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Discussion

The issue of signaling the Transport block size was discussed during the RAN WG1#25 and WG2#28 meetings. The RAN1 discussions were summarized in the LS reply to RAN WG2 [2]. In response to RAN2 question on overlap between modulations etc., the RAN1 response is the following:

RAN1 does see a benefit with overlap in TB size between QPSK and 16QAM, e.g. in cases where an initial transmission uses 16QAM, while the retransmission may use QPSK. This would be applicable, e.g. in situations where the radio conditions change considerably from initial transmission to retransmission. Further, it is considered beneficial to allow overlap between different number of codes to a certain extent.

It was also proposed to further discuss the issue of TB size signaling on RAN1 reflector. Ericsson submitted a proposal for transport block sizes for HS-DSCH [1] to RAN1 reflector. It is proposed to evenly distribute the TB sizes in the log domain.  We agree with the approach of evenly distributing the TB sizes in the log domain because it minimizes the worse case MAC-hs padding. 

A full overlap between modulation and number of codes is desired (thereby making the TB size independent of the number of channelization codes) for maximum Node-B scheduling flexibility. This allows Node-B to efficiently code multiplex UEs with different resource requirements and different UE capabilities. However, the scheme proposed by Ericsson achieves only a partial overlap between modulation and number of codes thus leading to restriction on number of codes and hence the coding rate that can be used for new transmissions and retransmissions. These restrictions in scheduling lead to several undesirable consequences. Some examples of the inefficiencies due to a partial overlap between modulation and number of codes are summarized below:

· The number of codes that can be allocated to a retransmission needs to be within a certain range. In other words, the coding rate for retransmissions should always be smaller than 1. This can make the scheduling and resource allocation at Node-B complex and inefficient. For example, with a total of 10 codes available for HSDPA Node-B schedules UE1 and UE2 with each UE 5 codes allocated using QPSK at 3/4 coding rate. Assuming that UE1 needs a retransmission. However at the time of retransmission, Node-B scheduler selects UE3 that needs 7 codes. Therefore, 3 codes will be available for UE1 retransmission. But a retransmission cannot be performed because the resulting coding rate will be greater than 1. Therefore the scheduler has to either select another UE for which a transmission can be performed (which may hurt scheduling performance) over 3 codes or simply leave the 3 codes go wasted. 

· It may seem that the above-mentioned problem can be solved if the scheduler gives priority to retransmissions over new transmissions. It is clear that scheduler will always give priority to retransmission over new transmissions for the same UE. However, giving priority to a retransmission to one UE over new transmission to another UE can hurt scheduling performance with any channel quality sensitive scheduler (e.g. PF or Max C/I). Moreover, it is possible that two retransmissions to different UEs need to be code multiplexed within the same TTI. For example, two new transmissions are performed in two different TTIs using 8-codes each at 3/4 QPSK (in each case suppose that 2-codes were used for (re)transmissions to some other UEs, assuming 10-codes allocated to HSDPA). Now if scheduler gives priority to retransmissions, only one retransmission can be performed wasting 2 codes. This is assuming that in this case scheduler would not select the new transmission because a retransmission is pending. Furthermore, if retransmissions are always prioritized over new transmissions, new transmissions can be forced to use very small code block sizes that is not good from excessive overhead and poor Turbo decoding performance point of view. For example, in some cases, a new transmission will be forced to use one code (and therefore, a small TB size) even if a large backlog is pending for the UE.

· The coding rate for the first transmission cannot be greater than 1. However, in many cases, Node-B may decide to use a coding rate greater than 1. For example during compressed mode operation if an ACK/NACK for a transmission falls within a "gap", the Node-B can use a very aggressive modulation and coding so that the ACK/NACK feedback is a sure "NACK". A simple way of achieving this is to perform the transmission at a coding rate greater than 1. Moreover, in some cases even if the number of available codes for a UE is small, Node-B can start a transmission with a larger TBS that results in coding rate of greater than 1. This is to avoid using very small TB size that will result in excessive overhead and poor Turbo decoding performance.

Transport Block Sizes for HS-DSCH 

The transport block sizes using the even distribution in the log domain approach proposed in [1] are shown in Table 1.  With 6-bits signalling on the HS-SCCH, a total of 64 TB sizes are obtained providing full overlap between modulations and number of channelization codes. The average worse case padding is only 3.6%. However, the actual padding can be further lower due to the following reasons.

· The padding will only apply to the last transport block transmitted from MAC-hs buffers.  For example, if 12000 bits are sitting in the Node-B buffers and is carried using 10 TBs of size around 1200 bits. Then padding will apply to the last TB only resulting in an average 0.36% padding overhead. For larger backlogs, the overhead will even be smaller.

· Some of the TB sizes can be made multiple of commonly used TB resulting in zero padding when these TB sizes are used.
Table 1 TB sizes supported in HSDPA

TB index
TB size

[bits]
TB index
TB size

[bits]
TB index
TB size

[bits]
TB index
TB size

[bits]



0
296
16
946
32
3026
48
9677

1
318
17
1018
33
3255
49
10407

2
342
18
1095
34
3500
50
11191

3
368
19
1177
35
3763
51
12034

4
396
20
1266
36
4047
52
12941

5
426
21
1361
37
4352
53
13916

6
458
22
1464
38
4680
54
14965

7
492
23
1574
39
5033
55
16092

8
529
24
1692
40
5412
56
17305

9
569
25
1820
41
5820
57
18609

10
612
26
1957
42
6258
58
20011

11
658
27
2105
43
6730
59
21519

12
708
28
2263
44
7237
60
23141

13
761
29
2434
45
7782
61
24884

14
818
30
2617
46
8369
62
26760

15
880
31
2814
47
8999
63
28776

Conclusions
The TB sizes can be uniformly distributed in the log domain reducing the worse case MAC-hs padding overhead. In addition to reducing overhead, it is also required to avoid restrictions on node-B scheduling that can result in inefficiencies when Node-B needs to code multiplex UE with different resource requirements and different UE capabilities. With the existing 6-bit TB size signaling, it is possible to achieve full modulation and number of codes overlap while keeping the padding overhead below 3.6%. In fact when there is sufficient data in MAC-hs buffers that is expected to be the case with HSDPA service, the padding overhead is less than 1%. Therefore, we propose the following as way forward on TB size signaling:

· The existing 6-bit TB size signaling can be kept to signal up to 64 TB sizes. The TB sizes are distributed uniformly in the log domain resulting in worse case average padding of only 3.6%.
· If worse case average padding of only 3.6% is considered unacceptable, then 1-2 more bits can be added on the HS-SCCH to provide a finer granularity in TB size signaling. Note that 2-bits on HS-SCCH part2 need only 0.3dB more power. Increasing TB size granularity beyond 64 sizes with additional restrictions on Node-B scheduling is not desirable because it not only results in degraded performance but also increased Node-B and UE complexity and processing.
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