizes



For all transport channels defined in release 99, transport block sizes are configurable service-dependent and UE- individually. Consequently, it is not necessary to apply padding on the MAC layer or on the physical layer. 



For the HS-DSCH padding has been allowed on MAC-hs, primarily due to the intention to have the possibility of imposing a restriction on the total number of  required TB sizes.



The present  TFRI  format  employed on HS-SCCH provides a 6-bit field  for indication of the transport block size, i.e. 64 different TB sizes can be differentiated. Different sets of transport formats can be defined in dependency of the number of  HS-PDSCH codes  and the modulation scheme. This means that the TFRI provides the capability to indicate a rather big total number of different transport block sizes,  i.e. in total up to 64*2*15 = 1920 different formats could be defined. 



For a specific service configuration, in practice of course only a rather small  number of  different transport formats would be needed. If the required TB sizes would be signalled to the UE, it is possible (although not necessary) to define different set of TB sizes for each HS-PDSCH code number and modulation scheme.



Since the TFRI format allows to address a large number of  potentially different transport block sizes,  it seems reasonable  to specify all  possible TB formats by a fixed table and to renounce the flexibility of TB size configuration to the benefit of less complexity. It should be clear that using   UE-specific TB  sizes  cannot provide any significant gain when the number of hard-encoded TB sizes is large. 



Using fixed  TB sizes throughout the network and by all UEs  however has several substantial advantages:



· more simple conversion of  the  channel quality indicator  into a suitable  TB size in the Node B, 



· more simple implementation of the UE,



· avoiding excessive radio interface and Iub/Iur signalling, especially in mobility procedures,



· more easy UE conformance testing.



The only potential disadvantage of using non-configurable TB sizes is the overhead introduced when padding is applied. This overhead can be calculated simply as the ratio of  padding bits  and the PDU size, i.e. the data block size without padding applied given in terms of  bit number:



PaddingOverheadRatio = padding/PDUsize .



The padding overhead  causes a relative increase of  effective transmit power per user data bit, which can be calculated  simply as 



PowerOverhead  = 10*log10  [( PDUsize +  padding)/PDUsize]       (in dB) .                   



2.2 Example TB size mapping table



When employing static TB sizes a mapping table needs to be specified which identifies the TB size for each TFRI index, given by TB size index, modulation scheme and number of HS-PDSCH codes.



This  table could be defined using a simple rule as follows [1]:  



TBsizemin(n) =  M * n * 480/3 = M * n *160,



step(n) =  [M * n * 480 - TBsizemin(n)]/64, 



TBsize(n, i) =  TBsizemin(n) +  i * step(n), i = 0,…,63,



where M is the modulation order in bits/symbol (i.e. M = 2 for QPSK, M = 4 for 16QAM), n is the number of HS-PDSCH codes, and the constant 480 refers to the number of modulation symbols per 2 ms-TTI.  



The above approach yields transport block sizes, TBsizemin(n),…,  TBsizemax(n) which enable code rates between  approximately 1/3,…,1  for any given number of  HS-PDSCH codes n. The resulting exact minimum effective code rate is slightly larger than 1/3 due to CRC and tail bits added on the physical layer.  Note that in this  case the TB sizes can easily be calculated and do not even need to be stored. The resulting TB sizes are listed in the Table below.


The padding overhead  ratio can be determined as



PaddingOverheadRatio <  step(n)/ TBsizemin(n) =  1/32  = 0.03125 .



This means in the worst case the overhead  amounts to about 3 % which corresponds to a power overhead of only  0.13 dB. Worst case means that  in each row of the table constantly the smallest TB size and the largest amount of padding corresponding to “step” would be applied (the maximum amount of padding actually is “step – 1”). On average the resulting overhead will be even smaller due to variations of the TB size and the likely condition that not always the largest amount of padding must be applied.



The concrete entries of the above TB size mapping table may need to be reconsidered and decided upon when the MAC-hs header has been specified finally. This refers especially to the choice of TBsizemin (n) and TBsizemax (n) values.  RAN1 opinion  should be taken into account also.



Note that for specific MAC-hs header sizes it is possible to define TB sizes in a way that padding can be avoided completely, at least for the RLC payload sizes which are of the most practical relevance.



Variations of the header sizes must then be compensated by changing of the RLC payload size. Note that this simple approach is applied currently  to the reference SRBs defined in TS 34.108. This principle could also be applied to the HS-DSCH, if needed.



