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1.
Introduction
Currently, there is no strict limit in the number of PDUs that can be sent in a single TTI. We consider that hhis is an important design parameter for the purpose of evaluating RLC and deciphering engine complexity and we feel it should be specified.

In this document we go over a description of the header format and we provide an example of how large the number of PDUs that it allows to include in a single TTI could be. We then attempt to determine a realistic value for the number of PDUs sent in a TTI.  

2.
Background

During the RAN WG2 meeting #26 in Sophia Antepolis, it was agreed to add the possibility to schedule PDUs of different sizes in a single TTI. In order to limit the overhead associated with allowing a variable number of different PDU sizes in a single TTI, it was agreed to use a 1bit flag to extend the MAC-hs header (see [1]). Every time the PDU size is modified, this flag is set, and the fields indicating the size and corresponding number of blocks are appended to the header. Note that the same size may be occurring multiple times. At the same meeting, it was also agreed to use seven bits to identify the number of PDUs of a given size included in the payload. 

This means that the signaling allows having up to 128 blocks of a given size. Since the number of different PDU sizes is not restricted in any way, the only limitation on the total number of blocks is only defined by the RLC size. The RRC signaling currently allows signaling any RLC size from 0 to 4096bits. Given the size of the RLC header and the fact that RLC PDUs have to have a size that is an integer number of octets, the smallest RLC PDU size for AM is 3 bytes. 

If we assume that the largest TB size that we want to support is 21kbits (corresponds to ¾ coding rate with 15 codes and 16QAM), then, if we assume that the average PDU size is 5 bytes (equally distributed among 3, 4, 5, 6 and 7 bytes), this would correspond to 525 PDUs (105 for each size), which we would consider to be too high. 

We would like to see the total number of PDUs that can be transmitted in a single TTI limited to a specific number.

3.
Discussion

We consider that the RLC PDU size will be selected in accordance to the distribution of data-burst sizes generated by the combination of the application and TCP/IP. For applications that on the average produce large data bursts, the PDU size should be large and for applications that produce small data bursts on the average, the PDU size should be equivalently small. This makes sense in order to optimize the trade-off between RLC padding and RLC overhead. 

Specifically, if we consider that y is the average number of bits in a higher layer data burst and x is the PDU size then the average amount of padding introduced per data-burst is: x/2. Similarly, the amount of overhead introduced by RLC is 8 and 16bits respectively for UM and AM per RLC PDU. Therefore, the overhead per data-burst is 8*y/x for UM RLC and 16*y/x for AM. The optimal RLC PDU size is such that the average padding is equal to the average overhead:

· UM RLC: x/2 = 8*y/x ( x = sqrt(16*y)

· AM RLC: x/2 = 16*y/x ( x = sqrt(32*y)

Therefore, the optimal RLC PDU size can be computed based on the average higher layer data-burst size. A table is provided below for a few data-burst sizes. It provides the optimal RLC size, the corresponding number of PDU sizes per burst and the maximum number of PDUs per TTI if we assume that a burst can be four times as big as the average and that the maximum number of bits transmitted per TTI is 21kbits (see [2]).

	Higher layer burst size
	Optimal AM RLC PDU size
	Optimal # of AM PDUs per burst
	Max # AM PDUs per TTI
	Optimal AM RLC PDU size
	Optimal # of AM PDUs per burst
	Max # AM PDUs per TTI

