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1
Introduction
In RAN1 #50 held in Athens, many assumptions related to control signalling on PUSCH were agreed. This contribution discusses one of the open issues regarding to the control signaling on PUSCH, i.e., how to avoid problems caused by the DL allocation grant failure.
2
DL Allocation grant failure
E-mail discussion around the topic has been focusing mainly on the UL functionality, i.e., how to puncture the UL data in the presence of ACK/NACK in such that UL data will not become completely misinterpreted in case of DL allocation grant failure. We emphasize that there are two separate problems which should be considered
· UL data issue: UE and eNB will have different understanding about the rate matching operation

· DL control signalling issue: how to avoid that UL data is not interpreted as DL ACK(/or NACK)

1-bit signalling included in UL grant:
We have proposed to include one signalling bit in the UL grant indicating the presence of simultaneous DL grant and possible ACK/NACK [1]. This signalling bit will solve both UL and DL problems, as far as UL grant is transmitted. 
In case that reception of the DL allocation grant fails, the UE still knows that it should reserve resources for a NACK and there is no problem in rate matching the data "around" the NACK which means that there is no problem from UL point of view. Furthermore, having the additional signalling bit in UL grant represents robust design from (DL) ACK/NACK signalling point of view.
· UL data cannot be interpreted as an ACK/NACK even if the DL grant reception fails at the UE. This error situation should be avoided in cost-efficient manner, whenever possible.
· We also note that it is possible to arrange explicit indication about the DL allocation grant failure using the pre-reserved ACK/NACK space. This arrangement will make possible the fact that eNode-B can identify the possible DL allocation grant signalling failure whenever needed.
Persistent UL:
As mentioned, there are cases, in which the 1-bit signaling included in the UL grant cannot be used, since the UL grant is not available. This is the case with persistent UL and re-transmissions of non-adaptive HARQ. We note that separate solution is needed for these cases. There are two alternatives ways to arrange ACK/NACK signaling in these cases:
· reserve ACK/NACK resource always
· reserve ACK/NACK resource only in case that UE is sending ACK/NACK

Problem of persistent ACK/NACK resource reservation is that this resource represents an additional UL overhead in case that ACK/NACK is not present. On the other hand, this solution is perfect from ACK/NACK/DTX signaling point of view. Furthermore, it will automatically solve also the UL rate matching issue.

Another approach is more attractive from UL overhead point of view. However, we note there is an inherent problem with DTX to ACK error.  Furthermore, we note that UL rate matching must be designed in such that the consequences of error situation can be avoided.
3.
ACK/NACK signalling quality w/ and w/o additional signalling bit in UL grant

In this section we compare the (DL) ACK/NACK signalling performance with and without additional ACK/NACK indication bit included in the UL grant. Schemes compared in this section are presented in Figure 1 and Figure 2.
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Figure 1. ACK/NACK signalling with additional ACK/NACK indication signalled in UL grant.
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Figure 2. ACK/NACK signalling without additional ACK/NACK indication signalled in UL grant. 

Next we illustrate the DTX to ACK error problem, which relates to scheme shown in Figure 2.
· Let’s assume that DL allocation grant signalling fails

· UE has no information about the signalling failure. Therefore it has no reason to transmit ACK/NACK/DTX signal. UE will then transmit UL data signal using the symbols otherwise used for ACK/NACK signalling.
· At the receiver side, eNode-B detects the ACK/NACK signal. Now, it is possible that transmitted UL data signal sequence is close (or even the same) with the ACK(/NACK) sequence. This is the reason for DTX to ACK error. We note that in most cases only a few symbols (1-12 /slot) are needed to signal the ACK/NACK on PUSCH. This can be seen in Figure 1, which shows the required SNR for ACK/NACK BER as a function of allocated resources [1]. 
· In order to avoid the error situation, either higher threshold or longer ACK/NACK sequence is needed. Problem of higher threshold is that it will increase the miss detection of ACK. Longer ACK/NACK sequence will increase the ACK/NACK overhead.
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Performance comparison between two approaches is shown in Figure 4. ACK misdetection probability is presented as a function of SNR. DTX to ACK error is set to be 1e-2 [2].  Simulation assumptions are the same as in [3]. TDM type of multiplexing between data and ACK/NACK symbols has been assumed. Frequency allocation in this simulation was 1 RU (180 kHz). Furthermore, it was assumed that 12 ACK/NACK symbols per slot are allocated (in most cases we can cope with less than 12 symbols/slot). Performance results were obtained assuming practical FDE receiver and realistic channel estimation algorithms. Slot based frequency hopping was used and it was assumed that the ACK/NACK symbols in the first slot are repeated in the second slot.
Results show that there is about 7 dB difference between two schemes in terms of ACK miss detection (for DL-SCH) when observing at the target level of 1e-2 [2]. This is because of the additional threshold needed to guarantee DTX to ACK error target. It is noted that the difference would have been much larger, with smaller symbol space allocated for ACK/NACK. 
Based on these results, we propose that additional signaling bit indicating the presence of simultaneous ACK/NACK transmission should always be included in the UL grant. These results also indicate that in case when dynamic UL grant is not available, it would be better to always reserve the ACK/NACK resource instead of reserving ACK/NACK resources only when ACK/NACK is present. This choice would help to meet the DL signalling quality targets in all cases. 
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Figure 4. ACK/NACK signalling w/ and w/o additional ACK/NACK indication included in the UL grant.
5
Summary
This contribution discusses solutions avoiding PUSCH error situations caused by DL allocation grant signalling failure. The proposed way forward based on simulation results is shown below:

· 1-bit signaling indicating the presence of simultaneous ACK/NACK/DTX transmission is included in the UL grant: this is very efficient way to avoid both UL and DL error situations caused by the DL allocation grant failure

· In case when dynamic UL grant is not available, then we propose to reserve ACK/NACK resource always.
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Figure � SEQ Figure \* ARABIC �3�. Required SNR for ACK/NACK BER as a function of allocated resources. 1 RU, TU 30 km/h, slot-based frequency hopping [1].

















