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1 Introduction
This document discusses the number of parameter combinations in LTE. In particular, we discuss the number of
- physical resource combinations 
- transport block size combinations
- rate matching combinations 

As we see that a huge number of combinations is required according to the current RAN1 understanding/agreement, the reduction of combinations is an important criterion for the LTE system design. Therefore, we propose to continue the work on reducing the number of combinations in LTE. This should not only focus on the number of rate matching combinations but also on other aspects like the physical resource combinations and transport block size combinations.

2 Discussion

2.1 Physical resource combinations
In HSDPA, for DL-SCH the number of physical resource combinations is 30 (= 15x2) combinations:


Physical resource combinations:
15 (From 1 to 15 codes transmission)


Modulation scheme:

2 (QPSK, 16QAM)

In LTE DL, the number of physical resource combinations  for DL-SCH are 2700 (= 100x9x3):


Number of Resource Block
100 (Assuming 20MHz occupies 1201 subcarriers)


Number of REs in a RB

9 (Variation of control signal REs and antennas)

Modulation scheme:

3 (QPSK, 16QAM, 64QAM)

Above calculation means that 90 times (= 2700/30) more combinations are required to be tested in LTE compared to HSDPA. Although, we recognize the importance of the time/frequency resource utilization in an OFDMA system, we think some kind of simplification is very important in order to reduce the test effort and in order to design a realistic LTE system. 

Note, that if puncturing of the DL-SCH is carried out on RE level, in order to provide more energy to the RSs, the number of possibilities of REs in a RB would be further increased. 

Another special handling case for DL-SCH wouldexist for the REs that are not utilized by P-BCH/P-SCH/S-SCH within the 6 center RBs in subframe#0 and subframe#5 for FDD/TDD Frame Structure 1. For TDD Frame Structure 2 a similar issue arises in the corresponding subframe.

In order to reduce the test effort, we propose to discuss the reduction of physical resource sizes without loosing too much efficiency. One possibility may be to limit the combinations between the number of RBs and the modulation scheme - for example, not all RB allocation sizes may be allowed with 64QAM. This might be useful for blind power estimation of the DL-SCH. In addition, naturally, the control signalling design would also reduce the number of RB allocation sizes in order to reduce the signalling on the PDCCH.

In the sections above we focused on the downlink. It should be noted, that is also important to reduce the combinations in the uplink.

2.2 Transport block size combinations

In HSDPA, the number of combinations of the transport block sizes is 256. Although each physical resource combination  (code, modulation scheme) indicates 63 combinations of transport block sizes as TFRI, the mapping is carried out onto 256 combinations. In HSDPA, the maximum overhead of the padding by this limitation is approximately 1.8% [1].

In LTE, the maximum downlink peak rate is 172.8Mbps with 2x2 MIMO [2]. If we continue to keep approximately 1.8 % overhead, around 417 combinations (=log(1.018)(172800/100) ) are necessary. For 4x4 MIMO (peak rate of 326.4Mbps) even more combinations are necessary.

Therefore, the difference between LTE and HSDPA is around a factor of 1.6 (=417/256). One could say that this is a reasonable level of increase that can be managed, although to reduce the number of combinations is still an important factor for a faster realization of LTE.

2.3 Rate matching combinations
In HSDPA, the number of effective coding rate combinations is about 1890 (=30x63) if we neglect the case of TBS indicating "111111". This large number of combinations is required due to the two stage rate matching and different UE capabilities with respect to soft buffering. According to a rough calculation, the 1st rate matching stage has 2004 combinations and the 2nd stage has 2912 combinations in HSDPA.

In [3], in order to reduce the test effort regarding the two stage rate matching and the multiple UE capabilities, a one stage rate matching is suggested. We support the idea to reduce the number of combinations in rate matching . As suggested, the possibility to treat a high capability UEs the same way as a low capability UEs is very useful to reduce the testing complexity for the eNodeBs and the high capability UEs. Further, having a limited set of LTE classes [4] is also useful to reduce the number of combinations.

In LTE, assuming 6 bits in the TFRI field similarly to HSDPA, the number of possible effective coding rate combinations is 172800 (=2700x64). A reduction of the TFRI field size (or corresponding coding rate indication) to 4 or 5 bits is useful to reduce the testing combinations and for the reduction of the PDCCH overhead.

Another possibility to decrease the number of rate matching combinations is the number of IR patterns for HARQ. In HSUPA, the effect from a reduction of the number of redundancy versions has been evaluated [5]. Also, this would help to reduce the overall test effort and would be helpful for a faster realization of LTE.

3 Conclusion
This document discusses the number of parameter combinations in LTE. At the current state, a huge number of combinations is required, therefore a reduction of the number of combinations is an important criterion for the LTE system design in order to facilitate timely testing and efficient signalling.

Therefore, we propose to continue the work to reduce the number of combinations in LTE.
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