	1000
	178.8854
	5.59017
	22.36068
	126.4911
	7.905694
	31.62278

	2000
	252.9822
	7.905694
	31.62278
	178.8854
	11.18034
	44.72136

	3000
	309.8387
	9.682458
	38.72983
	219.089
	13.69306
	54.77226

	4000
	357.7709
	11.18034
	44.72136
	252.9822
	15.81139
	63.24555

	5000
	400
	12.5
	50
	282.8427
	17.67767
	70.71068

	6000
	438.178
	13.69306
	47.92572
	309.8387
	19.36492
	67.77721

	7000
	473.2864
	14.7902
	44.3706
	334.664
	20.9165
	62.7495

	8000
	505.9644
	15.81139
	41.50489
	357.7709
	22.36068
	58.69678

	9000
	536.6563
	16.77051
	39.13119
	379.4733
	23.71708
	55.33986

	10000
	565.6854
	17.67767
	37.12311
	400
	25
	52.5

	11000
	593.2959
	18.5405
	35.39549
	419.5235
	26.22022
	50.05679

	12000
	619.6773
	19.36492
	33.8886
	438.178
	27.38613
	47.92572

	13000
	644.9806
	20.15564
	32.55912
	456.0702
	28.50439
	46.04555

	14000
	669.328
	20.9165
	31.37475
	473.2864
	29.5804
	44.3706

	15000
	692.8203
	21.65064
	30.31089
	489.8979
	30.61862
	42.86607

	16000
	715.5418
	22.36068
	29.34839
	505.9644
	31.62278
	41.50489

	17000
	737.5636
	23.04886
	28.47212
	521.5362
	32.59601
	40.26566

	18000
	758.9466
	23.71708
	27.66993
	536.6563
	33.54102
	39.13119

	19000
	779.7435
	24.36699
	26.93193
	551.362
	34.46012
	38.0875

	20000
	800
	25
	26.25
	565.6854
	35.35534
	37.12311

	21000
	819.7561
	25.61738
	25.61738
	579.6551
	36.22844
	36.22844


The results indicate that based on the assumptions, if the optimal PDU size is respected, the average number of PDUs per burst would be 26 and the maximum number of PDUs per burst would be 50 for AM and 70 for UM when multiplexing is not applied.

In order to account for the case where dynamic channel type switching between HS-DSCH and DCH needs to be applied, we will consider what happens when we cap the RLC PDU size to 320 bits, which is a common RLC PDU size in R’99 default configurations. For this size, if we assume that the maximum number of bits per TTI is 21000, the maximum number of PDUs per TTI is 66.

We will assume that when multiplexing is applied, there can be at most 3 applications for which the optimal PDU size is smaller than 320 bits. For the rest of the applications, the PDU size will be assumed to be 320 bits. Based on the multiplexing gain, it is assumed that the sum of the data available for the three “low data-rate” applications is equal to 3 times the average burst size for a single application. Based on these assumptions, the resulting number of blocks per TTI is (see [2]):

	Higher layer data burst size for low-rate apps
	Max # AM PDUs when multiplexing is applied
	Max # UM PDUs when multiplexing is applied

	1000
	73.02051
	79.96708

	2000
	70.59208
	80.41602

	3000
	66.54738
	78.57919

	4000
	65.625
	75.55916

	5000
	65.625
	71.78301

	6000
	65.625
	67.46975

	7000
	65.625
	65.625

	8000
	65.625
	65.625

	9000
	65.625
	65.625

	10000
	65.625
	65.625

	11000
	65.625
	65.625


The results show that even when multiplexing is applied, the maximum number PDUs that can be transmitted in a single TTI are 73 for AM and 80 for UM. 

4.
Proposal

The table below summarizes the results derived above:

	
	No Multiplexing
	Multiplexing

	Mode
	AM
	UM
	AM
	UM

	# PDUs
	50
	70
	73
	80


In the assumptions made above, the UM channels have been assumed to be equivalent to AM channels even though it is by now agreed that the data rate on UM channels will be lower than what is expected for AM channels. Therefore, we would consider reasonable to only allow up to 70 PDUs per TTI across all sizes. We also consider that it would be reasonable to reduce the size of the field N to 6 from 7bits. The corresponding CR is attached to this document.
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9.2.2
MAC PDU: Parameters of the MAC header (HS-DSCH)

-
Version Flag (VF):
The VF field is a one bit flag providing extension capabilities of the MAC-hs PDU format. The VF field shall be set to zero and the value one is reserved in this version of the protocol.

-
Queue identifier (Queue ID):
The Queue ID field provides identification of the reordering queue in the receiver, in order to support independent buffer handling of data belonging to different reordering queues. The length of the Queue ID field is 3 bits.

-
Transmission Sequence Number (TSN):
The TSN field provides an identifier for the transmission sequence number on the HS-DSCH. The TSN field is used for reordering purposes to support in-sequence delivery to higher layers. The length of the TSN field is 6 bit.

-
Size index identifier (SID):
The SID fields identifies the size of a set of consecutive MAC-d PDUs. The MAC-d PDU size for a given SID is configured by higher layers and is independent for each Queue ID. The length of the SID field is 3 bits.

-
Number of MAC-D PDUs (N):
The number of consecutive MAC-d PDUs with equal size is identified with the N field. The length of the N field is 6 bits. The maximum number of PDUs transmitted in a single TTI shall be assumed to be 70. If more PDUs are received, the UE behaviour is unspecified.
-
Flag (F):
The F field is a flag indicating if more SID fields are present in the MAC-hs header or not. If the F field is set to "0" the F field is followed by a SID field. If the F field is set to "1" the F field is followed by a MAC-d PDU.

9.2.2.1
MAC header for DTCH and DCCH

a)
DTCH or DCCH mapped to HS-DSCH:

-
The Queue ID field and TSN field are always included in the MAC-hs header. One SID field, N field and F field is included for each MAC-d PDU size included in the MAC-hs PDU. Padding is not explicitly indicated but is included in the end of the MAC-hs PDU if the total size of the MAC-hs payload is smaller than the transport block set size.
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