			# HS-PDSCH codes


			modulation



scheme


			#bits/TTI



 after RM


			TB sizes  (bits) 


			step (bits)





			1


			


			960


			320, 330, …,950  


			10





			2


			


			1920


			640, 660,…,1900


			20





			3


			


			2880


			960, 990,…, 2850


			30





			4


			


			3840


			1280, 1320,…, 3800


			40





			5


			


			4800


			1600, 1650,…, 4750


			50





			6


			


			5760


			1920, 1980,…, 5700


			60





			7


			QPSK


			6720


			2240, 2310,…,6650


			70





			8


			


			7680


			2560, 2640…, 7600


			80





			9


			


			8640


			2880, 2970,…,8550


			90





			10


			


			9600


			3200, 3300, …, 9500


			100





			11


			


			10560


			3520, 3630,…, 10450


			110





			12


			


			11520


			3840, 3960,…, 11400


			120





			13


			


			12480


			4160, 4290,…, 12350


			130





			14


			


			13440


			4480, 4620,…, 13300


			140





			15


			


			14400


			4800, 4950,…, 14250


			150





			1


			


			1920


			640, 660,…,1900


			20





			2


			


			3840


			1280, 1320,…, 3800


			40





			3


			


			5760


			1920, 1980,…, 5700


			60





			4


			


			7680


			2560, 2640…, 7600


			80





			5


			


			9600


			3200, 3300, …, 9500


			100





			6


			


			11520


			3840, 3960,…, 11400


			120





			7


			16QAM


			13440


			4480, 4620,…, 13300


			140





			8


			


			15360


			5120, 5280,…, 15200


			160





			9


			


			17280


			5760, 5940,…, 17100


			180





			10


			


			19200


			6400, 6600,…, 19000


			200





			11


			


			21120


			7040, 7260,…, 20900


			220





			12


			


			23040


			7680, 7920,…, 22800


			240





			13


			


			24960


			8320, 8580,…,24700


			260





			14


			


			26880


			8960, 9240, …, 26600


			280





			15


			


			28800


			9600, 9900,…, 28500


			300








3 Proposal



We propose to adopt the concept of static TB sizes for HS-DSCH and to include the implied changes into the next update of  TR 25.308 [2]. A respective CR to TS 25.331 could then be prepared, resulting in a simplification of  the transport format parameters for HS-DSCH. The final TB size table should be included into TS 25.302.


References
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1 Introduction



DL signalling on HS-SCCH consists of Transport-format and Resource related Information (TFRI) and HARQ Information. TFRI includes 7-bit channelization code set (CCS), 1-bit modulation scheme (MS), and 6-bit transport block size (TBS). [6]



The size of TBS has been decided to be 6, but the contents of the field are under discussion at this time. Some documents about this issue were treated in last RAN1/2/3 meetings [1][2][3].



At last RAN 3 meeting, it was decided that the information about TBS mapping rule will not be signalled, based on the assumption that RAN 1 will have a mapping table for TBS [4] while RAN 2 approved the CR [5] including signalling method for TBS mapping rule. Therefore, currently it is not clearly decided how TBS can indicate Mac-hs PDU size (Transport Block size) and there is some inconsistency between specifications.



In this contribution we consider the way of mapping this TBS 6-bit information to the real transport block size.



2 Transport Block Size



Depending on the number of channelization codes and coding rate, there are needs to have large amount of different transport block sizes. Since the TBS index consists of just 6 bits, the number of possible TB sizes is maximally 64. Therefore there may exist some mismatch between wanted size of transport block and possible TB size. This kind of mismatch can be solved by padding some dummy bits for resizing the transport block in MAC-hs level. It can be noted that the padding bits should be minimized, since the efficiency and performance would be degraded with large number of padding bits. 



In this contribution, we call the info bits in TBS field on HS-SCCH “TBS index”, and the real transport block size “TB size” for avoiding the misunderstanding.



2.1 Current Assumption



Currently it is assumed that there is a one-to-one mapping between TBS index and the TB size without dependency of number of codes and modulation scheme. This scheme is somewhat inefficient since the resolution of TB size could be too large and consequently there may be some degradation in efficiency and performance caused by large number of padding bits.



2.2 Mitsubishi’s scheme [1]


In Mitsubish’s contribution [1], 3 possible methods were compared and 1 scheme was proposed out of them. In that scheme, Same TBS index can indicate different TB size depending on number of codes and Modulation schemes. That means that the TB size is the function not only of TBS index but also of number of codes and Modulation schemes. Mapping rule is achieved by just equation using the TFRC index
, so Node B and UE don’t have to have additional table for TBS mapping. And it could be proposed to reduce the TBS index length by using just 2 bits as TBS index (3 information out of 64 TBS indices).



With only 2bits for TBS the resolution is not enough to support the various TB size and to minimize the padding bits. With this scheme the bit padding for making the appropriate size of transport block in MAC-hs should be large which makes the performance degradation. Furthermore the TFRC is not fixed yet and still under discussion now. 



