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Introduction

In [1] and [2] the HS-DSCH provides for a single Transport Block Set and hybrid ARQ process per TTI. In TDD this restricts the ability to provide for Incremental Redundancy and maximum data rate.

Discussion

In [1] the Hybrid ARQ allows for choice of combining schemes. Since the transport block size must remain the same in retransmissions as for the initial transmission, if the MCS is changed the physical resources required for retransmissions will change.

Section 7.1 of [1] states: “For a retransmission, the transport-block set is the same as for the initial transmission. This means that, for a retransmission, the number of information bits (NINFO) to be transmitted is the same as for the initial transmission.  Furthermore, for a retransmission, the modulation scheme and the channelisation-code set, including the size of the channelisation-code set, and the transmission power, may be different compared to the initial transmission. This means that, for a retransmission, the number of available channel bits Nch may differ compared to the initial transmission. Even if the number of available channel bits Nch is the same, the set of channel bits may be different for the retransmission compared to the initial transmission (Incremental Redundancy).”

In [2] section 5.2.1 on HS-DSCH characteristics it is defined that “There is only one CCTrCH of HS-DSCH type per UE”, and “There is only one HS-DSCH per CCTrCH”. Additionally, in [2] section 5.3 on HS-DSCH transport channel attributes it is defined that “An identical transport block set size shall be applied for retransmission”.

When Incremental Redundancy is applied the H-ARQ process will choose increasingly robust MCS for each subsequent retransmission, serving a particular TBS until successful reception is acknowledged or the decision is made to discard the transmission. In this case the successive retransmissions will result in an increase in the physical resource requirements for the particular TBS and H-ARQ process. In TDD mode of operation, this results in an increase in the number of required timeslots. 

In [1] section 4.2 it is defined that “1.28 Mcps TDD uses a fixed single 5ms TTI. The TTI for 3.84 Mcps TDD is 10 ms”. One of the reasons for these TTI sizes in TDD is to allow for flexible timeslot assignment in each radio frame as well as sub-frame in the case of 1.28 Mcps TDD. A certain set of timeslots will be configured for HS-DSCH traffic, and individual HS-DSCH transmissions will require and be applied to subsets and potentially the full set of the available HS-DSCH timeslots.

Since for retransmissions of a particular TBS the required MCS for retransmission might be more robust than initial transmission, the number of required timeslots is correspondingly increase. Therefore, the H-ARQ process with the maximum TBS size must consider the most robust MCS choice and correspondingly the maximum number of timeslots available in the HS-DSCH TTI. However, when a less robust MCS is applied as an initial transmission, only a subset of the available timeslots can be used in order to allow for subsequent retransmissions with more robust MCS.

The more robust the MCS the lower the effective data rate, and the less robust the MCS the higher the effective data rate. Therefore to achieve the maximum data rate possible in TDD it should be possible to allow the least robust MCS to be used in all timeslots available in an HS-DSCH TTI.

In [2] section 5.3 on HS-DSCH transport channel attributes it is stated that “There is one CRC per TTI, i.e. one CRC per TB set”, which means there is one TBS per TTI, and correspondingly in section 6.2.3 on HARQ MAC-hs details it is stated that “there shall be one H-ARQ process per TTI” that transmits this TBS. In TDD mode, TBS transmissions are applied to a sets of timeslots and codes each TTI. For a given TBS size the most robust MCS will require more timeslots and codes than for a less robust MCS. If the TBS size takes into account the most robust MCS choice, then when a less robust MCS is applied, to physically allow for an increased data rate, only a subset of the available timeslots may be used. However, since only one TBS and one H-ARQ process is allowed per HS-DSCH TTI, maximum data rates are limited in TDD since with the least robust MCS all HS-DSCH timeslots can not be used. Figure 1 shows timeslot and code usage for a given TBS size with different MCS choices.

When radio conditions allow the least robust MCS is applied, only a fraction of the timeslots and codes are required for transmission within the TTI for each TBS. Within the TTI several TBS’s and H-ARQ processes are applied to achieve maximum data rates. Each TBS will exist in mutually exclusive timeslots within the TTI. This ability will also provide greater flexibility in scheduling HS-DSCH allocations, which will result in improved radio resource utilization. Figure 2 shows how more then one TBS can be transmitted in a TTI, which allows the smaller TBS’s to be used for the most robust MCS, when less robust MCS’s are applied. 
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Figure1: code/slot usage for given TBS size with different MCS choice
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Figure2: code/slot usage for multiple TBS’s in a given TTI

To allow for more then one TBS and H-ARQ process in TDD it is not necessary to change any signaling or architectural aspects of HSDPA. The existing signaling of HS-SCCH and HS-SICH can remain unchanged. The only requirement is following reception of HI the UE may receive more then one DL shared control channel with it’s ID. Reception of all DL shared control channels (in the configured set for this UE) is already required in the current architecture.

The ability to segregate physical resources within a TTI while maintaining maximum data rate and minimum block error rate, allows for greater flexibility and efficiency in radio resource allocations. This in turn results in improved utilization of radio resources

Proposal

It is proposed in TDD, when incremental redundancy is applied, to allow more than one H-ARQ process and transport block set per TTI to support maximum data rates without loss of data upon change in MCS level. 

If this principal is agreed, CR’s will be prepared by InterDigital to make the respective changes in TR 25.858 & TS 25.308 for TDD.

[1] 25.858 HSDPA Physical Layer Aspects v1.2.3

[2] 25.308 HSDPA Overall description v5.1.0
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