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1 Introduction

This correspondence responds to Liaison Statement from TSG RAN WG2 to WG1  (TDoc TSG RAN WG2 (99) 168)on Random Access and the usage of Hybrid ARQ Type II/III. Paragraph 2 is the response to the  random access inquiry, while Paragraph 3 presents the current status of hybrid ARQ Type II/III in WG1. 

2 Random Access

2.1 RACH in FDD

The UTRA/FDD RACH supports a minimum spreading factor of 32 for the message part. This implies 1280 channel bits per 10 ms message. The coding rate for UTRA/FDD RACH has not yet been determined. Outlined below are two alternatives:

Rate 1/3 coding

Maximum number of information bits including CRC and tail (8 bit): 426.

Maximum payload (excluding 16 bits CRC): 50 bytes

Rate 1/2 coding

Maximum number of information bits including CRC and tail (8 bit): 640

Maximum payload (excluding 16 bits CRC): 77 bytes

Consequently, the UTRA/FDD RACH transfer payload  is 50 bytes or more.

However, a RACH with spreading factor of 32 cannot be recommended to be the normal case. For normal RACH use, the spreading factor for RACH should be higher.It should be noted that the power for the RACH transmission cannot be set as accurately as for dedicated channels, so that the RACH transmission is not as efficient as the transmission of a dedicated channel.

2.2 RACH in TDD

The current working assumption for TDD RACH provides two RACH instances for 625 (sec time-slot. Assuming spreading factor of 16 (maximal  spreading factor for TDD) this structure provides 84 raw bits (42 QPSK symbols) in each RACH instance. The coding rate for UTRA/TDD RACH has not yet been determined. Assuming 8 tail bits and 8 bits for CRC we get the following values:

Rate 7/8 coding 

Maximum number of information bits (excluding 16 bits CRC+tail):  57

Maximum payload: 7 bytes

Rate 2/3 coding 

Maximum number of information bits (excluding 16 bits CRC+tail): 40

Maximum payload: 5 bytes.

Rate ½ coding

Maximum number of information bits (excluding 16 bits CRC+tail): 26

Maximum payload: 3 bytes.

Similar to FDD,TDD also has the option of decreasing the spreading factor for RACH. As  in FDD, this requires better signal to noise ratios than for the higher spreading factor. In the case of spreading factor of 8, the payload becomes:

Rate 7/8 coding 

Maximum number of information bits (excluding 16 bits CRC+tail):  131

Maximum payload: 16 bytes

Rate 2/3 coding 

Maximum number of information bits (excluding 16 bits CRC+tail): 96

Maximum payload: 12 bytes.

Rate ½ coding

Maximum number of information bits (excluding 16 bits CRC+tail): 68

Maximum payload: 8 bytes.

Due to the short transmission time for TDD RACH bursts, the channel conditions will not vary significantly during a RACH burst. Simulations show that for this reason a coding of 7/8 provides a reasonable tradeoff between performance and throughput.

To achieve comparable payloads in FDD and TDD, as an example, in FDD SF 256 with rate 1/2 coding and some repetition can be used to get 57 bits. SF 256 with rate 1/3 and some puncturing can be used to get 40 bits. To have a common payload at 26 bits, the SF 256 could be used with rate 1/3 and some repetition. As can be seen from these examples, similar payloads are possible for the TDD and FDD RACH for certain system parameters.

The numbers given above are valid for the RACH scheme which is the current working assumption on TDD.

In 3GPP TSG RAN WG1 Tdoc 192, another proposal for RACH is given which is presently under discussion in WG1 but which is not a working assumption. According to this proposal, the maximal payload on the RACH  can be increased by replacing the current RACH frame structure with single RACH instance for time slot. The resulting payloads for the alternative structure are summarized below for spreading factor of 16:

Rate 7/8 coding 

Maximum number of information bits (excluding 16 bits CRC+tail):  197

Maximum payload: 24 bytes

Rate 2/3 coding 

Maximum number of information bits (excluding 16 bits CRC+tail):  146

Maximum payload: 18 bytes.

Rate ½ coding

Maximum number of information bits (excluding 16 bits CRC+tail): 106

Maximum payload: 13 bytes.

For a spreading factor of 8 the payloads are: 

Rate 7/8 coding 

Maximum number of information bits (excluding 16 bits CRC+tail): 411

Maximum payload: 51 bytes

Rate 2/3 coding 

Maximum number of information bits (excluding 16 bits CRC+tail): 309

Maximum payload: 38 bytes.

Rate ½ coding

Maximum number of information bits (excluding 16 bits CRC+tail): 228

Maximum payload: 28 bytes.

The alternative RACH frame structures enables an increase in the maximal payload of the RACH in TDD mode.. The maximal UTRA/TDD RACH transfer  payload is 51 bytes. However, the alternative RACH frame structure for TDD reduces the number of collision groups from 16 to 8. It still has to be investigated whether this reduced number of collision groups is sufficient.

2.3 Conclusion on RACH

According to the current RACH frame structure in TDD mode, the maximal payload achievable in TDD mode is lower than the maximal payload achievable in FDD. Also, it has been shown that for normal RACH use, similar payloads are possible for the TDD and FDD RACH for certain system parameters. The maximal payload of the TDD RACH can be increased according to a new proposal in Tdoc 192 by replacing the current RACH frame structure with an alternative structure having one RACH instance per time slot. The alternative  RACH structure, however, reduces the number of collision groups in TDD mode from 16 to 8. Thus, in TDD mode, there is a tradeoff between two conflicting objectives: maximizing the number of collision groups, and providing a high payload, comparable to the payload achievable in FDD mode. 

In general, it has to be considered that every RACH message suffers from less accurate power setting compared to dedicated channels, lack of timing advance etc. Thus, it is preferable to allocate dedicated resources for transmission of larger amounts of data.

TSG RAN WG1 would like to invite WG2 to provide comments on the above discussion, and particularly on the tradeoff between the number of RACH collision groups and RACH payload in TDD mode. Also, WG1 asks WG2 for their (minimum) requirements on the payload for RACH. In particualar, WG1 would appreciate a figure on the number of bits needed for subscriber identification. 
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