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Discussion and Decision
1 Introduction

In RAN1#87, the following agreements were made –

· Introduce a dynamic timing relationship between PDSCH and HARQ-ACK controlled by the DCI

· This adjusted timing relationship is enabled by a new optional 1-bit UE-specific RRC configuration parameter

· FFS whether to introduce a dynamic timing relationship between UL grant and PUSCH

· If introduced, this will not require the introduction of any additional RRC parameters.

· FFS whether to introduce a dynamic timing relationship between DL assignment and PDSCH

· If introduced, FFS whether the modified scheduling delay is implicitly detected based on guard-subframe timing

· Note that this enhancement is not limited to VoLTE

In this contribution, we consider details of the dynamic timing relationship.

2 Dynamic Timing Relationship
In RAN1#87, it was agreed to introduce a dynamic timing relationship between PDSCH and HARQ-ACK that is controlled by the DCI. The idea is to dynamically adjust the timing between PDSCH and ACK/NACK to allow transmission of a scheduling grant in between. This will allow for efficient packing of eVoLTE transmissions within the allowed delay budget. An example of this is shown in Figure 1 where the HARQ-ACK timing has been adjusted from n+4 to n+7. This timing adjustment can allow for repetition factor of 16 for the PUSCH to be supported within the 40ms transmission time interval or allow for an additional retransmission.
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Figure 1. PDSCH transmission with adjusted HARQ-ACK timing.
Since the purpose for adjusting the delay is to interleave an UL grant between the PDSCH and HARQ-ACK, potential delay values will depend on the number of repetitions for the MPDCCH as well as the MPDCCH search space interval. For CE Mode A, the baseline VoLTE link budget in [1] shows that MCL of approximately 140 dB can be supported. With a relaxed air-interface delay budget, speech frame aggregation can provide additional gain in VoLTE coverage. Link simulation results show that repetition factor of 4 would be sufficient to provide 1% BLER for the MPDCCH at this MCL. Therefore, at most Rmax of 8 for the MPDCCH would be needed. Using Rmax of 4, the possible MPDCCH search space interval include {4, 6, 8, 10, 16, 20, 32, 40}, while for Rmax of 8, the search space interval includes {8, 12, 16, 20, 32, 40, 64, 80}.
In case of small number of repetitions, it may not be necessary to use dynamic adjustment. This is because the total transmission time is a small fraction of the transmission time interval. For instance, at normal coverage level, at most 8 TTIs would be used on the PDSCH to transmit VoLTE packets every 20ms. Therefore, it is not necessary to optimize the timing for this case.
For large coverage enhancement, generally the MPDCCH/PDSCH will take up at most 4ms or 8ms due to the ability to use all 6 PRBs and the potential to use power boosting. Considering the possible combinations together with the search space interval, it is seen that 4 values would be sufficient to cover most cases. Therefore, it is proposed that a 2-bit field is introduced in the DCI for this purpose.
Proposal 1: Use 2-bit field in DCI to dynamically adjust the timing between PDSCH and HARQ-ACK.
With respect to the 4 delay values, the default value of n+4 of course needs to be supported. The other potential combinations can be viewed as follows –

· MPDCCH Rmax=4, 4 repetitions for MPDCCH and 4 repetitions for PDSCH. Here, n+7 can be used with MPDCCH search space interval configured to 10ms.
· MPDCCH Rmax=4 or 8, 4 repetitions for MPDCCH and 8 repetitions for PDSCH. Here, n+9 can be used with MPDCCH search space interval configured to 16ms.

· MPDCCH Rmax=8, 8 repetitions for MPDCCH and 8 repetitions for PDSCH. Here, n+13 can be used with MPDCCH search space interval configured to 20ms.
· MPDCCH Rmax=8, 8 repetitions for MPDCCH and 4 repetitions for PDSCH. Here, n+13 can be used with MPDCCH search space interval configured to 16ms.

Note that the analysis assumes 2 subframes are sufficient for PUCCH transmission. From PUCCH simulation results derived from [2], it is seen that MCL of approximately 146 dB can be supported using 2 subframes. Therefore, based on the above analysis, it is proposed that values of {4, 7, 9, 13} are adopted. Thus, UE that receives the last subframe of the PDSCH in subframe n will transmit HARQ-ACK in subframe n+k with k given by one of the above values.
Proposal 2: The possible timing values between PDSCH and HARQ-ACK are {4, 7, 8, 13}.
In RAN1#87, two issues remain for further study –

· FFS whether to introduce a dynamic timing relationship between UL grant and PUSCH

· If introduced, this will not require the introduction of any additional RRC parameters.

· FFS whether to introduce a dynamic timing relationship between DL assignment and PDSCH

· If introduced, FFS whether the modified scheduling delay is implicitly detected based on guard-subframe timing

The first proposal introduces a dynamic timing relationship between UL grant and PUSCH. This can be used to concatenate DL and UL grants together in the same search space as shown in Figure 2. It can be used together with PDSCH to HARQ-ACK timing adjustment or independently. When comparing Figure 2 to Figure 1, it is seen that this method has slightly better packing efficiency at the expense of having to puncture the PUSCH for PUCCH transmission. It also allows repetition of 24 to be supported within 40ms, although 2ms out of the 24 would be punctured to accommodate that PUCCH. This would provide approximately 0.4 dB which is not that significant.
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Figure 2. PUSCH transmission with adjusted UL grant timing.
Another potential use for adjusting timing relationship between UL grant and PUSCH would be to delay the PUSCH to allow more time for PDSCH HARQ-ACK. Otherwise, the PUSCH will be punctured which can degrade performance. However, from PUCCH simulation results derived from [2], it is seen that MCL of approximately 146 dB can be support using 2 subframes. Therefore, it is unlikely PUCCH transmission longer than 2ms will be required. Even if that is so, puncturing some PUSCH subframes will not degrade PUSCH performance substantially. In addition, additional bits will be introduced in the DCI which will degrade its performance. Therefore, there is no need to adjust the timing relationship between UL grant and PUSCH.
The second proposal introduces a dynamic timing relationship between DL assignment and PDSCH. This can be used to provide greater packing efficiency as shown in Figure 3. In this case, it is possible to eliminate the 1ms gap between DL grant and PDSCH. However, the saving is minimal and not worth the additional specification and implementation complexity. In addition, additional bits will be introduced in the DCI which will degrade its performance. Therefore, there is no need to adjust the timing relationship between DL grant and PDSCH.
Proposal 3: Do not introduce dynamic timing relationship between DL/UL grant and PDSCH/PUSCH.
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Figure 3. PDSCH and PUSCH transmission with adjusted grant timing.
3 Conclusions

In this contribution, we consider details of the dynamic timing relationship make the following proposals –

Proposal 1: Use 2-bit field in DCI to dynamically adjust the timing between PDSCH and HARQ-ACK.
Proposal 2: The possible timing values between PDSCH and HARQ-ACK are {4, 7, 8, 13}.
Proposal 3: Do not introduce dynamic timing relationship between DL/UL grant and PDSCH/PUSCH.
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