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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 PUSCH problems caused by the DL allocation grant failure. We consider both FDD and TDD aspects in this contribution [1, 2]. The remaining open items related to control signaling on PUSCH are discussed in [4].
2
Impact of DL allocation grant Failure
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]. Signaling errors related to DL scheduling grant have quite significant impacts on the UL side [1, 2]. Failure in DL allocation grant(s) will mean that:
· Rate matching for UL data transmitted on PUSCH is changed 

· UL control (FDD): ACK/NACK is missing on PUSCH 

· UL control (TDD): Number of ACK/NACK bits transmitted on PUSCH is changed 
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 – 1e-2)

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

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


3
FDD Proposal
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. 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 bit will solve both rate matching and control signalling –related problems, as far as UL grant is transmitted. In case when UL grant is absent (i.e., persistent allocation) then we propose to reserve ACK/NACK resource always.
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 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 PDCCH. 

Figure 1 shows the link level gain of proposed scheme [1]. We note that additional signaling bit included in UL grant 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 the difference would have been much larger, with smaller symbol space allocated for ACK/NACK (12 symbols/slot was assumed in this simulation).
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Figure 1. ACK/NACK signalling w/ and w/o additional ACK/NACK indication included in the UL grant, TU channel, 12 ACK/NACK symbols/slot, 1RU, slot based FH.
4
TDD Proposal
From control singling point of view TDD is more challenging than FDD since the number of ACK/NACK bits depends not only on the SIMO/MIMO configuration but also on the number of DL grants associated with the current UL subframe. It possible with TDD that M out of N  DL grants are failing. This will generate special error cases to be taken into account in system design.

RAN1 decisions regarding to control signal transmission on PUSCH are valid in both FDD and TDD systems:

· Different coding rates for control signals transmitted on PUSCH are achieved by occupying different number of symbols. Coding rate to use for the control signalling is given by the PUSCH MCS. The relation is expressed in a table.

· A table links each PUSCH MCS with a given coding rate for control signalling, i.e., the number of symbols to use for an ACK/NAK or a certain CQI/PMI size. 
We note that TDD would also benefit of having DL associated signalling included in the UL grant. However, if there is just a single bit in UL grant, the ACK/NACK resource on PUSCH needs to be dimensioned based on the maximum number of ACK/NACK bits. This would be quite bad solution from the ACK/NACK overhead point of view. 
To reduce the ACK/NACK overhead on PUSCH, we propose to have two bits in UL grant when using TDD mode. This choice would enable e.g. the following signalling:

1. no simultaneous ACK/NACK

2. 1 DL grant scheduled
3. 2 DL grants scheduled
4. N  (all) DL grants scheduled
In this scheme N is equal to the DL/UL ratio. The above is an example mapping and the specified bit-meaning should relate to the actual DL/UL configuration and a 2-bit overhead may not be needed for all cases (e.g. when there are more uplink resources than downlink resources). In all cases, the number of ACK/NACK bits transmitted on PUSCH depends on (1) SIMO/MIMO configuration and (2) the number of scheduled DL grants. In the considered scheme, DL grant is directly mapped into a pre-defined ACK/NACK resource and NACK is signalled in case when the corresponding DL grant is missing. 

Number of ACK/NACK symbols reserved from PUSCH is still given by the PUSCH MCS. With two bit signalling included in the UL grant, there are three different symbol space sizes defined for each MCS. This enables that ACK/NACK resource size can be more accurately sized based on actual number of DL ACK/NACK bits.
· It is noted that some special error cases exist with two DL grants. UE should be able identify which DL grant was failed in case it only receives one DL grant. Otherwise, both DL grants are lost. In this case, it a compromise between ACK/NACK overhead on the PUSCH versus limited scheduling flexibility in downlink needs to be considered. Further, possible multi-TTI allocation schemes for uplink need to be considered in relation to the reservation of ACK/NACK resources.
5
Another proposal solving DTX->ACK problem
[4] also identifies that DTX->ACK on PUSCH is an issue to be solved. [4]  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  

·  Node B will have to decode the UL packet using two assumptions (one without ACK/NACK transmitted on PUSCH, and with for ACK/NACK), thus doubling the decoding complexity of the Node B processing on the PUSCH.

Based on these points, we propose that 1-bit signalling indicating the presence of simultaneous ACK/NACK/DTX transmission is included in the UL grant, instead of CRC masking scheme.
6
Summary
This contribution discusses solutions avoiding PUSCH error situations caused by DL allocation grant signalling failure. 
The proposed way forward in FDD side:
· 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.
The proposed way forward based on simulation results in TDD side:

· 2-bit signaling indicating the presence of simultaneous ACK/NACK/DTX transmission is included in the UL grant: This enables that ACK/NACK resource on PUSCH can be scaled according to actual number of ACK/NACK bits.
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