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1. Introduction

Various methods for handling 10ms E-DPDCH TTIs were discussed at RAN1#40:

· Use of SF/2

· Use of puncturing

· E-TFC restriction

· “Brute-force DTX”

In this contribution we discuss each method in turn and make recommendations for the way forward. 

It has already been concluded that higher-layer scheduling shall be used to avoid transmission gaps when the 2ms TTI is configured for E-DCH. 

2. E-DPDCH

Use of SF/2

In principle, using SF/2 in TTIs which overlap transmission gaps can enable the throughput to be maintained in some circumstances. However, SF/2 cannot be used consistently in TTIs which overlap transmission gaps, as it is not applicable whenever SF2 is already being used. 

Further, use of SF/2 implies that a higher E-DPDCH/DPCCH transmit power ratio is used in the transmitted parts of TTIs which overlap a transmission gap. This would need to be taken into account at the Node B for planning RoT management. Further, the UE would not necessarily be able to apply the required power offset due to power scaling at the maximum power limit. 

A view has also been expressed that there should only one single solution for handling transmission gaps. It is therefore not satisfactory to use SF/2 as it cannot be used in all cases, which implies that more than one solution would be required.  

Use of puncturing

Puncturing according to the usual rate matching rules is problematic if the transmission is already close to the puncturing limit. Puncturing would also give rise to the problems outlined above for SF/2 if it is assumed that a power offset would be applied in the transmitted parts of TTIs which overlap a transmission gap. 

E-TFC restriction

It has been proposed that suitable E-TFC restrictions could be applied in TTIs which overlap compressed frames, to avoid the need for a physical layer method for creating the transmission gaps. 

While this method has some attraction, we believe that it would be unwise to introduce additional complexity into the E-TFC selection procedure to cope with compressed mode. In particular, modification of the E-TFC selection procedure in this way would result in a difference between the 2ms and 10ms E-TFC selection algorithms, which it is preferable to avoid. 

“Brute-force DTX”

In the so-called “brute-force DTX” approach, the physical channel bits which would fall in transmission gap are simply not transmitted. This approach fits well with the concept of HARQ, as a subsequent retransmission would generally be relied on to recover the bits that were DTX’ed in an earlier transmission. 

One concern which has been raised in relation to the “brute-force DTX” approach is that the periodicity of the transmission gaps might happen to coincide with the 40ms period of a HARQ process, such that the same bits ended up being DTX’ed in the retransmissions as well as in the first transmission. If this occurred, it could have a serious impact on one HARQ process. 

Various possibilities could be used to mitigate this effect if it occurred:

· The network could try to avoid configuring compressed mode patterns which resulted in the distance between transmission gaps exactly corresponding to the HARQ process period. 

· The mapping of MAC-d flows to HARQ processes could be configured so as to avoid transmitting on a HARQ process which would be consistently affected by transmission gaps. Sufficient flexibility already exists in the MAC layer to configure this if desired. 

· At low code-rates, the use of a different redundancy version for each retransmission would inherently provide some resilience against successive retransmissions being interrupted by compressed mode transmission gaps. 

If the above 3 factors are not considered sufficient to mitigate the possible impact of successive transmission gaps coinciding with a single HARQ process, a simple way to prevent the problem occurring would be to use a different interleaving pattern in each retransmission, in a slightly similar way to the different constellation versions used in HSDPA. This could be achieved in a number of simple ways:

1. Introduce a different inter-column permutation pattern for each successive retransmission (additional rows in Table 7 of 25.212). The delta in inter-column permutation pattern from one transmission to the next could be a pre-determined pseudo-random change, or something simpler like swapping the first 15 columns with the last 15, or a cyclic shift of the columns.  Or,

2. Swap certain physical channel bits with others depending on the transmission gap position in the TTI. For example, any bits which were DTX’ed in the first transmission and would fall again in a transmission gap in the next transmission could simply be swapped with the first transmitted bit positions in the next transmission, as shown in the diagram:


[image: image1.wmf] 

These bit positions were DTX’ed in the 

first transmission, and would also fall in the 

transmission gap in the retransmission

 

These bit positions are DTX’ed in the first 

transmission, so as to create a compressed 

mode transmission gap.

 

Swap the bits whi

ch would fall in 2 

successive transmission gaps with 

the first transmitted bit positions

 

This process could be repeated for 

each retransmission. 

 


3. E-DPCCH

The E-DPCCH will typically be transmitted with a much lower power than the E-DPDCH. 

Therefore it seems reasonable to handle the E-DPCCH in the same way as the DPCCH in compressed frames, namely to DTX the slots in the transmission gap and use a correspondingly higher transmission power in the remaining slots in order to ensure successful reception. 

4. E-AGCH

The UE should not be required to receive transmissions on E-AGCH which fall within or overlap a downlink transmission gap (although the Node B can still transmit on E-AGCH).

5. E-RGCH and E-HICH

2ms TTI

With 2ms TTI, the UE should not be required to receive transmissions on E-RGCH or E-HICH which fall within or overlap a downlink transmission gap.

If a transmission on E-HICH (in response to a transport block sent on E-DPDCH) would fall within or overlap a downlink transmission gap, we recommend that the E-HICH transmission should take place as soon as possible after the gap provided there is no other E-HICH transmission waiting to be sent.

10ms TTI

With 10ms TTI, the UE may be able to decode E-RGCH or E-HICH transmissions which overlap a downlink transmission gap based on the slots which do not fall in the gap. However, the performance requirements in compressed frames would need to be relaxed to take account of only a subset of the slots being available. 

Therefore we believe that if a transmission on E-HICH (in response to a transport block sent on E-DPDCH) would fall within or overlap a downlink transmission gap, the E-HICH transmission should take place as soon as possible after the gap provided there is no other E-HICH transmission waiting to be sent.

6. Conclusions

We believe that the use of “brute-force DTX” fits well with the concept of HARQ used for E-DPDCH. This method also avoids the need for multiple methods of handling transmission gaps, avoids impacting the E-TFC selection algorithm, and avoids potential problems at the maximum transmission power. 

Any possible concerns about transmission gaps coinciding with successive retransmissions of the same HARQ process can be overcome by any one of a number of simple ways. 

We therefore recommend the use of “brute-force DTX” to create transmission gaps in 10ms E-DPDCH TTIs. If it is considered necessary to introduce a technique to prevent possible problems from consecutive transmission gaps affecting the same HARQ process, we recommend that one of the bit-reordering techniques outlined above is adopted. 

For the E-DPCCH, we recommend using DTX in the slots in the transmission gap and using a correspondingly higher E-DPCCH transmission power in the remaining slots.

For the E-AGCH, the UE should not be required to receive transmissions which fall within or overlap a downlink transmission gap.

For the E-RGCH and E-HICH, the UE should not be required to receive transmissions which overlap a downlink transmission gap. E-HICH transmissions which would overlap a downlink transmission gap should take place as soon as possible after the gap. 
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These bit positions were DTX’ed in the first transmission, and would also fall in the transmission gap in the retransmission







These bit positions are DTX’ed in the first transmission, so as to create a compressed mode transmission gap.







Swap the bits which would fall in 2 successive transmission gaps with the first transmitted bit positions







This process could be repeated for each retransmission. 