2.3 Ericsson’s scheme [2]



This scheme gives very simple mapping rule between TBS index and TB size. In a given number of codes and modulation scheme, whole 64 kinds of information (6-bit TBS) can indicate different TB sizes where the maximum TB size corresponds to the maximum coding rate and the minimum TB size corresponds to the minimum coding rate. The minimum coding rate is 1/3 and the maximum coding rate is almost 1 in every case of number of HS-PDSCH codes and modulation scheme. The contribution [2] also proposed the detailed equations
 for calculating the TB sizes not using the table scanning method.



Since all the 6 bits are used for TBS, the resolution is small enough to have less padding bits in MAC-hs, which is one of the advantages of this scheme. 



From the performance point of view, the appropriate coding rate could range, e.g., from 1/4 to 7/8 for QPSK and from 1/2 to about 3/4 for 16QAM so that, with the given number of codes, the minimum supportable TB size of 16QAM is larger than the maximum supportable TB size of QPSK. But, this scheme assumes the same coding rate range for both QPSK and 16QAM, and sometimes gives overlapping values e.g. with 1 code 16 overlapped TB size btw QPSK and 16QAM. Provided that QPSK with 2/3 coding is not much different from 16QAM with 1/3 coding in terms of physical performance, then those overlapping values impose some inefficiency.



2.4 Proposed scheme



We propose an optimised scheme of mapping the TBS index to TB size including the advantages of above 2 schemes.



Proposed scheme also uses not the table scanning but the equation for mapping TB size from TBS index. The equation is shown below.






[image: image1.wmf]m



index



TBS



index



MS



size



TB



´



´



+



´



+



=



)



10



_



640



_



180



(



_






where MS_index is equal to 0 for QPSK and 1 for 16QAM and m is the number of codes.



For making this equation, we considered these points.



1. Resolution of TB size should be sufficiently small with usage of 6-bit TBS index.



2. In each case of number of codes and modulation scheme, all 6 bits are used for mapping of TBS index to TB size. It means that TB size is a function not only of TBS index but also of number of codes and Modulation Scheme.



3. With the given number of codes, the minimum supportable TB size of 16QAM is larger than the maximum supportable TB size of QPSK



4. The step size of QPSK is equal to that of 16QAM



Table 1 shows the detailed mapping table of TBS index according to the equation above. If the wanted size of transport block is decided, we make the TB index mapped to smallest TB size not less than the wanted one. Some dummy bits are padded for the difference between real data size of transport block and TB size. These padding bits would be smaller than the step size, since the resolution of TB size is equal to step size.



			Number of HS-PDSCH codes


			Modulation scheme


			Step (bits)





			


			QPSK


			16QAM


			





			


			Number of bits/TTI after rate matching


			TB sizes  (bits)


(TBS index = 0,1, …, 63)


			Number of bits/TTI after rate matching


			TB sizes  (bits)



(TBS index = 0, 1, …, 63)


			





			1


			960


			180, 190, …, 810


			1920


			820, 830, …, 1460


			10





			2


			1920


			360, 380, …, 1620


			3840


			1640, 1660, …, 2920


			20





			3


			2880


			540, 570, …, 2430


			5760


			2460, 2490, …, 4380


			30





			4


			3840


			720, 760, …, 3240


			7680


			3280, 3320, …, 5840


			40





			5


			4800


			900, 950, …, 4050


			9600


			4100, 4150, …, 7300


			50





			6


			5760


			1080, 1140, …, 4860


			11520


			4920, 4980, …, 8760


			60





			7


			6720


			1260, 1330, …, 5670


			13440


			5740, 5810, …, 10220


			70





			8


			7680


			1440, 1520, …, 6480


			15360


			6560, 6640, …, 11680


			80





			9


			8640


			1620, 1710, …, 7290


			17280


			7380, 7470, …, 13140


			90





			10


			9600


			1800, 1900, …, 8100


			19200


			8200, 8300, …, 14600


			100





			11


			10560


			1980, 2090, …, 8910


			21120


			9020, 9130, …, 16060


			110





			12


			11520


			2160, 2280, …, 9720


			23040


			9840, 9960, …, 17520


			120





			13


			12480


			2340, 2470, …, 10530


			24960


			10660, 10790, …, 18980


			130





			14


			13440


			2520, 2660, …, 11340


			26880


			11480, 11620, …, 20440


			140





			15


			14400


			2700, 2850, …, 12150


			28800


			12300, 12450, …, 21900


			150





			Possible effective coding rate


			( 1/5, …, 6/7


			


			( 1/2, …, 3/4


			








Table 1. Proposed scheme of TBS index mapping table



3 Conclusion



This contribution evaluates some TBS index mapping method proposed in last meetings and proposes an optimised method. With this proposed method, the resolution of TB size is small enough to have suitable performance against the padding dummy bits. We propose that this scheme be included in HSDPA specifications and we are willing to draft corresponding CRs based on the agreement.
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