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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, i.e., how to avoid potential DTX-to-ACK problem caused by the DL allocation grant failure. An important issue related to DTX-to-ACK problem is the linkage between PUSCH MCS and amount of resources for ACK/NACK on PUSCH. We discuss this issue in a separate contribution [1].  This is a resubmission of R1-081458. 
2
DTX-to-ACK Error
DTX to ACK error means the case of detecting ACK even though neither ACK nor NACK is sent. The combination of DL scheduling information miss detection and DTX to ACK error (for DL-SCH) leads to a higher layer error [2].
Table 1 presents target quality for UL control signaling [3].  Besides this table, we also note that target quality for DL/UL scheduling information miss detection is set to be 1% [3]. As a result, false ACK probability is 1e-4, which is derived from the combination of DL scheduling information miss detection (1%) and DTX to ACK error (for DL-SCH).
We emphasize that the DTX to ACK error requirement of 1% should be met in all multiplexing combinations:
· ACK/NACK only (PUCCH)
· ACK/NACK + SR (PUCCH)
· ACK/NACK + CQI (PUCCH)
· ACK/NACK + UL data (PUSCH)
Table 1 UL control signalling

	Event
	Target quality

	ACK miss detection (for DL-SCH)
	 (1e-2)

	DTX to ACK error (for DL-SCH)
	 (1e-2)

	NACK to ACK error (for DL-SCH)
	 (1e-4)

	CQI block error rate
	 FFS (1e-2 – 1e-1)


3
Solving the DTX-to-ACK issue
We propose to include one bit in UL scheduling grant (which is sent in DL) to inform whether the corresponding DL scheduling grant was transmitted or not [2]. Basically, this bit that is associated with the DL signalling of the UL resources tells the UE whether to reserve resources for ACK/NACK or not. This signalling will solve the DTX-to-ACK problem, as far as UL grant is transmitted: UL data cannot be interpreted as an ACK/NACK even if the DL grant reception fails at PDCCH. 
Persistent allocation having no UL grant available is a special case from DTX-to-ACK point of view since the additional bit included in UL grant cannot be utilized. We note that DTX-to-ACK issue related to persistent allocation may not be a big issue:

· ACK/NACK due to persistent DL does not overlap with persistent UL (PUSCH). Therefore DTX-to-ACK issue relates only to the interaction between dynamic DL and persistent UL. 
· Only a small fraction the UL frames are allocated for persistent allocation. eNB can avoid these rare DTX-to-ACK error cases by means of minor scheduler limitations (i.e., not to schedule dynamic DL data for the subframes causing ACK/NACK transmission for persistently scheduled PUSCH). On the other hand eNB can always take a risk and schedule dynamic data although it will cause potential DTX-to-ACK problem.
4
Performance impact of DTX-to-ACK issue
Figure 1 shows the number of symbols per slot required to meet A/N BER of 0.1% in TU channel [1]. These curves correspond to persistently scheduled data. The corresponding curves for dynamically scheduled data are shown in [2]. The curves clearly show that in most cases, only 1-2 A/N symbols per slot is needed to get sufficient quality for A/N signalling on PUSCH. The given results assume that there is one bit included in the UL scheduling grant (which is sent in DL) to inform whether the corresponding DL scheduling grant was transmitted or not.
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Figure 1. Number of A/N symbols per slot required to meet A/N BER of 0.1%, 1 A/N bit/slot, TU channel.
Figure 2 shows the link level gain of the proposed scheme [2] compared to the scheme without having additional bit included in the UL grant. We note that additional signaling bit provides about 7 dB gain for ACK miss detection (for DL-SCH) when observing at the DTX to ACK target level of 1%. The gain is because of the fact that additional threshold it needed to guarantee DTX to ACK error target in case when UL data can be erroneously interpreted as ACK. It is noted that performance difference would have been much larger, with smaller symbol space allocated to ACK/NACK (12 symbols/slot was assumed in this simulation). Results of Figure 2 also indicate that w/o having 1-bit signaling in the UL grant the number of A/N symbols/slot should be almost always larger than12, in order to provide sufficient coverage for A/N (12 symbols/slot is enough only when SNR>1 dB). Therefore, when no information about the presence of ACK/NACK is available, then the number of ACK/NACK symbols reserved on PUSCH must be heavily over dimensioned. 

A/N coverage transmitted on PUSCH is another issue. As discussed in [1], there is a hard limit in ACK/NACK coverage with the smallest bandwidth options as no more than two blocks/slot can be used for ACK/NACK. If an additional threshold to guarantee DTX to ACK error target is required, then ACK/NACK coverage will reduce accordingly.
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Figure 2. ACK/NACK signalling w/ and w/o additional ACK/NACK indication included in the UL grant, TU channel, 24 ACK/NACK symbols/slot, 1RU, slot based FH.

Cost of one additional UL grant bit
Let’s assume that there are 40 bits in total in UL grant. One additional bit corresponds to 2.5% increase in UL grant size. If we assume that UL scheduling grant signalling requires 1LB out of 12 LBs on PDCCH, this corresponds to 8.3% overhead in DL side. Now, if we add one additional bit in UL grant (2.5% increase) then total UL overhead of PDCCH is 1.025/12=8.5%. Using this very simple calculation we can say that additional bit in UL grant creates 0.2% additional overhead in DL direction. We note that this is quite marginal overhead compared to savings related to ACK/NACK signalling on PUSCH. 
5
Another proposal solving DTX->ACK problem
[4] also identifies that DTX->ACK problem is an issue to be solved. As a solution it proposes masking of CRC bits based on the presence of ACK/NACK. 
We note that there are quite severe limitations related to CRC masking scheme:
· It is required that UL data packet is received correctly. However, the BLER operation point on PUSCH can be quite high, esp. at the cell edge (even 30-50%). The CRC masking scheme does not work in these cases. 
· The same CRC must be applied for all the re-transmissions: CRC masking scheme cannot be used with re-transmissions  

Performance impact:
Let’s assume that BLER after 1st transmission equals to 30%.  Then assume that 1/3 of the total number of transmissions are retransmissions. This means that CRC masking works only in (.7*2/3)=47% of the cases. This number will further reduce as the BLER operation point increases (this is the cases esp. at the cell edge). Taking these issues into account, we can conclude that real impact of CRC masking on improved DTX-to-ACK performance is quite marginal. Basically, this corresponds to relaxing the DTX-to-ACK error requirement from 1% to 2%. 

6
Summary
This contribution discusses solutions avoiding PUSCH error situations caused by DL allocation grant signalling failure. 
We propose to include 1-bit signalling indicating the presence of simultaneous ACK/NACK/DTX transmission in the UL grant: this is very efficient way to avoid DTX-to-ACK error case on PUSCH. This approach minimizes the total system overhead and allows to meet the DTX-to-ACK requirement on PUSCH. Furthermore, it will guarantee the ACK/NACK coverage in the case when transmitted on PUSCH.
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